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CHAPTER 1 

INTRODUCTION 

1. Scope 
a. This manual covers field and depot main- 

tenance of Radio Set AN/TPS—-1D. Complete 

coverage for this equipment includes two other 

manuals as follows: 

(1) Radio Set AN/TPS-1D, Operator’s 

Manual (TM 11-1167-10). 

(2) Radio Set AN/TPS-1D, Organiza- 

tional Maintenance (TM 11-1167-20). 

b. This manual covers theory, troubleshoot- 

ing and repair, and disassembly and reas- 

sembly; it also contains an appendix and a 

glossary. 

(1) The appendix contains a list of perti- | 
nent references. 

(2) See SIG 7 & 8 AN/TPS-1D for main- 

tenance parts information and for 

repair parts and special tool lists. 

ce. Forward all comments concerning this 

publication to Commanding Officer, United 

States Army Signal Publications Agency, Fort 

Monmouth, New Jersey. 

2. Forms and Records 
a. Unsatisfactory Equipment Report. Fill 

out and forward DA Form 468 (Unsatisfactory 
Equipment Report) to Commanding Officer, 

United States Army Signal Equipment Support 

Agency, Fort Monmouth, N. J., as prescribed 

in AR 700-88. 

b. Damaged or Improper Shipment. Fill out 

and forward DD Form 6 (Report of Damaged 

or Improper Shipment) as_ prescribed in 

AR 700-58. 

3. General Information 
Radio Set AN/TPS-1D contains circuits that 

provide for the detection of airborne targets 

by either the normal radar method or the mov- 

ing-target indication (mti) method of operation. 

The basic principles on which the operation of 

these circuits are based are given in paragraphs 

17 through 22, TM 11-1167-10. For purposes 

of discussion and troubleshooting, the equip- 

ment is divided into eight functional systems, 
as follows: radio-frequency (RF), transmitting, 

receiving, signal comparing, indicating, anten- 

na positioning, direct-current (dc) power 

supply, and alternating-current (ac) power 

distribution and control. The function and in- 

terrelation of these systems and a complete 

stage-by-stage block diagram analysis of the 

equipment are given in paragraphs 40 through 

86, TM 11-1167-20. Additional information 

concerning the specific circuits which make up 
the eight functional systems of the equipment 

and the circuits employed in the various modes 

of operation of the equipment is given in para- 

graph 5 and additional mti principles are given 

in paragraph 4 of this manual. 

a. Components are mentioned frequently in 

the manual by common names rather than by 

official nomenclature. The common names as- 

signed to nomenclatured components are listed 

in paragraph 6, TM 11—-1167-10. 

b. Some Radio Set AN/TPS-1D equipments 

contain preferred: type tubes. The substitution 

of preferred type tubes for older tubes is given 

in paragraph 33, TM 11-1167-20. 

c. Reference designations which are assigned 

to each part indicate the type of part and the 

location of the part. The reference designation 

letters indicate the type of part, and the ref- 

erence designation numbers indicate in which 

component the part is located. The reference 

designation numbers assigned to each major 

component are listed in paragraph 182. The 

parts of each functional system may be located 

by referring to the illustrations in the trouble- 
shooting chapter for that system. In the chap- 

ters where many illustrations are used to call 

out parts, a chart which lists each part in the 

system and the figure on which the part can be 

located precedes the illustrations. 

d. The letters CW on a symbol for a poten- 

tiometer indicates the position of the adjustable 

contact at the limit of clockwise travel viewed 

from the knob end or actuator end. 



e. Equipment panel markings are capitalized 

in text and are boxed on illustrations. 

f. Broken lines on illustrations represent me- 

chanical connections and solid lines indicate 

electrical connections. , 

g. This manual covers the equipment as 

modified by the following Department of the 

Army Modification Work Orders. 

Number Title 

MWO SIG 100 Modification of Radio Set AN/ 

TPS-1D, Modification of Re- 

ceiver-Transmitter RT-212/ 

TPS-1D to Accommodate TR 

Tube Type 6822. 

Modification of Radio Set AN/ 
TPS-1D to Reduce Hum 

Pickup in the Local Oscillator. 

Modification of Radio Set AN/ 
TPS-1D to Improve Local Os- 

cillator and Deletion of Auto- 

matic Frequency Control. 

Modification of Radio Set AN/ 
TPS-1D to Incorporate Manu- 

facturing Changes. 

Modification of Radio Set AN/ 
TPS-1D and Radar Surveil- 

lance Central AN/GSS-1 to 

Provide an Oil Level Indicator 

in Antenna Base AB-221/ 

TPS-1D. 

Modification of Antenna Base 

AB-221/TPS-1D to Prevent 

Oil Leakage into the Motor 

Synchro Tray. 

Modification of Radio Set AN/ 
TPS-1D, Installation of Input 

Power Auto Transformer, 

Tune-up Mirror, and Replace- 

ment of Crystal Mixer. 

Modification of Radio Set AN/ 
TPS-1D, Installation of Pulse 

Delay Network MX-1606/ 

GPX-17. 

Modification of Radio Set AN/ 
TPS-1D to Remove Pulse 

Thyratron Balancing Trans- 

former from Radar Modulator 

MD-144/TPS-1D. 

MWO SIG 11-1167-1 

MWO SIG 11-1167-2 

MWO SIG 11-1167-3 

MWO SIG 11-1167-4 

MWO SIG 11-1167-5 

MWO SIG 11-1167-6 

MWO SIG 11-1167-7 

MWO SIG 11-1167-8 

4. Mti Principles 

As a normal search radar system, the 

AN/TPS-1D is similar in theory of operation 

to typical pulsed search type radar equipments. 

A serious limitation of the normal search type 

radar is that the returns from large stationary 

targets make it difficult or impossible to detect 

airborne targets flying over stationary targets 

when the returns appear in the same positions 

on the indicators. The inclusion of mti circuits 

6 

in the AN/TPS-1D extends the capabilities of 

the equipment by making it possible to detect 

a moving target flying over a stationary target 

which returns considerably more echo signal. 

The mti circuitry makes this possible by sub- 

stantially canceling the returns from stationary 

targets so that only the returns from moving 

targets and small amounts of residue clutter 
are displayed on the indicators. The AN/ 

TPS-1D employs the pulse-to-pulse comparison 

method of mti. This method takes advantage 

of the fact that the RF echo signals returned 

from a stationary target have the same phase 

from pulse to pulse, while the echo signals 

returned from a moving target have a different 

phase from pulse to pulse because of a change 

in position of the moving target with respect 

to the radar antenna. 

a. Phase Relationships. In all radar systems, 

the received RF signal voltage bears a definite 

phase relationship to the RF voltage of the cor- 

responding transmitted signal. The phase re- 

lationship depends on the distance between the 

the radar antenna and the target. Fixed or 

stationary targets produce echoes with a fixed 

phase relationship from one receiving period to 

the next. Waveforms B and D, as compared 

with waveforms A and C, in figure 1 have the 

same phase relationship or phase change from 

one receiving period to the next. Moving tar- 

gets produce echoes which have a different 

phase relationship from one receiving period 

to the next. Waveforms F and H, as compared 

with waveforms E and G, have different phase 

relationships from one receiving period to the 

next because of the change in position of the 

moving target from one pulse to the next. 

This principle makes it possible for the mti 
circuitry of the AN/TPS-1D to discriminate 

between fixed and moving targets. 

b. Coherent Signal. The transmitted signal 

is created by pulsing a magnetron oscillator. 
The phase of the returning echoes cannot be 

compared with the phase of the magnetron 

oscillator because the magnetron does not os- 

cillate during the receiving period. Instead, the 

comparison of phases is accomplished at the 

intermediate-frequency (IF) level. The mti 

circuitry includes a free-running 60-megacycle 

(mc) per second continuous oscillator, the co- 

herent oscillator, or coho. A small portion of 

the output from the magnetron beats with the 



A. STATIONARY TARGET 

Figure 1. 

local oscillator and the difference frequency is 

applied to the coho so that the coho is phase- 

locked to the transmitted signal while the mag- 

netron is oscillating. In this way, the phase of 

the coho is made to depend on the phase of the 
transmitted signal, and the coho is used as a 

reference during the receiving period. The re- 

turning echoes, which have a phase that de- 
pends on the phase of the transmitted signal 

and the distance to the target, beat with the 

local oscillator and produce a 60-mc IF signal. 

The IF echo signals and the coho reference 

signal are both applied to the phase detector. 

c. Phase Detector. The phase detector pro- 

duces video pulses, the amplitude and polarity 

of which depend on the relative phase relation- 

ship between the coho and IF signals. Figure 2 

shows the output characteristics of the phase 

detector (a cosine wave). From the output 
curve, it can be seen that when the coho and 

echo signals are in phase, the video output 

pulses from the phase detector are maximum 

positive; and when the phase difference be- 
tween the two is 180°, the video output 

pulses from the phase detector are maximum 

TRANSMITTED 

PULSE NO.1 

ECHO RETURN 
NO. | 

TRANSMIT TED 

PULSE NO. 2 

ECHO RETURN 

NO. 2 

PHASE 
CHANGE 

B. MOVING TARGET 

TMI167-35-7 

Phase relationships of transmitted and echo signals. 

negative. The output from the phase detector 

varies between these limits, the actual polarity 

and amplitude of the output depending on the 

cosine of the angular difference between the 

coho and IF echo signals. The phase detector 
is the sensing device for the mti circuitry. The 

echo returns from a stationary target cause 

the same output from the phase detector from 

pulse to pulse. The echo returns from a moy- 

ing target cause different outputs from the 

phase detector from pulse to pulse. This dif- 

ference makes it possible to discriminate be- 

tween stationary and moving targets. The 

outputs from the phase detector resulting from 

the returning signals (a above) are plotted on 

the output characteristic curve of the phase 

detector as points S, M, and M’. Point S repre- 

sents the output from the phase detector that 

results from both echo returns from the sta- 

tionary target. Points M and M’ represent the 
outputs from the phase detector that result 

from the returns from the moving target. The 

pulse-to-pulse comparison method of mti com- 

pares the video output pulses from the phase 

detector. The returns from stationary targets 

7 



cancel because they are equal in amplitude and 

the same polarity from pulse to pulse, but the 
returns from moving targets do not cancel be- 

cause the output video pulses from the phase 

detector are neither equal in amplitude nor 

necessarily the same polarity from pulse to 

pulse. 

MAX + 

OUTPUT 
VOLTAGE 

MAX — 
M! 

O° 90° 180° 270° 360° 

PHASE DIFFERENCE BETWEEN SIGNAL 

AND COHO INPUTS TO PHASE DETECTOR 

TM1167-35-21 

Figure 2. Phase detector output characteristic curve. 

d. Cancellation Method. The method used to 

cancel the returns from stationary targets and 

provide mti signals is as follows (fig. 4): 

(1) 

(2) 

Pulsed RF oscillations are produced 

by the magnetron oscillator in the 

transmitting system and are applied 

to the RF system. The RF pulses are 

radiated by the antenna and, at the 

same time, a small portion of the mag- 

netron signal is applied from the RF 

system to the coho mixer. 

The magnetron signal and the local 

oscillator signal are both applied to 

the coho mixer in the receiving sys- 

tem. The 60-mc IF difference fre- 

quency between the magnetron and 

local oscillator frequencies is detected 

by the coho mixer and applied to the 

coho. Each time the magnetron is 

pulsed, the input signal to the 60-mc 

continuous-wave (cw) coho synchro- 

nizes the coho so that its phase de- 

pends on the phase of the transmitted 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

signal. In this way, the coho is phase- 

locked to the transmitted signal and 

the coho output to the phase detector | 

is used as a reference signal during 

the receiving period (when the mag- 

netron does not oscillate). 

The RF echo signals and the local 

oscillator signal are applied to the 

signal mixer in the receiving system. 

The 60-mc IF difference frequency is 

amplified and limited by the signal 
amplifiers and applied to the phase 

detector. 

The phase detector produces video 
pulses when inputs are applied from 

the coho and the signal amplifiers. 

The amplitude and polarity of the out- 

put video pulses depend on the relative 

phases of the two input signals. Since 

the coho input to the phase detector 

is synchronized by the transmitted 

signal and the phase of the IF signal 

is derived from the echo signal, the 

amplitude and polarity of the output 

video pulses from the phase detector 

depend on the distance to the target 
(a above). 

A 9-me ew signal (carrier) is gen-. 

erated by the 9-me carrier channel in 

the signal comparing system. All 

video pulses from the phase detector 

are applied to the 9-mc carrier so that 
the video information amplitude modu- 

lates the 9-mc carrier frequency. The 

modulated carrier is amplified and 

then applied to two channels: the 

delay channel and the nondelay 

channel. 

The delay channel delays the modu- 

lated 9-mce signal for a period of time 
exactly equal to the time between 

transmitted pulses. The signal is then 

amplified and detected (demodulated) 
by a negative detector. 

The nondelay channel amplifies the 

modulated 9-mc signal but does not 

delay it. The signal is amplified and 

then detected (demodulated) by a 

positive detector. 

The two video signals from the delay 

and nondelay channels are combined 

in opposite polarity so that the signals 



(9) 

e. Circuit Requirements. 

from the same stationary target 

(from successive transmitted pulses) 

cancel because they are equal in am- 

plitude and opposite in polarity. 

When compared, the returns from a 

moving target (from the same target 

but from _ successive transmitted 

pulses) do not cancel because the de- 

modulated outputs from the delay and 

nondelay channels are not equal in 

amplitude nor necessarily opposite in 

polarity. The resultant difference 

signals from moving targets are ap- 

plied to the mti video circuits. Since 
the mti video signals may be of either 

polarity, they are polarized in the mti 

video circuits so that only positive 

video pulses are applied to the indi- 

cators on which the returns from 

moving targets are displayed. 

In addition to cir- 

cuit requirements necessary for normal radar 

operation, the following circuit requirements 

are necessary to accomplish satisfactory mti 

operation: 

(1) 

(2) 

(3) 

(4) 

Both the transmitter and local oscil- 

lator signals must be as free as pos- 

sible from jitter, frequency modula- 

tion, and amplitude modulation. Dc 

is used for the filament supplies of 

both the magnetron and local oscillator 

tubes. Special consideration is given 

to the modulator pulse circuit to pro- 

vide jitter-free operation. 

Arcing and magnetron frequency pull- 

ing by the RF transmission lines must 

be kept at a minimum. This is par- 

tially accomplished by careful design 

of the RF transmission lines. 

The pulse repetition rate or pulse 

timing must be ‘exactly equal to the 

timing of the delay in the mercury 

delay line and associated signal cir- 

cuits. This is accomplished in the 

signal comparing system by using 

the mercury delay line to establish the 

pulse repetition rate. 

The 60-mc reference signal must be 

synchronized by the transmitted sig- 
nal. The coherent oscillator, which 

develops the 60-mce signal, is a stable 

60-me oscillator and it is phase-locked 

(5) 

(6) 

(7) 

(8) 

(9) 

f. Mtt Operating Limitations. 

by attenuated pulses from the coho 

mixer. 

Amplitude variations of received sig- 

nals must be minimized to afford 

maximum detection capability. The 

last three stages of the 60-mc IF am- 

plifier are designed to limit the am- 

plitude of echo signals before they are 

applied to the phase detector. 

The signal output amplitude levels of 

the delay and nondelay channels must 

be maintained to obtain best cancella- 

tion of clutter. An amplitude balanc- 

ing circuit provides the necessary 

amplitude balance by automatically 

controlling the gain of the amplifiers 

in the delay channel. 

The outputs from the delay channel 

and the nondelay channel must be in 

time balance so that best cancella- 

tion of clutter is obtained. Provision 

is made for adjusting time balancing 

circuits so that the necessary time 

balance is obtained. 

A means must be provided for con- 

veniently adjusting the mti circuits. 

A meter, a meter switch, and panel 

controls are included which provide 
a simple means of alining the cir- 

cuits. 

The efficiency of the mti circuitry 
depends on the maintaining of close 

tolerances of the factors listed above. 

Employing 

the pulse-to-pulse comparison method of mti, 

the ability of the AN/TPS-1D to detect moving 

targets in areas free of clutter (returns from 

fixed targets) and its ability to differentiate 

between fixed and moving targets depend on a 

number of factors. 

(1) If the moving target is in an area free 

of clutter, the main limiting factor is 

the speed of the moving target with 

respect to the pulse repetition rate 

and the RF wavelength of the equip- 

ment. The rate at which the target 

changes in slant range with respect 

to the radar set (radial velocity) 

affects the amplitude of the mti video 

signals developed by the mti circuitry. 

Theoretically, a target that moves an 

exact multiple of one-half of a wave- 

9 



length between transmitted pulses 

produces the same output from the 

phase detector from pulse to pulse, 

and the returns from any target for 

which this is true are canceled in 

the same manner as the returns from 

stationary targets. Targets moving 

at radial velocities equal to a multiple 

of one-half of a wavelength between 

transmitted pulses are said to be fly- 

ing at blind speeds. Calculated on the 

basis of a wavelength of 23 centi- 

meters (cm) and a pulse repetition 

rate of 400 pulses per second (pps), 

blind speeds occur at 89.4 knots and 

whole multiples thereof. Figure 3 

shows the relationship of the ampli- 

tude of mti signals developed (before 

video limiting) versus the radial ve- 

locity of the target. Note that maxi- 

mum mti video signals are developed 

at speeds of 44.7 knots removed from 

blind speeds. From the plot shown 

in figure 3 and the above discussion, 

it can be seen that against targets 

in areas free of clutter, mti perfor- 

mance is inherently poorer than the 

normal radar detection method which 

is not affected appreciably by the rela- 

tive radial velocities of targets. The 

probability of a target maintaining an 

MT| 
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exact blind speed for any appreciable 

time is very remote, but the fact that 

mti performance depends to some ex- 

tent on target velocities is significant. 

If the moving target is flying in a 

clutter area, the ability to detect the 

target depends on factors that have 

to do with the limitations of the mti 

circuits in cancelling the returns from 

fixed target signals. With the anten- 

na at rest, the subclutter visibility 

(ability to detect moving targets in 

the presence of fixed targets) is lim- 

ited at moving target signal levels of 
not more than 26 decibels (db) below 

that of clutter signals which are at 

or above the limit level of the 60-mc 

IF amplifier in the receiving system. 

As far as the radar circuits are con- 

cerned, subclutter visibility is princi- 

pally determined by the stability of 

the local oscillator. Stability is de- 
fined by the degree of local oscillator 
amplitude or frequency change from 

one receiving period to the next. The 
rotation of the antenna produces the 

greatest limitation on the ability to 
detect moving targets in the presence 

of fixed targets. As the antenna 

rotates, the amplitude and phase of 

clutter signals change according to 
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Figure 3. Mti signal versus target speed. 



the shape of the antenna pattern and 

the RF phase distribution of the pat- 

tern. Even with slow antenna rota- 

tion, amplitude and phase changes of 

clutter signals can be sufficient to pre- 

vent complete cancellation of the 

clutter signals. In spite of the limita- 

tions of mti discussed above, mti 

makes it possible to detect moving 

targets over clutter areas where it is 

difficult or impossible to detect them 

with the normal radar method. 

5. System Breakdown and Modes of 
Operation . 

The purpose of this paragraph is to establish 

what each functional system consists of, to dis- 

cuss the relationship between systems and 

modes of operation, and to illustrate how 

switching of modes may frequently be used to 

sectionalize equipment troubles to a relatively 

small area in the equipment by observing the 

operation of the equipment in all modes of 

operation. The interrelationship between sys- 

tems and a stage-by-stage block diagram dis- 

cussion of the equipment are given in TM 11- 

1167-20. Higher echelon maintenance of the 
equipment requires a more comprehensive 

knowledge of the functions and technical opera- 

tion of the functional systems and modes of 
operation of the equipment as well as general 

mti principles that pertain to the AN/TPS-1D. 

Refer to paragraph 4 for mti principles. 

a. From a troubleshooting standpoint, the 

AN/TPS-1D may be operated in four different 

modes: normal, mti, coho adjust, and normal 

(internal trigger). The normal mode employs 

the conventional pulsed radar method of detect- 

ing and displaying the returns from stationary 

and moving targets on the radar indicators; the 
mti mode employs the pulse-to-pulse compari- 

son method of mti to make it possible to sub- 

stantially cancel the returns from stationary 

targets so that moving airborne targets flying 

over large stationary targets may be detected; 

the coho adjust mode is used when adjusting 

the equipment for proper mti operation (it is 

not used to search for targets); the normal 

(internal trigger) mode is used only for emer- 

gency operation. The normal (internal trig- 

ger) mode is used when the failure of external 

transmitter triggers, which are normally sup- 

plied from the signal comparing system, makes 

it necessary to trigger the transmitter intern- 

ally from the transmitting system itself. The 

internal source is inherently less stable than 

the external source from the signal comparing 

system and, therefore, internal triggers cannot 

be used for mti operation. The frequency of 

the internal triggers may be varied over a 

range between 360 and 400 cycles per second 

(cps), providing an antijamming device against 

some types of jamming. 

b. For purposes of discussion and trouble- 

shooting, the equipment is divided into eight 

systems; transmitting, RF, receiving, signal 

comparing, indicating, antenna positioning, dc 

power supply, and ac power distribution and 

control. 

c. The system breakdown is functional rather 

than physical. A system may be physically 

located in one or more component units of the 

equipment. The following is a list of the func- 

tional systems, the principal subassemblies or 

circuits of the system, and the common names 

of the component units in which they are lo- 

cated (fig. 38, TM 11-1167-20). 

(1) The transmitting system consists of 

the trigger circuit (including the pulse 

delay network) and keyer assemblies 

in the modulator, and the pulse trans- 

former, magnetron, and magnetron 

filament power supply circuits in the 

receiver-transmitter. 

(2) The RF system consists of cavities as- 

sembly RF503, the keep-alive power 

supply, and the directional coupler in 

the receiver-transmitter, the antenna, 

and all RF transmission line compo- 

nents that feed the antenna. 

(3) The receiving system consists of local 

oscillator and control circuits U501, 

signal mixer and harmonic filter 

Z509, IF preamplifier U221, coho 

mixer RF502, and coho preamplifier 

U502 assemblies in the receiver-trans- 

mitter, and coherent oscillator Z350 

and 60-mc IF amplifier Z301 assem- 

blies in the signal comparator. 

The signal comparing system consists 

of mti repetition rate trigger ampli- 

fier, video balancer and amplifier, non- 

delay amplifier Z2300, delay amplifier 

Z1300, and Pulse Delay Network 

(4 — 
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MX-1207/TPS-1D  (2,500-microsec- 

ond delay line) assemblies, all of 
which are in the signal comparator. - 

(5) The indicating system consists of 

video amplifier circuits, ppi-scope 

sweep and display circuits, A-scope 

sweep and display circuits, fixed range 

marker circuits, variable range mark- 

er (strobe) circuits, video marker 

mixer circuits, and the indicator high- 

voltage power supply circuit, all of 

which are in the indicator. 

The antenna positioning system con- 

sists of the antenna servo amplifier 

assembly and antenna drive motor as- 

sembly (which includes all synchro 

components necessary to drive the ppi- 

scope and remote ppi-scope sweeps) 

in the antenna base, and the antenna 

rotate control mechanism and synchro 

receiver (B602) in the indicator. 

(7) The de power supply system consists 

of the unregulated +450-, and regu- 

lated +800-, +150-, and —150-volt de 

power supplies, all of which are in the 

power supply unit. 

(8) The ac power distribution and control 

system consists of the +27-volt dc 

power supply and the control chassis 

in the power supply, the distribution 

of +27 volts throughout the equip- 

ment, and all circuitry which control 

the application of 115 volts ac power 
to components which use 115 volts ac 

directly, such as transformers, blower 

motors, lamps, and heaters. Since 
they control the distribution of ac 

power and +27-volt de control volt- 

ages, all fuses, blown fuse indicators, 

and interlocks are considered to be 

part of the ac power distribution and 

control system. 

d. A functional block diagram of the equip- 

ment is shown in figure 4. The blocks with 

two shaded sides represent circuits which are 

used in all four modes of operation. The RF, 

antenna positioning, and de power supply sys- 

tems function the same in all modes of opera- 

tion. The indicating system and ac power 

distribution and control system are shown with 

shaded blocks because the operational dif- 

ferences are minor in the different modes. The 

(6 — 
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indicating system functions the same in all 

modes except for the presentations on the in- 

dicator screens, which are caused by circuitry 

outside of the indicating system. The opera- 

tion of the ac power distribution and control 

system is different in different modes only in 
that distribution of +27 volts de to relays is 

used in the mode switching circuitry. The op- 

eration of the transmitting, receiving, and sig- 

nal comparing systems varies considerably, 
depending on the mode of operation in which 

the equipment is placed (see notes on fig. 4). 

e. In the normal (internal trigger) mode, 

TRIGGER switch S152 on the modulator must 

be in the INTERNAL position. This mode 
(@, fig. 4) uses the least number of stages. 

Its operation is the same as the conventional 

pulsed radar which does not use mti. Proper 

operation in this mode indicates that the 

shaded blocks, the internal repetition rate mul- 

tivibrator in the transmitting system, and the 

normal video circuits in the signal comparing 

system are all functioning properly. 

f. All modes except the normal (internal 

trigger) mode require $152 to be in the EX- 

TERNAL position. The normal mode (@, 
fig. 4) of operation differs from the normal 
(internal trigger) mode only in the source of 

triggers which trigger the transmitting sys- 

tem. When S152 is in the EXTERNAL posi- 

tion, the transmitting system is triggered by 

triggers produced by the external trigger gen- 

erator circuits in the signal comparing system. 

These triggers are accurately timed by the 

trigger loop circuits in the signal comparing 

system. The accurate timing is not necessary 

for normal operation, but utilizing the external 

source of triggers for the normal mode makes 

it possible to switch from the normal to the 

mti mode of operation instantaneously from 

the indicator position without taking time to 

switch $152 to the EXTERNAL position where 

it must be for mti operation. If the equip- 

ment operates properly in the normal (internal 

trigger) mode but does not operate properly in 

the normal mode (which employs external 
triggers), the trouble must be in the external 

trigger generator or the trigger loop circuits 

in the signal comparing system. 

g. The coho adjust mode (Q), fig. 4) employs 

all the circuitry used in the normal mode, plus 

the coho mixer and coho circuits in the receiv- 



ing system. The coho adjust mode is princi- 

pally a mode in which adjustments of the 

coherent channel of the equipment are per- 

formed so that proper mti operation may be 

obtained. The coho adjust mode, however, may 

also be used to isolate trouble. If the equip- 

ment performs properly in the normal mode 

but not in the coho adjust mode, trouble must 

be in the coho mixer or coho circuits of the 

receiving system. 
h. The mti mode (@), fig. 4) is used to detect 

moving airborne targets flying over stationary 

targets. It uses the pulse-to-pulse comparison 

method of mti (par. 4). The returns from 

fixed targets are substantially canceled in the 

signal comparing system so that only the re- 

turns from moving targets and small amounts 

of residue clutter, which it is beyond the capa- 

bility of the equipment to cancel, are applied 

to the indicating system. In the mti mode, 

the receiving system circuitry differs from the 

normal mode in that the phase detector has a 
different video output signal because the phase 

detector has two inputs, one from the signal 

channel and one from the coho channel. The 

circuitry of the signal comparing system differs 

from the other modes of operation in that the 

video output from the phase detector is ap- 

plied to the 9-me carrier channel in the signal 

comparing system rather than the normal video 

circuits. The returns from stationary targets 
are canceled (par. 74), and pulses representing 

the returns from moving targets are applied 
from the mti video circuits to the indicating 

system. The mti mode uses all stages in the 

equipment except the normal video circuits in 

the signal comparing system and the internal 

repetition rate multivibrator in the transmit- 

ting system. If the equipment operates nor- 

mally in the coho adjust mode but does not 

operate properly in the mti mode, the trouble is 

probably in the mti video circuits or the non- 

delay channel because these are the only cir- 

cuits not common to both modes. 

Figure 4. Modes of operation, functional block diagram. 

(Contained in separate envelope) 



CHAPTER 2 

TRANSMITTING SYSTEM 

Section I. 

6. General 

The transmitting system produces pulses of 

RF energy at fixed intervals. The pulse width 

of the RF energy is accurately determined and 

set at 2 microseconds, and the time interval be- 

tween pulses is approximately 2,500 microsec- 

onds. Peak power output of the transmitter 

is about 500 kilowatts (kw) and the RF is ad- 

justable through a frequency range of 1,220 

to 1,350 megacycles per second (mcs). The 

functional relationship of the transmitting sys- 

tem of the AN/TPS-1D and the physical loca- 

tion of the transmitting system components 

are covered in TM 11-1167-20. 

7. Transmitting System, Block Diagram 
(fig. 5) 

a. High-Voltage Power Supply and Control 

Circuits. The high-voltage power supply pro- 

vides the transmitting system with operating 

power. The control circuits provide a means 

of applying input power and disconnecting the 

input power when abnormal loading conditions 

exist. 

(1) Radiate relay K152 connects 115 volts 

ac to the high-voltage rectifier when 

RADIATE ON switch S616, located on 

the indicator, is depressed. 

(2) Protective relay K151 operates and 

causes K152 to disconnect input power 

from the transmitting system when 

abnormal loading exists in the keyer 

or RF oscillator circuits. 

(3) The high-voltage power supply func- 

tions as a full-wave rectifier. It pro- 

vides a 5-kv (Kilovolt) de output to 

charge pulse forming network Z161 in 

the keyer circuit. 

b. Trigger Circuit. The function of the 

trigger circuit is to amplify and shape the 

waveforms which are applied as trigger pulses 

to the keyer circuits and to output jacks for 
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identification friend or foe (iff) triggers and 

test equipment synchronizing pulses. 

(1) TRIGGER switch $152, when in the 

EXTERNAL position, selects an ac- 

curately timed trigger pulse which is 

generated in the signal comparing sys- 

tem. When switched to the INTER- 

NAL position, it enables internal repe- 

tition rate multivibrator V101 to oper- 

ate by applying +300 volts. 

(2) Internal repetition rate multivibrator 

V101 generates a rectangular voltage 

waveform which is differentiated and 
applied to blocking oscillator keyer 

V102A. 
(3) Blocking oscillator keyer V102A can 

accept either a negative trigger volt- 
age from an external source or a 

positive trigger voltage from internal 

repetition rate multivibrator V101. 

It produces an output which triggers 

blocking oscillator V1101A. 

(4) Blocking oscillator V1101A is trig- 

gered and produces a narrow negative 

pulse that is coupled into diode clipper 

V1102A. An output is also provided 

for applying positive triggers to an 

iff set through iff PRE-TRIGGER 

jack J157. 

(5) Diode clipper V1102A is connected to 

pass negative pulses to delay line 

Z1101. It prevents the positive volt- 
age from V1101A from triggering 

blocking oscillator keyer V1101B. 

(6) Delay line Z1101 is a shorted end arti- 

ficial transmission line that has provi- 

sions for either 37-. or 12.4-microsec- 

ond delay. The negative pulse which 

is applied, is reflected when it reaches 

the short circuit and the polarity is 

reversed. The resulting positive out- 

put is applied to blocking oscillator 

keyer V1101B. 



(7) Delay line discharge diode V1102B 

conducts only when the delay line is 
discharging. It properly terminates 

the line and prevents reflections. 

(8) Blocking oscillator keyer V1101B re- 

sponds to the positive output pulse 

from the delay line, amplifies it, and 

triggers blocking oscillator V102B. 

(9) When triggered, blocking oscillator 

V102B generates a high amplitude 

pulse which is coupled to cathode fol- 

lower V1038. 

(10) Cathode follower V103 is a power 

amplifier stage and its output pulse is 

coupled through a low impedance cou- 

pling transformer into a coaxial line 

and then transferred to thyratron 

keyer V156. 

c. Keyer Circuit. The keyer circuit utilizes 

the output of the high-voltage power supply 

(about 5 kv) to store energy. When it is trig- 

gered, a high-voltage pulse 2 microseconds wide 

is generated and applied to the rf oscillator 

circuits. 
(1) Charging choke L151 is in series with 

the high-voltage power supply and 

pulse forming network Z161. It pro- 

vides a means of charging Z161 to 

twice the supply voltage. 

(2) Charging diodes V153 and V154 are 
parallel-connected. They are in series 

with charging choke L151 and pulse 

forming network Z161. They conduct 

Section Il. 

8. General 

The high-voltage power supply and its asso- 

ciated control circuits are not grouped together 

physically but depend on one another to apply 

power to the transmitting system and protect 

against serious damage to system components 

when abnormal conditions occur. Distribution 

of input power (115 volts, 400 cycles) and the 

27-volt de power supply is shown in figures 
229 and 231. The high-voltage power supply 

is shown in figure 210. 

9. Radiate Relay K152 
(fig. 6) 

When the RADIATE ON button, located on 
the indicator, is depressed, a potential of +27 

volts de is applied to the field winding of radiate 

while Z161 is charging to twice the 

supply voltage, and then stop conduct- 
ing when Z161 is fully charged and 

isolate Z161 from the charging volt- 

age source. 

(3) Pulse forming network Z161, having 

charged to about 10 kv, is discharged 

when thyratron keyer tube V156 is 

triggered and provides a 5-kv pulse 2 

microseconds wide across the primary 

of T502 in the rf oscillator circuits. 

(4) Shunt diode V155 conducts at the end 

of the 2-microsecond discharge inter- 

val of Z161. Its conducting action 

clamps the charging voltage of Z161 

to a slightly negative voltage to pre- 

vent thyratron keyer V156 from re- 

triggering. When it conducts, it pro- 

vides operating current for half of 

protective relay K151. 

d. Rf Oscillator. The output of Z161 (5kv 

pulses, 2 microseconds wide and repeated at 

2,500-microsecond intervals), is applied to pulse 

transformer T502. The pulse amplitude is 

stepped up to approximately 28.5 kv. It is 

applied to magnetron V502 which produces 

pulses of rf energy from approximately 1,220 

to 1,850 megacycles for application to the rf 

assembly. The average magnetron current is 

constantly monitored by meter circuit M502. 

Figure 5. Transmitting system, complete block diagram. 

(Contained in separate envelope) 

HIGH-VOLTAGE POWER SUPPLY AND CONTROL CIRCUITS 

relay K152. When energized, the contacts of 

K152 pull in and complete the primary circuit 
of high-voltage transformer T151, applying 115 

volts 400 cycles. The 27-volt supply bus for 

K152 is in series with interlock S153B and the 

normally closed contacts of protective relay 

K151. Relay K152 drops out and disconnects 

primary power to T151 when interlock S153B 

is opened or relay K151 becomes energized be- 

cause of abnormal circuit operation in the 

transmitting system. 

10. Protective Relay K151 
(fig. 6) 

a. Protective relay K151 has two separate 
windings and its contacts, 2 and 3, are normally 

closed in the de-energized condition. Its func- 
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tion is to remove +27 volts from the field 

winding of K152 when abnormal operating con- 
ditions occur in the transmitting system. The 

K151A winding is in the dc return leg of the 

high-voltage secondary of T151. When the 

high-voltage power supply is operating, approx- 

imately 3 percent of the supply current flows 

from the center tap of the high-voltage sec- 
ondary winding through R153, K151A, and 

- part of R168, to ground. The remaining 97 

percent of the current flows through R152 to 

ground. Normally, the current through 

K151A would cause the relay to energize ex- 

cept that K151B is wound to produce a field 

which opposes the field of K151A so that one 

cancels the effect of the other. The current 

through K151B is derived from the conduction 

of shunt diode V155 (fig. 13). The shunt diode 

conducts each time the pulse forming network 

discharges and provides the operating current 

for K151B. The variable resistor connected in 

the return legs of K151 is used to balance the 

currents through the K151 windings. If an 

unbalanced condition exists and the currents of 

K151A and K151B are not equal, or at least 

within a tolerable range, then K151 operates 

and disconnects +27 volts from relay K152, 

which becomes open and primary power is dis- 

connected from T151. When K151 operates, 

relay K405 located in the power supply, is also 

disabled, removing +27 volts from the bus. 

When contacts 2 and 3 of K151 drop back into 

their normally closed position, K152 will not 

operate because the +27-volt bus is open. To 

restore the high-voltage power supply to its 

operating condition, the RADIATE ON button 

located on the indicator panel must be de- 

pressed. For additional data on relays and ac 

control circuits, refer to chapter 8. 

b. Protective relay K151 may operate for 

reasons listed below: 

Section Ill. 

12. General 
(fig. 210) 

The trigger circuit is a separate chassis lo- 

cated in the modulator. TRIGGER switch 

S152, located on the front panel of the modu- 

lator, selects an external trigger pulse from the 

signal comparing system for accurate trans- 

mitter timing or enables a self-contained trig- 
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(1) Short or arcing in RF system. 

(2) Shorted magnetron. 

(3) Magnetron not oscillating. 

(4) Intermittent oscillating magnetron. 

(5) Mode changing of magnetron. 

(6) Magnetron arcing or excessive spark- 

ing. 

(7) Failure of magnetron filament supply. 

(8) Open or shorted windings of pulse 

transformer. 

(9) Failure of the shunt diode. 

(10) Open winding of relay K151A or 

K151B. 

11. High-Voltage Power Supply 
(fig. 6) 

The high-voltage power supply consists of 

high-voltage transformer T151 and rectifiers 

V151 and V152. The rectifiers are connected 

to function as a conventional full-wave rectifier 

circuit. The primary of T151 is tapped to pro- 

vide a turns ratio between primary and sec- 

ondary which can be selected to produce a sec- 

ondary ac voltage ranging from 9,100 volts to 

10,500 volts. The rectified output from recti- 

fiers V151 and V152 is approximately 5,000 

volts de. Capacitor C153 is the high-voltage 

filter capacitor. Resistor R152 is a voltage 

dropping resistor and supplies a negative volt- 

age source for the relay winding of K151A. A 

voltage drop is realized across R152 only when 

the keyer circuits are operating. The 6-meg- 

ohm bleeder resistor (R151) is used to insure 

the discharging of capacitor C153 when power 

is disconnected from the system. Safety 

switch S151 makes contact and quickly dis- 
charges the high voltage across C153 when the 

modulator is removed from its case. Switch 

S151 is mechanically connected to interlock 

S$153B and is used for the protection of main- 
tenance personnel. 

TRIGGER CIRCUIT 

ger generator which has a variable repetition 
rate control. A pulse delay network is in- 

cluded in the trigger circuit which provides 

iff pretrigger pulses. A delay line provides a 

time delay of either 37 or 12.4 microseconds 

for the trigger pulse to the thyratron keyer. 

The output of the trigger circuit is fed through 

a coaxial line which is part of the connecting 
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harness and provides high amplitude triggers 

to the thyratron keyer located on the main 

chassis. 

13. TRIGGER Switch $152 

(fig. 7) 

TRIGGER switch S152 is a double pole, 

double throw switch located on the front panel 

of the modulator. It connects an external trig- 
ger source into the trigger circuit when 

switched to the EXTERNAL position and pro- 
vides operating voltage to the internal repeti- 

tion rate multivibrator when switched to the 

INTERNAL position. The external trigger is 

an accurately timed pulse which is generated 

in the signal comparing system and is con- 

nected through EXT. TRIGGER INPUT jack 

J152 on the front panel of the modulator. The 

incoming external triggers are transferred 

from the switch through a coaxial line to the 

cathode of blocking oscillator keyer V102A. 

When in the INTERNAL position, S152 con- 
nects B+ to internal repetition rate multivi- 

brator V101. In this position, the external 

trigger becomes disconnected from the trigger 
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High-voltage power supply and control circuits, simplified schematic diagram. 

circuit and the pulse repetition frequency of 

the system is determined by V101. Capacitor 

C105A functions as a cathode bypass capacitor 

and is connected across the cathode resistor of 

V102A when S152 is switched to the INTER- 

NAL position. Resistor R101 is connected in 

series with the B+ supply to V101 and func- 

tions as a decoupling resistor. 

14. Internal Repetition Rate Multivibrator 
V101 

(fig. 8) 

a. Operation. Internal repetition rate multi- 

vibrator V101 is a plate-coupled multivibrator 

with the grid resistors returned to B+ to in- 

crease the output frequency stability. When 

B+ is applied through $152, multivibrator 

V101 is enabled to operate. Section B of V101 
has an unbypassed cathode resistor (R109) 

which functions as the load. The properties of 
V101B will be degenerative and cause it to be 

driven toward cutoff, which results in a rising 

plate voltage. The rise will be exponential for 

a period of time and is determined by the time 
constant of C102, R104, and R105. The grid 
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of V101A is driven slightly in the positive 

region because of the return of R106 to B+ 

and the charging of C102 through the grid to 

cathode circuit. Tube V101A is now in a state 

of heavy conduction and the voltage drop across 

R102 and R103 causes the plate voltage to drop 

to a very low value. Capacitor C103, affected 
by the drop in plate voltage, discharges through 

R107, R108, R110, and R167, causing the grid 
of V101B to be driven far below cutoff. The set- 

ting of R110, the coarse frequency adjustment, 

sets the limit of the frequency not to exceed 

400 cycles. REP. RATE CONTROL R167 and 

the setting of R110 determines the time con- 

stant and, therefore, the length of time V101B 

will be cut off. If 400 cycles is exceeded, the 

magnetron average current will rise above nor- 

mal values. The discharging characteristics of 

C103 through the grid resistors produce an 

exponential voltage rise at the grid of V101B. 

The voltage rise starts from the negative re- 

gion far below cutoff (determined by the plate 

voltage change of V101A) and rises rapidly 

toward B+. The grid voltage goes through the 

cutoff level of the tube during a more linear 

part of the exponential rise in voltage, causing 

V101B to conduct. When V101B conducts, its 

plate voltage drops because of the voltage drop 

across R104 and R105. This dropping voltage 
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TRIGGER switch S152, simplified schematic diagram. 

causes C102 to start discharging through R106. 

The voltage at the grid of V101A drops and ap- 

proaches cutoff. As cutoff is approached, the 

plate voltage of V101A rises because of a de- 

creasing voltage drop across R102 and R103 

plate load resistors. The rising plate voltage 

is coupled through C103 and causes the grid 

voltage of section B to rise slightly into the 

positive region. The action is regenerative and 

the heavy conduction of section B causes its 

plate voltage to drop sharply to a very low 

value; this change is coupled through coupling 

capacitor C102 to the grid of V101A. Section 

A is again driven far into the cutoff region 

and the length of time it is held below cutoff 

is determined by the time constant of C102 
and R106. The plate voltage waveform of 

V101A can be observed at test point TP101. 

b. Output. The variations of the tube cur- 

rent of section B develop a voltage waveform 

across cathode load resistor R109. The voltage 

waveform across R109 is coupled through and 

differentiated by C104 and R111. The short 

time constant of C104 and R111 (about 12.7 

microseconds) produces very narrow differen- 

tiated pulses. These pulses (monitored at test 

point TP102) are applied to blocking oscillator 

keyer V102A. 
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Figure 8. Internal repetition rate multivibrator, simplified schematic diagram. 

15. Blocking Oscillator Keyer V102A 
(fig. 9) 

a. Blocking oscillator keyer V102A is nor- 

mally biased just below cutoff by fixed voltage 

divider resistors R113, R114, and R112. When 

the system is switched for internal operation, 

V102A receives the differentiated voltage wave- 

form from the internal repetition rate multi- 

vibrator. The negative swing of the waveform 

does not affect the operation of the tube, since 

the grid is driven further into cutoff. The 

positive swing of the differentiated waveform 

brings V102A out of cutoff and causes heavy 

conduction. A negative pulse is generated in 

the plate circuit. 

b. When the system is switched for external 

operation, the preceding multivibrator stage 

(V101) is disabled and the input to V102A is 

provided through the cathode circuit. An ex- 

ternal trigger pulse originating in the signal 

comparing system is connected through EXT. 

INPUT TRIGGER jack J152 located on the 
front panel, through TRIGGER switch S152 to 

cathode resistor R112. Resistor R112 serves 

as part of the voltage divider forming the bias 

network for V102A and as a cathode resistor 

for the application of the external trigger pulse. 

The polarity of the external pulse is negative 

and drives the cathode voltage negative. The 

control grid remains essentially at the same 

static potential and, since the cathode is driven 

negative with reference to its static voltage, 

the bias of V102A reduces and causes the tube 

current to increase. The increase of plate cur- 

rent from a nonconducting state causes a nega- 

tive pulse to be generated in the plate circuit. 

The plate of V102A and the plate of blocking 

oscillator V1101A in the following circuit (fig. 

10) have a common plate load, and the wave- 

form indicated is the combined effect of the 

amplified trigger pulse from V102A and opera- 

tion of V1101A. 

16. Blocking Oscillator VI1O1A 
(fig. 10) 

a. Operation. Blocking oscillator V1101A 

is normally biased below cutoff by the fixed 

voltage divider which includes resistors R1101 

and R1102 in the cathode. When the keyer in 

the preceding stage conducts, a magnetic field 

is generated by the common plate load winding 

(2-8) of transformer T1101. The grid wind- 
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ing (1-6) is excited and a voltage is generated 

across the winding which causes the grid to be 

driven positive. Regenerative action in the 

blocking oscillator starts when V1101 starts 

to conduct. The plate current of V1101 in- 

creases and the magnetic field intensity of the 
plate winding increases, coupling a positive 

voltage to the control grid. When the tube 

current approaches saturation and the rate 

of change of current flowing through the tube 

is no longer increasing, the magnetic field of 

the plate winding is no longer changing and 

the induced grid voltage starts to drop. As 

the grid voltage drops, the tube current starts 

decreasing, thereby causing the magnetic field 

in the plate winding to collapse. The collapsing 

field of the plate winding induces a negative 

voltage into the grid winding and drives the 

grid into the cutoff region. Tube current stops 

flowing and the energy stored in the grid and 

plate windings is dissipated after a few cycles 

of oscillation. The tube remains at cutoff be- 

cause of the fixed cathode bias, and the oscilla- 

tions that follow after the stage functions are 

20 

Blocking oscillator keyer V102A, simplified schematic diagram. 

damped and maintained well below the cutoff 
level of the grid so that the stage does not 

become free running. 

b. Output. The tube current during the 

operation of V1101A causes a positive pulse to 

develop across cathode resistor R1102. The 

positive pulse is coupled through coupling ca- 

pacitor C1101 to load resistor R1103 and 

through a coaxial line to front panel jack J157 

(IFF PRE-TRIGGER). The output pulse trig- 

gers iff equipment used with the radar set at a 

time interval prior to the transmitter firing. 

The time delay is determined by the delay line 

in the following circuits. The negative pulse 

developed in the plate circuit of V1101A is 
coupled to the following stage. 

17. Diode Clipper V1102A 
(fig. 11) 

The negative pulse generated by blocking 
oscillator V1101A is coupled through capacitor 
C1103 and developed across R1105. Diode 
clipper V1102A is connected to conduct only 

when negative pulses are applied to the cathode 
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Figure 10. Blocking oscillator V1101A, simplified schematic diagram. 

and becomes an open circuit to any positive 

voltage variations that follow the pulse. Only 

positive pulses can trigger blocking oscillator 

keyer V1101B which could be pretriggered ex- 

cept for the protection of the diode clipper. 

The diode clipper output provides a negative 

pulse that is applied to delay line Z1101. 

18. Delay Line Z1101 
(fig. 11) 

Delay line Z1101 is designed to provide either 

12.4 or 37 microseconds delay, depending on 

the requirements of the iff system used with 

the radar set. Microsecond delay switch $1101 

is normally in the 12.4 position. The delay line 

is terminated at one end with a short circuit 

and, therefore, will reflect a voltage wave of 

opposite polarity to that which is applied. The 

negative pulse from the diode clipper enters 

the delay line between terminals 1 and 3. The 
negative pulse travels down the line to the 

short circuit. Since its energy is not dissi- 

pated by the short circuit, it is reflected, with 

a reversal of polarity (from the short circuit), 

to the input end of the line. It takes 6.2 micro- 

seconds for the pulse to travel down the line 

and another 6.2 microseconds to return from 

the shorted end to the input end. This results 

in a total time delay of 12.4 microseconds. 

19. Delay Line Discharge Diode V1102B 
(fig. 11) 

The delay line discharge diode plate is con- 

nected across the input of the delay line and 

the cathode is grounded. The negative pulse 

that is first applied to the delay line encounters 

a high impedance through the diode and enters 

the delay line. The pulse returning out of the 

delay line has a positive polarity and causes 

the diode to conduct. Resistor R1106 (4.7K) 

and the resistance of the conducting diode are 

of the proper value to terminate the delay line 

and absorb the energy. This prevents the en- 

ergy from reentering the line, causing addi- 

tional reflections and distorting the waveform. 

The entire waveform includes a negative pulse 

followed by a positive pulse which was delayed 

12.4 microseconds. The waveform is coupled 

through resistance-capacitance (RC) coupling 

network R1108 and C1104 and is applied to 

blocking oscillator keyer V1101B. 
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20. Blocking Oscillator Keyer V1101B 
(sess 

Blocking oscillator keyer V1101B is biased 

below cutoff by the fixed cathode bias voltage 

determined by divider network R1109 and 

R1110. Capacitor C1106 is the cathode bypass 

capacitor. The negative pulse applied to the 

control grid has no effect on the tube since the 

grid is driven further into cutoff. Exactly 

12.4 microseconds later, the positive return 

from the delay line causes the tube to come out 

of cutoff. The tube conducts and generates a 

negative pulse across the common plate load for 

tubes V1101B and V102B which is the plate 

winding (3-5) of transformer T102 (fig. 12). 

The negative pulse starts the blocking oscil- 

lator action of the following circuit. 

21. Blocking Oscillator V102B 
(fig. 12) 

Blocking oscillator V102B is normally biased 

below cutoff by the fixed cathode bias network 

consisting of voltage divider R115, R116, and 

R118, and cathode bypass capacitor C105B. 

When the negative pulse is generated in the 

common winding (38-5) of transformer T102, 

the blocking oscillator action starts. The oper- 

ation of this circuit is similar to that described 

in paragraph 16 except for the method of pulse 

signal voltage takeoff. The third winding 
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(2-4) of T102 develops a positive pulse as a 

result of the blocking oscillator action. When 

the functioning cycle of V102B is completed, 

it returns to the cutoff condition and awaits 

the next trigger from blocking oscillator keyer 

V1101B. Decoupling network R117 and C101B 

reduces the possibility of pulse variations gen- 

erated in T102 from getting into the B+ lines. 

The pulse voltage across the output winding 

(2-4) can be observed with an oscilloscope at 
test point TP103. It is applied to cathode 

follower V103. 

22. Cathode Follower V103 
(fig. 12) 

Cathode follower V103 is a pentode tube 

connected as a triode cathode follower circuit. 

Resistor R119 is the grid resistor and R120 is 

the grid limiting resistor. The bias for the 

stage is developed across cathode resistor R122. 

The positive pulse applied to the grid of V103 

causes the tube to increase conduction. The 

function of grid limiting resistor R120 is to 

limit grid current and clip the positive peaks. 

The pulse is reproduced across cathode load 

resistor R122 and is coupled through capacitor 

C107 to the primary of coupling transformer 

T103. Test point TP104 is provided at this 

point to observe the pulse shape. Transformer 

T103 couples the pulse into a coaxial cable 
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Figure 11. Pulse delay network, simplified schematic diagram. 
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Figure 12. Trigger circuit output stages, simplified schematic diagram. 

through terminal board E101. Test coaxial 

connector J153, located on the front panel of 

the modulator, may be used to monitor the trig- 

ger pulse or provide a trigger source for syn- 

chronizing test equipment. The trigger pulse 

is transferred through coaxial cable to the 

keyer circuits where it triggers thyratron keyer 

V156. 

Section IV. KEYER CIRCUITS 

23. General 

The function of the keyer circuits is to pro- 

vide a pulse 2 microseconds wide and of proper 

amplitude and power to excite the RF oscil- 

lator. Energy is stored by pulse forming net- 

work Z161 and is discharged by the thyratron. 

The complete functional block diagram is shown 

in figure 5. 

24. Charging Choke L151 and Charging 
Diodes V153 and V154 

(fig. 13) 

a. Charging choke L151 forms a series- 

resonant circuit with the capacitance of pulse 

forming network Z161. The resonant fre- 

quency is approximately 200 cycles, which is 

one-half of the pulse repetition frequency of 

the set and twice the pulse repetition time. 

The circuit function is based on the principle 

of de resonance charging which makes it possi- 

ble for the capacitance of Z161 to charge to 

twice the supply voltage. The time required 
to attain this value of charge is one-half the 

period of the 200-cycle resonant frequency 

(within 2,500 microseconds), which is equal 

to the pulse repetition time of the set. The 

charging diodes (V153 and V154) conduct and 

present a low value of series resistance when 

Z161 is charging. When the maximum charge 

is reached, the diodes stop conducting and iso- 

late Z161 from the power supply. 

b. When Z161 is charging to the value of the 

supply voltage, the charging diodes (V153 and 

V154) conduct easily and the series current 

causes L151 to store energy in its magnetic 

field. The amount of energy in the magnetic 

field is about equal to the energy stored in the 

capacitance of Z161. When the charge on Z161 

reaches the supply voltage value, the magnetic 

field around L151 collapses and forces current 

to continue to flow in the same direction. This 

action continues to charge the capacitance of 

Z161 in the same direction and Z161 charges 

to a value of nearly twice the supply voltage. 

c. The charging diodes (V158 and V154) 

have their cathodes connected to Z161, which 
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is now charged to approximately 10 kv, and 

their plates connected to the 5-kv power supply, 

thus being rendered unable to conduct. Their 

function is to disconnect Z161 from the power 

supply when the maximum charge has been 

reached, enabling Z161 to retain its charge un- 

til the thyratron keyer tube functions. 

d. In addition to de resonance charging, an 

important function of the charging choke is to 

prevent damaging the thyratron or the power 

supply when Z161 is being discharged. When 

the thyratron is triggered, its resistance drops 

to a very low value to effectively discharge 

Z161. This also places the cathodes of the dis- 

charge diodes to very nearly ground potential 

through the thyratron. The 5-kv power sup- 

ply would discharge through this circuit and 

the excessive currents could cause considera- 

ble damage. The inductive reactance of L151 

during this short interval of time is very high 

and prevents any sizeable amount of current 

from flowing through the power supply. 

25. Thyratron Keyer Tube V156 
(fig. 13) 

a. When pulse forming network Z161 has 

reached its full charge, the thyratron tube re- 

ceives a trigger pulse which was generated in 

the trigger circuits. The plate voltage is ap- 

proximately 10 kv because of the charge on 

Z161 and a trigger pulse in excess of 150 volts 

in amplitude is applied to the control grid 

across grid resistor R160. The thyratron is a 

thermally heated hydrogen gas tube (arc tube) 

and, when ionized, conducts very heavily, 

causing its resistance to drop to about 1 ohm. 

Its construction is such that the gas will not 

ionize under the influence of the plate voltage. 

A high amplitude positive pulse is required at 

the control grid to cause ionization between 

grid and cathode before the plate voltage has 

any influence on the gas. When the plate volt- 

age does affect ionization, the conduction in- 

creases to a value of approximately 300 am- 

peres in 1/10 microsecond or less. The thyra- 

tron will continue to conduct until the plate 

voltage drops to the de-ionization level. De- 

ionization of the thyratron is insured by caus- 

ing the plate voltage to drop into the negative 

region (par. 26). 

b. Rf choke L152 is a low value inductor 

(39 microhenries) and its purpose is to prevent 
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damage to the thyratron because of excessive 

currents when it starts conducting. Before 

conducting, the plate circuit is at approximately 

10-kv potential. The stray capacitances have 

also charged to the same potential. The stray 

capacitances consist of the wiring and cabled 

leads to Z161 that may be quite lengthy, the 

filament transformer of the charging diodes, 

and the filament transformer of the shunt 

diode. A considerable amount of energy is 

stored in these capacitances and, with the lead 

inductance of the plate wiring, a high-frequency 

oscillation can start when the thyratron starts 

conducting. The abrupt rate of rise of the 

oscillating current, combined with the normal 

discharge current of Z161, can reach excessive 

values which will exceed the plate dissipation 

rating of the thyratron and cause serious dam- 

age. Placing L152 in series with the plate 

lead of the thyratron introduces a high react- 

ance at the start of the discharge time and lets 

the thyratron current build up to maximum 

value a little slower. This has a slight tend- 

ency to slope the leading edge of the pulse out- 

put but not to a degree that will cause any 

serious distortion to the wave shape. The 
slight slope of the leading edge of the pulse can 

improve the performance of the magnetron by 

allowing it to ease into oscillation as the pulse 

voltage level is reached. Too sharp a rise of 

the pulse voltage may pass the normal operat- 

ing level before the magnetron starts to oscil- 

late and cause it to oscillate in another mode 

or to arc. $ 

26. Pulse Forming Network Z161 
(fig. 138) 

Pulse forming network Z161 is essentially an 

open-ended artificial transmission line. The 

inductive and capacitive arrangement of the 

network has a characteristic impedance of 16 

ohms and the total delay (down and back inter- 

val) is 2 microseconds. When the network 

charges, it resonates with the charging choke 

(par. 24) and reaches its maximum charge in 

a period of less than 2,500 microseconds. 

When the thyratron is triggered, it represents 

a short circuit and the discharge path of Z161 

is through the primary of pulse transformer 

T502 (fig. 14), through the thyratron, and 

L152. The impedance of the primary of T502 

is purposely designed to be about 15 ohms or 
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less, depending on the reflected impedance of 

the magnetron, so that Z161 discharges into 

a slightly lower impedance. Since the charac- 

teristic impedance of Z161 is 16 ohms and the 

primary of T502 is 15 ohms or less, the 10-kv 

charge divides proportionally across these 

components and the amplitude of the pulse de- 

veloped across the primary of T502 will be 

slightly less than 5 kv. When Z161 starts to 

discharge, a negative wave front travels from 

the input terminals to the open end of the line. 

Its amplitude is slightly greater than 5 kv. 

After the start of the discharging interval (1 

microsecond later), the negative wave front 

reaches the end of the line. It encounters an 

open circuit and, therefore, reflects in phase 

with itself. During the return interval, the 

wave front is a value that will extend into the 

negative voltage region. Although the mis- 

match results in slightly less power output at 

the transmitter, it is of no serious proportion 

and is almost negligible. The advantage of the 

mismatch is that when the pulse is terminated 

the plate voltage presented to the thyratron 

drops well below the de-ionization level. If 

mismatch or improper tuning in the rf sys- 
tem occurs, the primary of T502 might present 

CHARGING 

CHARGING 
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FROM HIGH 
VOLTAGE 
POWER SUPPLY 

5SKV 
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CHARGING 

a higher impedance to Z161. This would cause 

the thyratron plate voltage to remain 100 volts 

or more positive after Z161 has discharged, 

and may cause re-ignition of the thyratron. 

De-ionization time of the thyratron normally 

takes about 5 microseconds. Purposely causing 

the waveform to terminate in the negative re- 

gion insures that the thyratron extinguishes 

and also provides a means for the shunt diode 

to conduct and clamp the starting voltage of 

the resonant charging waveform to an exact 

level. This also insures that Z161 charges to 

the same value each period. The output pulse 

is coupled out of front panel jack J155. Re- 

sistors R157, R158, and R159 are connected as 

a divider to observe the Z161 charging wave- 

form at TP151. Resistors R169 and R162 

through R166 are connected as a divider to 

sample the output pulse waveform at a coaxial 

connection (J156) located on the front panel. 

27. Shunt Diode V155 
(fig. 18) 

The shunt diode conducts at the end of each 
discharge interval of the pulse forming net- 

work and causes the charging waveform of 

PULSE -FORMING NETWORK 
2 USEC 

PULSE 
DIODE OUTPUT TO 
VI54 TRANSMITTER 

3718 ar SHUNT \OKV JISS 
DIODE TO PRIMARY 

THYRATRON 34/12 155 OF PULSE 
PART OF KEYE i Pe ini =y | l TRANSFORMER 

FROM om VI56 2,500 T502 
CATHODE C22 | Rist |usec [_ 
FOLLOWER @. 10 MEG 
neat mare A 

F RIGO 3 2,4 ‘ 
3,300 

75-100V 
= = RI56 PULSE 

800 TPI5I JI56 

TO PROTECTIVE 
RELAY KI5I-B 

C157 C156 RISS RI54 
2UF 2UF 680 680 

BI59 RISB RI62 THRU 

220K 220K RI66 
AN 

220 EA) 
TPIS2 * ne TMII67-35-30 

Figure 13. Keyer circuits, simplified schematic diagram. 
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Z161 to be clamped to the same value at the 

start of each charging cycle. Failure of the 

shunt diode could cause Z161 to charge to a 

higher voltage on each succeeding cycle and 

eventually cause breakdown of Z161. This is 

evident when at the end of the discharge inter- 

val the terminal voltage is of some negative 

value. This negative voltage would add to the 

5-kv supply voltage and Z161 would then 

charge to a value greater than in the previous 

period. The discharge of Z161 would terminate 

the pulse still further in the negative region, 

and this action would become cumulative from 

period to period. The first effect experienced 

is that the magnetron will probably skip modes 

or become erratic and eventually a breakdown 

will occur. The protective relay (K151) oper- 

ates if the shunt diode fails to function. When 

V155 conducts, it charges the RC network con- 

sisting of R154, R155, C156, and C157. The 

charge that accumulates across this network 

is used to supply operating voltage for pro- 

tective relay K151B (par. 10). Resistor R156 

serves as a current limiting resistor. 

Section V. RF OSCILLATOR CIRCUITS 

28. Pulse Transformer T502 
(fig. 14) 

The pulse transformer is specially designed 

to step up the pulse voltage to the magnetron 

about 1:6.2. The secondary windings are bi- 

filar wound; this places both windings at equal 

potentials throughout, prevents breakdown be- 

tween them during pulsing time, and allows the 

connecting of the cathode directly to the fila- 

ment. The only potential difference between 

them is the de filament voltage which is pro- 

vided from a separate source. The primary 

winding has applied to it (through PULSE 

INPUT jack J505) a pulse amplitude a little 

less than 5 kv and 2 microseconds in duration. 

The pulse voltage is stepped up and the sec- 

ondary (bifilar windings) applies a negative 

pulse to the magnetron cathode at approxi- 

mately 29 kv. The primary has connected 

across it an RC network designed to remove 

the formation of a spike at the leading edge 

of the pulse. When the pulse is applied, the 

magnetron does not start to oscillate instantly 

and the load reflected into the primary is a 

very high impedance. Pulse forming network 

Z161 would discharge into this high impedance 

to develop an amplitude equal to the full 

charge (10 kv), causing the formation of an 

undesirable spike voltage. Resistor R509 and 

capacitor C509 present an impedance close to 

the impedance of Z161 at the instant the pulse 

is applied. The magnetron builds up to the 

operating level and the reflected impedance 

through T502 terminates Z161. Capacitor 

C509 charges very quickly through R509 and 

presents less loading to Z161 as the magnetron 
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starts oscillating. The resulting effect is to 

present to Z161 an almost constant impedance 

by the loading of R509 and C509 which de- 

creases as the loading of the magnetron in- 

creases. The effect of the RC network is 

nullified when C509 has charged. Resistor 

R508 is a terminal board made up of 12 one- 

megohm resistors in series and is a bleeder 

network connected across C509. The third 

winding on T151 is used to couple a trigger 

pulse, which has the same time relationship as 

the transmitter pulse, to the indicator through 

TRIGGER OUTPUT jack J506. Capacitor 

C504 is connected across the high side of the 

bifilar windings and C505 across the low side to 

maintain an equal potential between the wind- 

ings and for filtering purposes. Safety gap 

E505 is a set of electrodes connected from the 

high side of the pulse transformer, to ground. 

The spacing of the gap is set at a little over 1 

inch so that it ares if the pulse voltage exceeds 

approximately 30 kv. The output pulse from 

the bifilar winding is of negative polarity and 

is connected through magnetron filament con- 

nector P516 to the cathode of the magnetron. 

29. Magnetron V502 
(fig. 14) 

Magnetron V502 is an indirectly heated diode 

mounted between the poles of a powerful per- 

manent magnet (E501). The diode is mounted 

so that the magnetic field of E501 will be per- 

pendicular to the electric field that exists be- 

tween the cathode and plate. For proper oper- 

ation, the field intensity of the magnet should 

be 1,400 gauss +50. The cathode consists of 
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a thorium oxide coated cylinder with the sur- 

face exposed to the plates. The plates are con- 

structed by stacking several die cast copper 

disks which have cavities between them. The 

cavities exhibit resonant qualities because of 

their inductive and capacitive properties. The 

plates are at ground potential and the oscillator 

is excited by application of a highly negative 

pulse to the cathode. The pulse amplitude is 

approximately 29 kv and the intense electric 

field causes the cathode to emit electrons. The 

electrons are accelerated by the electric field 

and they gain velocity and energy. The elec- 

trons cross the magnetic field at right angles 

and the interaction between the high velocity 

electrons and the magnetic field causes the elec- 

trons to be deflected. The deflected electrons 

form cycloid orbits, alternately speeding up in 

the direction of the plates and absorb energy 

from the dc electric field; then, in the process 

of the cycloid, are slowed down by the oscillat- 

ing electric field across the gaps of the cavities 

and transfer energy to aid the oscillations in 

the cavities. The electron orbits eventually 

terminate when the electrons are collected by 

the plates. The cavities in the magnetron are 

alternately strapped to maintain frequency 

stability and to increase the efficiency of the 

oscillator. A loop is connected inside one of 

the cavities to couple the rf energy out of the 

cavity into a coaxial line. A method of tuning 

the magnetron is provided by the MAGNE- 

TRON TUNING control on the front panel of 

the receiver-transmitter. Tuning is accom- 

plished by a metal diaphragm which is moved 

mechanically to change the electric field in the 

cavities (by changing the cavity size), thereby 

changing the resonant frequency. 

30. Magnetron Overtemperature Thermo- 
stat $501 and Interlock S504B 

(fig. 14) 

a. Magnetron overtemperature thermostat 

8501 is located near magnetron oscillator V502. 

When the heat radiated by V502 causes the 

temperature of S501 to rise to 85° C. (185° F.), 

the contacts open. The +27-volt supply is dis- 

connected from the transmitter high-voltage 

relay holding circuits and the transmitter be- 

comes disabled. To operate the transmitter, 

S501 must be manually reset. The reset button 

is located on the chassis near V502 and to reach 

it, the transmitter chassis must be pulled out 

of the case. 

b. Interlock S504B opens when the trans- 

mitter chassis is removed from the case. When 

it opens, the +27-volt supply becomes discon- 

nected and causes the same disabling condition 

on the transmitter as when $501 opens. When 

the transmitter chassis is properly replaced, 

S504B closes to restore continuity in the circuit. 

c. Capacitors C514 and C515 are connected 

from the +27-volt supply lines to ground. 

Their function is to provide suppression of 

noise impulses and to prevent electrical dis- 

turbances from coupling from one chassis to 

another. 

31. Meter Circuit M502 
(fig. 14) 

Meter M502 is a 0-100 milliampere (ma) 

meter connected in the de return path of the 

magnetron. Its function is to provide a con- 

stant monitor of the average magnetron cur- 

rent. A normally operating magnetron con- 

ducts about 40 to 44 ma. Resistor R517 and 

capacitors C506, C507B, and C510 are con- 

nected as a filter network for the meter. 

32. Magnetron Filament Supply Circuit 
(fig. 14) 

The dc filament power for V502 is provided 

by T504, CR501, and the filter network. Trans- 

former T504 has a multitapped primary which 

is adjusted for proper magnetron filament volt- 

age. When power is first applied to the radar 

set, a time delay of approximately 5 minutes 

exists before operating power can be applied 

to the transmitting system. During this time, 

R516 is shorted by the contacts of radiate 

interlocking relay K405 located in the power 

supply chassis and the full 115 volts ac is ap- 

plied to the primary of T504. This results in 

filament voltage for V502 of about 26 volts dc. 

After the 5-minute time delay, relay K401 

cycles in, and the RADIATE ON button may 

then be depressed. Radiate interlocking relay . 

K405 is energized and applies operating plate 

voltage to the transmitting system. One set 

of contacts of K405 opens to remove the short 

circuit across R156; this causes the magnetron 

filament voltage to drop to about 16 volts. The 

filament voltage is reduced because the cathode 
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is maintained at operating temperature be- 

cause of the bombardment of returning elec- 

trons. A tapped connection is selected at the 

primary of T504 so that sufficient filament volt- 

age is made available to the magnetron to com- 

pensate for variance in the supply voltage. 

The full-wave bridged selenium rectifier ar- 

rangement of CR501 provides a rectified de 

output to the filament of V502. The supply 

voltage decreases with the aging of CR501, re- 

quiring the adjustment of T504. Inductor 

L502 and capacitors C508 and C507A make up 

the filament supply filter network. The fila- 

Section VI. 

33. Connector Plug Filter Networks Z151 
Through Z159 

(fig. 210) 

a. Filter Networks Z151 and Z152. Inter- 

connecting power cables to the keyer circuits 

require filter networks to suppress electrical 

noise that may cause instability in the unit. 

Filter networks Z151 and Z152 are in series 

with the 115-volt 400-cycle supply to high- 

voltage transformer T151. They are designed 

to provide at least 50-db attenuation to fre- 

quencies between 200 ke and 20 me and are 

rated to pass a maximum of 27 amperes. 

b. Filter Networks Z153 through Z159. The 

function of Z153 through Z159 is similar to 

that of Z151 and Z152. The difference is that 

the attenuation figure for these filters extends 

from 20 mc down to 100 ke and the maximum 

current rating is 7 amperes. Capacitors C159 

through C171 serve as ac line filters. 

34. Keyer Circuit Filament Supply 
(fig. 210) 

a. Filament transformer T152 receives pri- 

mary power immediately when the radar set 

is turned on. Its function is to provide fila- 

ment power to high-voltage rectitiers V151 and 

V152 and its rating is 5 volts at 20 amperes. 

A second winding provides filament power to 

charging diodes V153 and V154 and shunt 

diode V155. Its rating is 5 volts at 25 amperes. 

b. Filament transformer T1538 receives pri- 

mary power immediately when the radar set is 

turned on. It provides filament power to thy- 

ratron keyer V156 and its rating is 6.3 volts 

ment current passes through R515, a 1l-ohm 

resistor, and the voltage drop across it is 

measured by M501 through the appropriate 

contacts of TEST SELECTOR switch S506. 

Capacitor C511 is an RF bypass capacitor 

across M501. The value of R514 has a 1 per- 

cent tolerance and was selected so that normal 

operating magnetron filament current will give 

a red line reading on M501. Bypass capacitor 

C524 reduces the effect of RF currents that 

may be picked up by the wiring and cause erro- 

neous indication of M501 and possible over- 

heating of R514. 

MISCELLANEOUS CIRCUITS IN TRANSMITTING SYSTEM 

at 20 amperes. The original design of T153 

was to supply two thyratrons with filament 

power. A modification of the equipment 

(MWO 11-1167-8) resulted in a reduced load 

on T1538 and an abnormally high filament volt- 

age. It was therefore necessary to include 

R128, a 6.8-ohm 18-watt resistor, in series with 

the primary winding of T1538 to reduce the fila- 

ment voltage to a more normal value. 

c. Filament transformer T101 is located on 

the trigger circuit chassis and receives primary 

power immediately when the radar set is 

turned on. One secondary winding provides 

filament power to tubes V101 and V102 and its 

rating is 6.3 volts at 1.2 amperes. The other 

winding provides filament power to tubes 

V1101, V1102, and V1108 and its rating is 6.3 

volts at 2 amperes. One lead of the winding 

is connected to voltage divider R124, R125, and 

R126. This arrangement raises the filament 

winding to a de potential of about 90 volts with 

reference to ground and reduces the possibility 

of filament-to-cathode arcing and possibly in- 

ducing a 400-cycle modulation component be- 

cause of filament-to-cathode conduction. 

35. Keyer Circuit Interlocks and High- 
Voltage Indicators 

(fig. 210) 

Interlocks S153A and $153B open when the 

modulator chassis is removed from its case. 

These interlocks protect personnel from dan- 

gerous high-voltage shock by disconnecting the 

power to high-voltage transformer T151. In- 

terlock S153B, when opened, removes +27 volts 
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supplied to radiate relay K152, which releases 

and disconnects 115 volts 400 cycles from the 

primary of high-voltage transformer T151. | In- 

terlock S153A, when opened, removes the 115 

volts 400 cycles applied to the danger high- 

voltage indicators I 151, I 152, and I 153, thus 

indicating whether or not the high voltage is 

on or off. The high-voltage indicator lamps are 

placed in the chassis at points where the danger 

from electric shock is likely. 

36. Heaters HR151, HR1I52, and Blower 
Motor B151 

(fig, 210) 

a. Heaters HR151 and HR152 are each 150- 

watt elements and are operated by thermostatic 

switch S155. When the temperature drops to 

0° C., S155 closes and 115 volts 400 cycles is 

applied to the heaters. When the temperature 

rises to above 15° C., S155 opens and discon- 

nects heater power. 

b. Blower motor B151 is controlled by ther- 
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mostatic switch S154. When the temperature 

rises to 25° C. or greater, the contacts of $154 

close and power is applied. The contacts of 

S154 open when the temperature drops to 

10° C. or lower. 

37. Filter Networks Z503, Z507, and Z508 
(fig. 14) 

Filter networks Z503, Z507, and Z508 func- 

tion as electrical noise suppressors similar to 

those described in paragraph 33. They present 

50-db attenuation at 50 mc and 150 mc, and 

are rated at a maximum of 4 amperes. 

38. Blower Motor B501 
(fig. 210) 

Blower motor B501 is located in the receiver- 

transmitter chassis and has power applied to it 

when the radar set is turned on. Its function 

is to provide ventilation for the transmitting 

components which include magnetron V502. 



CHAPTER 3 

RF SYSTEM 

Section I. 

39. General 

The RF system conducts high power RF 

pulses from the magnetron to the antenna 

which radiates them. Target echoes are picked 

up by the antenna and conducted through the 

RF system to the receiving system input cir- 

cuits. 

40. Rf System, Block Diagram 
(fig. 15) 

Pulsed RF energy from the transmitting 

system is conducted through a rigid coaxial 

assembly and interconnecting sections of co- 

axial transmission line to the antenna. Con- 

nected to the rigid coaxial assembly is a du- 

plexer that couples energy from the coaxial 

line to the receiving system input circuits. 

a. RF transmission line assembly RF501 is 

a section of rigid coaxial line. Pulsed RF out- 

put from the magnetron is coupled into it, and 

the energy is propagated along the line to the 

antenna. Some of the energy couples into the 

directional coupler, coho mixer assembly, and 

the duplexer. 

b. The directional coupler accepts a frac- 

tional part of the transmitted pulse which is 

used to test and aline the receiver. 

c. A fractional part of the transmitted signal 

is also coupled through an aperture (iris) and 

applied to the coho mixer assembly in the re- 

ceiving system. 

d. Duplexer assembly RF503 consists of 

pre-tr tube V503 contained in cavity A 516 and 

a transmit receive (tr) tube V504 contained 

in cavity A 517. The transmitted energy 

causes the electrodes in V503 and V504 to arc, 

which prevents the transmitted signal from 

getting into the receiving section and causing 

damage to the sensitive components. The low 

GENERAL 

power received signals on the other hand, easily 

pass through the duplexer and into the re- 

ceiver. 

e. The keep-alive rectifier power supply 

(V501) provides a high voltage de potential to 

tr tube V504 so that the arc is more easily 

formed during the transmitted pulse interval. 

f. Shutter gate relay K501 engages a shutter 

gate located inside the cavity of A 517. The 

shutter gate serves to protect the signal crystal 

against locally operating radar transmitters 

when the set is not in use. 

g. A series of interconnecting coaxial cables 

form the necessary transmission lines to cou- 

ple the RF energy between the receiver-trans- 

mitter unit and the antenna base unit. 

h. A rotating joint (RF752) is located in the 

antenna base unit. It provides for the transi- 

tion from stationary to rotating transmission 

line sections. It also provides for the trans- 

mission of pulsed radar signals as well as iff 

signals. 

1. At the antenna, the RF energy couples 

from a short radiator into a section of wave- 

guide where it is matched to a horn type radi- 

ator and directed into the antenna reflector. 

j. The iff antenna is a dipole with reflecting 

elements that are located in the mouth of the 

horn. It transmits and receives in the same 

direction that the radar signals propagate be- 

cause it rotates with the radar antenna and 

directs its energy into the same antenna re- 

flector. 

k. The antenna reflector serves to focus the 

transmitted waves into a narrow beam which 

is radiated into space. The received echo sig- 

nals are focused into a narrow beam and di- 

rected into the horn assembly where they are 

picked up and propagated to the receiver. 
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Figure 15. RF system, functional block diagram. 

Section Il. 

Rf Transmission Line RF501 

(fig. 16) 

a. RF transmission line RF501 is a rigid 

coaxial transmission line section that couples 
the pulsed rf output of the magnetron to con- 
necting transmission line sections which carry 
the rf energy to the antenna. The mechanical 
construction of RF501 is designed to propagate 

41. 
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DUPLEXER AND RF TRANSMISSION LINE 

the transmitted and received signals with max- 
imum efficiency, Air dielectric is used to obtain 
the required power handling requirements for 
the transmitted pulse and to keep line losses 
at a minimum. Rigid coaxial lines require a 
low-loss supporting device to accurately posi- 
tion and hold the center conductor properly 
centered at all times. One such device is the 
stub support (metallic insulator). 



b. The stub support is a quarter wave length 

section of transmission line connected to ex- 

tend away from the main line. The end fur- 

thest from the main line is purposely shorted 

between the center conductor and the outer 

conductor. The electrical short circuit forms 

a strong mechanical junction that enables the 

center conductor of the stub to support the 

center conductor of the main transmission line 

rigidly in place. Within the operating fre- 

quency band of the transmitter, the stub ex- 

hibits electrical characteristics equivalent to a 

quarter wave length. The electromagnetic en- 

ergy propagating along the main line, encoun- 

ters the junction where the stub connects. 

Some of the electromagnetic energy enters the 

stub and travels down towards the short cir- 

cuit. When the electromagnetic energy reaches 

the short circuit, the electric field shorts and 

causes a high current which generates a mag- 

netic field that adds to the magnetic field nor- 

mally being propagated down the stub. The 

shorted end of the stub exhibits zero voltage 

and high current properties. The very low 

resistance of the short circuit at the end of the 

stub does not dissipate any measured amount 

of transmitted or received energy. The energy 

reflects and propagates back towards the main 

transmission line, causing the formation of a 

standing wave. At the junction to the main 

line, the standing wave exhibits a high imped- 

ance and the center conductor appears to be 

suspended by an extremely high resistance 

having practically no losses. Use of insulating 

materials to support the center conductor would 

introduce losses and the possibility of arc-over 

during the high power transmitted pulse. 

c. The supporting stub located at the direc- 

tional coupler junction also functions as a sup- 

port for the center conductor of the main line 

of RF501. The diameter of the center conduc- 

tor of the stub is larger than normal and one- 

quarter wave length long, which gives the stub 

wide-band characteristics. This is necessary 

for the stub to be effective over a wide fre- 

quency range. 

d. A large open section located along RF501 

is provided for connecting the duplexer assem- 

bly. The directional coupler is an integral part 

of RF501 as well as the coho coupling iris. 

42. Directional Coupler 
(fig. 16) 

The directional coupler is a device that is 

used to measure RF power propagated along 

the transmission line in one direction only. 

When RF energy is traveling in the direction 

from the transmitter to the antenna, the di- 

rectional coupler is excited and provides an 

output at R. F. TEST jack J501. RF energy 

traveling in the direction from the antenna to 

the receiver will not produce an output from 

the directional coupler. 

a. The directional coupler is completely en- 

closed inside the center conductor of main 

transmission line section RF501. Along the 

length of the center conductor are two entrance 

slots spaced one-quarter of a wave length apart. 

The center conductor of the main line (RF501) 

serves as the outer conductor of the directional 

coupler and within it is another conductor that 

serves as the inner conductor. The transmitted 

energy propagated toward the antenna passes 

the first entrance slot and a fractional part of 

RF energy is coupled into it with no appreciable 

change in the phase relationship of the electric 

and magnetic fields. The RF energy continues 

to propagate in the same direction inside the 

inner coaxial line. The energies in both the 

inner and outer coaxial lines propagate at the 

same velocity. When they reach the second 

entrance slot additional energy is coupled from 

the outer coaxial line adding to the energy in 

the inner coaxial line and propagated to R. F. 

TEST jack J501. The sample of transmitter 

output at R. F. TEST jack J501 is used for test 

and alinement. The attenuation of the trans- 

mitted RF pulse through the directional cou- 

pler varies depending on the frequency and the 

individual component part. 

b. The directional coupler output is applied 

to an echo box to test and aline the RF system. 

The sampled RF energy of the transmitter is 

coupled into the echo box and excites the echo 

box cavity. The RF energy is propagated from 

the echo box, through the directional coupler 

where it reenters into the main RF transmis-- 

sion line, and is directed toward the duplexer 

and receiving circuits. 

c. Target echo energy is propagated in the 

opposite direction, from the antenna towards 

the receiver. Only a small amount of the RF 

energy couples from the main line (RF501) 
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into the entrance slots of the directional cou- 

pler. The major portion of the received energy 

continues propagating in the main line of 

RF501 and is coupled into the duplexer and 

receiver circuits. The energy in the directional 

coupler continues to propagate in the same di- 

rection and is absorbed and dissipated in the 

resistive material at the end of the inner line. 

d. Received RF energy which tends to excite 

the inner line in the backward direction (to- 

wards J501) is cancelled. Cancellation occurs 

because the RF energy which couples into the 

second entrance slot must travel a distance of 

one-half wave length greater than the energy 

coupled into the first entrance slot. At the first 

entrance slot they coincide 180° out of phase, 

and therefore cancel. 

e. The section that extends away from the 

main line to directional coupler output J501 

functions as a supporting stub for the main line 

(par. 41c). 

43. Coho Signal Coupling Iris 
(fig. 16) 

A small iris is located on the outer conductor 

of RF501 and has coupled into it a fraction 

of the transmitted signal. The iris is circular 

and its dimension is fixed to provide about 

60-db attenuation. The electromagnetic fields 

propagating along RF501 pass the iris and 

couple through the opening into a small cavity 

which includes a pickup loop. The highly at- 

tenuated signal excites the loop and the energy 

is transferred to the coho mixer assembly 

through a coaxial line. Because the attenua- 

tion factor is so high (60 db), only the high- 

powered transmitter pulses couple enough en- 

ergy to provide sufficient signal amplitude to 

affect the coho circuits in the receiving system. 

44. Duplexer Assembly RF503 
(fig. 17) 

a. Duplexer assembly RF503 fits over the 

large opening (aperture) of RF501. Trans- 

mitted and received rf energy are coupled from 

RF501 into RF508. The tr switches connected 

within the cavities allow the use of a single 

antenna to transmit and receive. The duplexer 

assembly is adjusted by sliding it along the 

length of RF501. When transmitting, the 

magnetron presents a low impedance to the 

transmission line. Between transmitted pulses 
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it presents a high impedance. During the re- 

ceiving time interval the received energy de- 

velops standing waves on the line because of 

reflections from the magnetron. With stand- 

ing waves formed on the line, a point of opti- 

mum pick-up is found by sliding the whole 

duplexer assembly back and forth. The du- 

plexer assembly must be repositioned each time 

the magnetron is replaced because the noncon- 

ducting impedance varies between magnetrons. 

The position of the duplexer makes little differ- 

ence to the transmitted signal. 

b. When the transmitter is on, the high 

power RF pulse is propagated through RF501. 

As the energy passes the aperture, a portion of 

the transmitted pulse power is coupled into 

the duplexer and into the first cavity (A 516) 

which contains pre-tr tube V508. The energy 

excites the cavity and generates a standing 

wave. The pre-tr tube is located in the center 

of the cavity at a point of high electric field 
intensity which causes the electrodes to arc. 

The arc becomes a conducting path to the RF 

energy in the form of a short circuit for the 

duration of the transmitted pulse. During the 

arcing interval, the effective short circuit that 

is produced is reflected to the aperture which 

is one-half wave length away. The short cir- 

cuit presented to the aperture prevents much 

of the transmitter power from entering the 

duplexer. Formation of the are reduces the 

amount of power passing through the cavity 

to a value that can easily be handled by the 

following tr tube. Pre-tr tube V503 has no 

keep-alive voltage to aid in starting the are 

since it is located at a point that receives more 

than enough rf power to insure arcing. A con- 

siderable amount of leakage power does get 

through pre-tr tube V503 and is picked up by 

a loop located inside the cavity (A 516). It is 

coupled to the following cavity (A 517) through 

a short length of coaxial line. 

c. The gap between the electrodes of tr tube 
V503 does not break down and arc the instant 

that rf energy is applied. At the start of the 

RF pulse, a high voltage builds up before the 

arc takes place. This causes a spike of RF 

energy having enough power to cause serious 

damage to receiver components. The leakage 

power from pre-tr tube V508 is sufficiently high 

to cause damage to the signal mixer crystal. 

Therefore V503 functions to reduce the rf pow- 
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er to a value which can be more efficiently at- 
tenuated by tr tube V504. To insure that the 

gap of V504 arcs more quickly, a keep-alive 

electrode is used. The keep-alive electrode is 

located near one of the gap electrodes of V504. 

A negative de voltage is applied to maintain a 

steady glow discharge near the gap. Within 

the glow discharge, electrons move freely from 

the keep-alive electrode to the tr electrode and 

a few of them enter the tr gap. This effect 

causes the gap between the tr electrodes to be- 

come extremely sensitive to rf voltages and 

arcing takes place more rapidly, thereby re- 

ducing the spike amplitude to a tolerated value. 

The use of argon gas in both of the tr tubes 

helps to speed up the are and improves receiver 

protection. After the transmitted pulse inter- 

val, the arc in both tubes continues for a short 

duration which blocks the receiver and renders 

it insensitive to close targets. A small amount 

of water vapor in the tr tube, aids in reducing 

receiver recovery time by causing the arc to 

extinguish more rapidly. 

d. The RF power in the echo signals is not 

sufficient to cause the gaps in the pre-tr and tr 

tubes to arc. The received signals enter the 

pre-tr cavity (A 516) and when properly tuned, 

the cavity oscillates and presents a minimum 

of attenuation to the signal. A pickup loop 

couples the rf energy through a coaxial line 

to tr cavity A 517. When the tr cavity is 

excited the RF energy couples through another 

pickup loop into a coaxial line to the receiver 

mixer circuits. When placed within the cav- 

ities, V503 and V504 become a part of the 

cavity which can be tuned. Tuning the tr 

tubes is made by adjusting the knurled knob 

that extends from the center of V503 and 

V504. When the adjustment is made, the reso- 

nant qualities of the cavity are affected. The 

Q of the cavities is extremely high and careful 

adjustment is required to obtain maximum re- 

ceiver sensitivity. The adjustment is best 

accomplished by tuning while observing the 

amplitude of an echo on the A-scope or observ- 

ing the ringtime when using an echo box. 

45. Keep-Alive Power Supply 
(fig. 17) 

The keep-alive voltage power supply consists 

of power transformer T501, rectifier tube V501, 

and associated resistors and capacitors that 
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make up the filter network. Power is applied 

to the primary of T501 through noise filters — 

Z503 and Z504. It has two secondary wind- 

ings: one supplies filament voltage for V501 

and the other supplies plate voltage. Rectifier 

tube V501 functions as a half-wave rectifier 

supplying high voltage and low current. Be- 

cause the operating current is low, the series 

filter resistors are high in value. Resistors 

R505, R522, and R523 function as current lim- 

iters and series filter resistors. Capacitors 

C501 and C502 are the filter capacitors. Re- 

sistors R501, R502, R503, and R504 are con- 

nected in series and serve as the bleeder net- 

work. Capacitor C518 serves as an RF noise 

suppressor. The l-megohm resistor which is 

a part of E506 and is located inside the cap 

that clips on to tr tube V504, functions as a 

current limiting resistor. The de voltage ap- 

plied to V504 is about 800 volts and has a 

negative polarity with reference to ground. 

46. Shutter Gate Relay K501 and Shutter 
Gate 

(fig. 17) 

Shutter gate relay K501 functions to with- 

draw and insert a shutter gate into the tr cav- 

ity of V504 to block strong radar signals and 

protect the signal mixer crystal when the set 

is not operating. When the radar set is turned 

on and operating, received signals having suffi- 

cient power to cause damage to the crystal are 

reduced in power by the functioning of pre-tr 

V503 and tr V504. When the set is turned off, 

locally operating radar sets can radiate enough 

RF power to pass through the duplexer because 

keep-alive voltage is not present. The method 

of protection used is to employ the shutter gate 

located in the tr cavity at a point that will 

block RF energy. The shutter gate is shaped 

like a pin and is mechanically linked to the 

armature of K501. Five minutes after the 

equipment is turned on, K501 becomes ener- 

gized and withdraws the pin from the cavity. 

The pin is held in the withdrawn position as 

long as the set is operating. When the set is 

turned off, K501 de-energizes and allows the 

pin to be reinserted into the cavity by spring 

return force. The field winding of K501 is in 

two parts and is tapped so that when power 

is to be applied, one of the windings is shorted 

by switching contacts. The current through 



the starting winding is 3.7 amperes and devel- 
ops a high starting torque for the armature. 

As the armature turns, it extracts the shutter 

gate pin and rotates a wafer switch that dis- 

connects the short circuit across one of the 

field windings. When the additional winding 

becomes free of the short circuit, it adds in 

series with the starting winding. The addi- 

tional winding has many more turns and 

smaller gage wire because its function is merely 

to hold the armature in the active position. 

The total current is about .105 amperes, and 

it is sufficient to overcome the force of the re- 

turn spring and maintain the shutter gate in 

the extracted position. Resistor R526 and ca- 

pacitor C523 are connected across the switch 

contacts to reduce arcing during the switching 

action. 

47. Interconnecting Rf Coaxial Cables 
(fig. 18) 

a. Rigid Coaxial Section RF855. The front 

panel on the receiver-transmitter includes 

R.F. OUTPUT jack J502 which is used to con- 

nect the transmitter output through additional 

FROM 
MAGNETRON 
v502 

coaxial RF transmission lines to the antenna 

and connect received signals from the antenna 

through the same lines into the receiver. Co- 

axial section RF855 connects to J502 and has a 

rigid outer conductor with an inner conductor 

which is centered in position by supporting 

stubs. Air dielectric is used to permit the han- 

dling of high power transmitter rf pulses and 

the received echoes with a minimum attenua- 

tion. 

b. Rf Cable Assembly RF854. Flexible co- 

axial cable RF854 couples the RF energy be- 

tween the location of the receiver-transmitter 

unit to the location of the antenna base unit. 

The dielectric is a flexible low-loss material that 

can withstand the high power transmitter 

pulses and the received signals with negligible 

attenuation, when the length is maintained at 

less than 50 feet. 

c. RF Transmission Line Section RF851. 

Rigid coaxial line RF851 functions as a rigid 

coaxial line to flexible coaxial cable adapter. 

Flexible cable RF854 connects to one end of 

RF851 and the other end connects to the an- 

tenna base unit. It is a rigid section, and 
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Figure 17. Duplexer circuits, simplified schematic diagram. 
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therefore the center conductor is centered by a 

supporting stub. 

d. Rf Transmission Line Section RF751. 

Coaxial section RF751 (located in the antenna 

base unit) provides for the application of warm 
dry air into the RF lines, a coaxial connection 

to iff equipment, and a connection to the rotary 

joint. An air duct, that is part of the outer 

conductor of RF751, is located in the antenna 

base unit and is positioned so that warm air 

is forced into it by a blower in the servo am- 

plifier case. The warm air circulates through 
RF751 and then up through rotary joint 

RF752 and leaves through another duct which 

is part of RF856 in the antenna unit. The 

warm air serves as a dehydrator which keeps 

the lines dry and reduces corrosion that may 

form because the rotary joint is not completely 

sealed. A part of RF751 is a concentric co- 

axial line. The inner line is used for iff signals 

which are applied to J756 and the outer line 

conducts the radar signals (fig. 15). The outer 

conductor of the inner coaxial line is the center 

conductor of the outer coaxial line and is held 

securely in place by supporting stubs at both 

ends of RF751. The inner section of coaxial 

line extends the length of the antenna base 

unit and its rotary connection is made with the 

center conductor of RF856 in the antenna sec- 

tion. 

e. Rotary Joint RF752. Rotary joint RF752 

is a section shaped like a sleeve that serves as 

the outer conductor and extends from the 

antenna section down through part of the an- 

tenna base unit. During antenna rotation, the 

upper sleeve of RF752 rotates with the antenna 

and makes contact to the stationary lower 

sleeve by spring contacts. The rotary joint 

Section Ill. 

48. General 
(fig. 19) 

The complete antenna assembly includes an- 

tenna subassembly O 805, iff antenna E807, and 
antenna reflector sections E802 through E806 

and E809. The method used to transfer the 

RF energy to and from the antenna assembly 

is common in microwave radar systems. The 

RF transmission lines couple the energy into 

the waveguide section of the antenna sub- 

assembly. The energy is propagated through 

permits the antenna to rotate in azimuth while 

the radar set remains stationary. Extending 

through the length of RF752 is the inner co- 

axial iff transmission line that makes a rotary 

connection with the center conductor of RF856. 

Surrounding RF752 is a shaft that serves as 

the spindle which is driven by the antenna 

drive motor (par. 152). 

f. Rf Transmission Line Section RF856. 

Coaxial line section RF856 is a rigid section of 

line, part of which is a concentric coaxial line. 

The outer line conducts the radar signals to and 

from the antenna. The inner line terminates 

at jack J851 which provides for connection to 

the iff antenna. The outer conductor includes 

an air duct outlet for the forced air. 

g. Rf Transmission Line Section RF754. 

Coaxial line section RF754 connects between 

RF856 and the antenna waveguide. It isa rigid 

coaxial line with an air dielectric and support- 

ing stubs. Only radar signals are propagated 

through this section of line. 

h. Rf Cable Assembly W850. Flexible co- 
axial line W850 connects jack J851 to the iff 

antenna. Jack J851 is located in the antenna 

section and terminates one end of the concen- 

tric coaxial transmission line RF856. 

i. Coaxial Cable Adapters RF852 and RF 858. 

When it is desired to operate the antenna over 

a distance greater than 50 feet from the trans- 

mitter, the attenuation of rf power through 

flexible coaxial cable RF854 becomes appreci- 

able. At distances over 50 feet the use of air 

dielectric rigid coaxial lines is required. Acces- 

sory coaxial cable adapters RF852 and RF853 

are necessary to make the rigid coaxial line 

connections at RF851 and RF855. 

ANTENNA ASSEMBLY AS—548/TPS—1D 

a horn radiator and directed to the antenna re- 
flector for propagation into space. The iff an- 

tenna is located in the nozzle of the horn radia- 

tor. Interaction between the iff and radar 

signals is not experienced because they are 

transverse polarized and operate in widely sepa- 

rated frequency bands. 

49. Antenna Subassembly O 805 
(figs. 20 and 21) 

a. Waveguide Probe E801. The transmitted 

and received signals are coupled between the 
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Figure 19. Antenna Assembly AS-548/TPS-1D. 

waveguide assembly and the coaxial transmis- 
sion line by waveguide probe E801. The cen- 
ter conductor of the coaxial transmission line 

extends into the wide dimension of the wave- 

guide and functions as an antenna radiating 

element. 

b. Waveguide and Horn Feed Assembly. 

(1) The radiating energy from E801 

propagates in all directions away from 

the radiating probe within the wave- 
guide section. The position of E801 

is located at a point where the reflect- 
ing RF fields from the shorted end of 

the waveguide return in phase with 

the forward propagating energy. An 

operating mode is generated and the 
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(2) 

RF energy is propagated in the direc- 
tion of the horn feed assembly. 

Tuning plug O 809 is located a short 

distance from radiating probe E801. 

It is normally adjusted for optimum 

match between E801 and the wave- 

guide assembly for maximum power 

transfer and to reduce standing 

waves on the transmission line. Stand- 

ing waves are generated when a mis- 

matched condition exists along the 

propagating path. This causes reflec- 

tion of some RF energy back along 
the same path. The resultant of the 
incident energy added instantaneously 

to the reflected energy produces an 



‘apparent stationary wave. The wave 

motion appears as though it is varying 

in amplitude only and the resultant 
electric fields are displaced from the 

magnetic fields by a quarter wave 

length. The peak magnitudes of the 

standing waves are greater than nor- 

mal and are determined by the degree 

of mismatch. They can vary up to a 

maximum of twice the normal magni- 

tude for 100 per cent reflection. When 

standing waves exist, the peak ampli- 

tudes of the electric fields can cause 

the dielectric to break down and form 

anarc. The excessive magnetic fields 

cause high currents through the con- 

ductors, and result in increased cop- 

per losses. Standing waves are meas- 

ured by their standing wave ratio, 

which is derived by taking the ratio of 

the maximum to minimum field inten- 

sity on the transmission line. Tuning 

plug O 809 is inserted in the center of 

ADAPTER 
CONNECTOR 

0 809 

WAVEGUIDE WAVEGUIDE 

(3) 

(4) 

the wide dimension of the waveguide 

section and functions as a variable 

capacitive component. It is normally 

factory adjusted for optimum per- 

formance of the receiver-transmitter 

and minimum standing waves on the 

transmission lines. 

The horn feed follows the waveguide 

section. It matches the waveguide to 

space and directs the RF energy into 

the antenna reflector. The RF energy 

emanating from the horn is horizon- 

tally polarized. 
The mouth of the horn contains iff 
antenna dipole E807 and its corner 

type reflector assembly. The location 

of the iff antenna assembly does not 
have any effect on radar signals be- 

cause of their transverse polarization. 

Iff Antenna E807 
(figs. 21 and 22) 

/ 
PART OF 
RF 754 

a. The iff antenna is located in the mouth of 

PART OF IFF 

ANTENNA 

ANTENNA 

ASSEMBLY 

0 805 

NOTE: 
TUNING PLUG IS FACTORY 

ADJUSTED. 

TMII67 -35-86 

Figure 20. Antenna Subassembly O 805. 
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the horn of antenna subassembly O 805. It 

consists of a dipole radiator and eight reflec- 

tors. Four of the reflectors and the dipole are 

inclosed under fiberglas cover O 806. The 

remaining four reflectors are located outside 

the cover, forming a V-shaped reflector assem- 

bly. The RF connection is made to the iff an- 

tenna through coaxial connecting jack J850, 

which is a part of coaxial adapter E808. From 

E808, a rigid coaxial line extends through the 

length of the antenna assembly and has a stub 

supported center conductor. The center con- 

ductor extends one-quarter wavelength past 

the point where the dipole radiator feed line 
branches off. A mechanical joint (short cir- 

cuit) is made at the end of the center conduc- 
tor and provides the rigid supporting stub to 

position the center conductor of the coaxial line 

and the center conductor of the feed line. The 

center conductor of the feed line is connected 

to one leg of the dipole radiator through an 

insulated opening in the outer conductor and 

the other leg of the dipole radiator is connected 

to the outer conductor. The length of the feed 

line is made sufficiently long to include slots 

one-quarter wavelength long on opposite sides 

of the outer conductor. The slots serve as a 

balance transformer which converts the dipole 

from an unbalanced to a balanced dipole 

radiator. 

STUB 
1/4 SUPPORT 

Figure 21. 
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b. The voltage standing wave ratio (fig. 22) 

indicates the degree of mismatch and reflec- 

tions that exist on the iff transmission line 

within the operating frequency range. The 

standing wave ratio is an indication of how 

much energy is reflected because of mismatch; 

therefore the graph illustrates the optimum 

operating frequency band. A high degree of 

mismatch results in a large value standing 

wave figure and a perfect match yields a figure 

of 1. An operating frequency of operation is 

chosen which provides a figure as close to 1 as 

possible. The voltage standing wave ratio is 

merely a result of sampling the electric fields 

on the transmission line since it requires simple 

apparatus and is the most common method 

used. 

51. Antenna Reflector Assembly E802 
Through E806, and E809 

(figs. 19 and 23) 

a. The antenna reflector is a truncated para- 

bolic reflector which provides a_ horizontal 

radiation pattern 4° wide and a vertical radia- 

tion pattern 12° wide. It is assembled from 

five separate lattice-metal sections (E802 

through E806) and balance vanes E809. The 

wind balance vanes are solid, irregular shaped 

elements attached to the antenna reflector at a 
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predetermined position. They serve to equalize 

the effects of wind resistance, reducing abnor- 

mal strains and erratic rotation of the antenna: 

b. The vertical radiation pattern contains 

several lobes with null points in between (fig. 

23). The nulls are due to reflected ground 

waves adding to the prime wave out of phase, 

thereby resulting in cancellation. The lobes 

include energy from the ground waves which 

adds in phase to the prime wave, thereby re- 
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inforcing the signal. The illustration is for an 

antenna raised to a height of 20 feet above 

ground. The prime lobe axis is at 1°. Low 

flying aircraft under these conditions could re- 

main undetected until quite close. The range is 

reduced by tilting the antenna to 0° or slightly 

below the horizon. This of course increases 

the return from ground clutter but the mti 

mode of operation virtually eliminates the 

effects of fixed targets. 



CHAPTER 4 

RECEIVING SYSTEM 

Section I. 

52. General 

The receiving system amplifies weak echo sig- 

nals delivered by the antenna and provides 

video pulses of usable amplitude to the signal 
comparing system. Its function involves cir- 

cuits for amplification and efficient demodula- 

tion of the RF signals. The receiver is a high 

gain superheterodyne type which receives RF 

signals in the 1,220 to 1,350 mc band and oper- 

ates on an intermediate frequency of 60 mega- 

cycles. The echo signal power returning to 

the radar set may be in the order of micro- 

microwatts because of the distance to the tar- 

gets and the scattering effect when reflecting 

from targets. The receiver must be sensitive 

enough to respond to weak signals and retain 

a certain amount of fidelity when reproducing 

the echo pulse shape. The primary factor in 
limiting the gain of the receiver is front end 

noise. Noise is generated in the rf compo- 

nents of the receiver, mainly the crystal mixer 

and the first intermediate frequency amplifier 
stages. Careful consideration of the noise fac- 

tor is made during the design of the receiver 

but the effectiveness of the system depends 

largely on the capabilities of maintenance per- 

sonnel. The limitations of the receiving sys- 
tem can be minimized if precautions are taken 

to properly measure receiver response and tune 

for optimum performance. 

53. Receiving System, Block Diagram 
(fig. 24) 

a. Local Oscillator and Control Circuits U501. 

(1) The local oscillator tube (V505) is a 

disk-seal type lighthouse tube. It is 

located within a coaxial type tuning 

assembly and functions as a grounded- 

grid, tuned-plate tuned-cathode oscil- 

lator. 

(2) The local oscillator is tuned by tuning 

motor B502, a dc motor that is con- 

GENERAL 

trolled by L. O. MOTOR switch S613A 

on the indicator front panel. 

b. Local Oscillator Injector RF503A. The 

local oscillator injector assembly accepts the 
echo signals from the tr cavities and the local 

oscillator output. The two signals are com- 
bined within the assembly and its output is 

applied to harmonic filter assembly Z509. 

c. Harmonic Filter Z509. 

(1) The harmonic filter is a device that 

permits the signal frequencies to pass 

with very little attenuation but it has 

a high attenuation factor for the har- 

monic frequencies. 

(2) Signal mixer CR503 provides for the 

heterodyning of the local oscillator 
and received signal frequencies. The 

output is 60 megacycles and is applied 
to signal IF preamplifier U221. 

d. Signal IF Preamplifier U221. The signal 

IF preamplifier contains three stages. The first 

stage (V232) is a low noise, neutralized cathode 

loaded amplifier feeding a grounded grid am- 

plifier. The second stage (V224) is a conven- 

tional IF amplifier. The third stage (V225) 

connects to an impedance matching transformer 

and provides an output through a coaxial trans- 

mission line. 

e. Signal IF Amplifiers. The signal IF am- 

plifiers consist of tubes V301 through V306. 

Received signals are delivered from the pre- 

amplifier and amplified by the first three stages. 

The last three stages serve as limiter amplifiers. 

f. Coho Mixer RF502. A highly attenuated 

sample of the transmitter signal pulse couples 

into RF502 through an iris on the main trans- 

mission line. The local oscillator output is also 

connected to RF502 where it heterodynes with 

the transmitter signal. The output of coho 
mixer crystal CR502, the 60-megacycle beat 

frequency, is applied to coho IF preamplifier 

V506. 
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g. Coho Preamplifier U502. The coho pre- 

amplifier is a single stage 60-megacycle IF am- 

plifier. Its output feeds a coaxial transmission 

line which transfers the signal to coherent os- 

cillator Z350. 

h. Coherent Oscillator Z350. 

(1) The applied signal is amplified by the 

first three stages (V350, V351, and 

V352) and then applied to the coho 
(V353). 

(2) The coho normally oscillates at 60 

megacycles and is synchronized by the 

signal from the coho IF amplifiers. 

The coho thus becomes locked in rela- 

tive phase to the frequency of the 

transmitted signal. 

(8) The output of the coho is applied to 

coho amplifier V354 which is a 60- 
megacycle amplifier. The output of 

the amplifier is applied to the phase 
detector circuit (CR301 and CR3802). 

1. Phase Detector Circuit. 

(1) The phase detector circuit includes 

diode rectifiers CR301 and CR302. It 

Section Il. 

54. General 
Local Oscillator Assembly Z511 is a metal 

cylinder which functions as the tuned circuit 

and contains local oscillator tube V505. The 

local oscillator tube is a lighthouse (disk-seal 

type) tube which provides a highly stable con- 

tinuous frequency output. The operating fre- 

quency limits of V505 extend to about 3,000 

megacycles and the tube easily operates through 

the 1,200 to 1,400 megacycle band determined 

by the tuning properties of Z511. The local 
oscillator frequency is changed by an adjustable 

ring-shaped plunger located inside Z511 and is 

moved by the action of a motor driven actuator. 

Tuning motor B502 is controlled by L.O. MO- 

TOR switch S613A which is located on the front 

panel of the indicator unit. 

55. Local Oscillator Assembly Z511 and 
LO V505 

(fig. 25) 

a. Local oscillator assembly Z511 is a metal 

cylinder which has two tuned sections with the 

functions as a phase detector only 

when the radar set is operating in the 
mti mode. As a phase detector, it 

combines the continuous output of the 
coho and the received echos from the 

signal IF amplifier. The relative phase 

between the two signals is compared 

to determine the amplitude and po- 

larity of the output video pulse. 

(2) When operating in the normal mode, 

the coho is disabled and only the out- 

put of signal IF amplifier Z301 is ap- 

plied. During operation in the nor- 

mal mode, the detector functions as 

an amplitude modulation detector. 

j. Nowse Level Amplifier V307. The noise 

output from the phase detector is amplified by 

noise level amplifier V307 to obtain an indica- 

tion of the overall gain of the receiving sys- 

tem. The noise is amplified, rectified, and fil- 

tered so that a de voltage proportional to re- 

ceiving system gain is applied to TEST METER 
M2350. The meter is then red-lined to obtain 

optimum overall receiving system gain by ad- 

justing I. F. AMPL. LEVEL control R2350. 

LOCAL OSCILLATOR AND CONTROL CIRCUITS 

local oscillator tube fitting in between the tuned 

sections. The external connections of the plate 

and grid elements extend into the three-quarter 

wave length section of an equivalent coaxial 

line and the cathode-to-grid portion fits into 

an approximately one-quarter wavelength sec- 

tion. The oscillator circuit is of the grounded 

grid type and utilizes tuned cathode and tuned 

plate sections which are basically coaxial lines. 

Feedback is accomplished by coupling loops 

located at points of maximum magnetic fields 

in both tuned sections. The grounded grid acts 

as a shield and effectively isolates the plate cir- 
cuit from the cathode circuit with the coupling 

loop providing all the feedback. The cathode 

tuned circuit is physically shorter than a quar- 

ter wave length with the interelectrode capacity 

between grid and cathode of V505 providing 

the electrical properties to effectively lengthen 

the line. The short length of the cathode 

tuned circuit assumes the proportions of a 

resonant cavity. The plate tuned circuit is 
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somewhat shorter than a three-quarter wave 

length section with the plate to grid capacity 
making up the difference electrically. The iso- 

lation between the plate and cathode is by the 

grounded grid which provides excellent sta- 
bility for the oscillator by virtually eliminating 

plate-to-cathode interelectrode capacitance. 

Two separate coupling loops located at the 
ground end of the plate tuned section provide 
outputs to the signal mixer and coho mixer 

assemblies. 

b. The cathode tuned circuit has broadband 

characteristics and presents a negligible amount 

of phase shift in the feedback voltage through- 

out the frequency band. Tuning is accom- 

plished by five adjustable paddles which are in 

the cathode tuned section of Z511. The paddles 

are located in the region of maximum magnetic 

field and affect the inductive component of the 

tuned circuit. Tuning the cathode section is 

required only after replacing V505 and is nor- 

mally peaked to the center of the operating 

frequency band. 

c. The plate tuned circuit is a high-Q three- 

quarter wave length section which is variable. 

The tuning adjustment of the plate circuit is 
operated by tuning motor B502 through gear 

reduction. A cam type actuator mechanism 

connected with the reduction gearing adjusts 

the position of a sliding ring which is mounted 

between the inner and outer conductors of the 

plate tuned line. The sliding ring is con- 

constructed of a metal inner ring surrounded 

by a dielectric material which prevents the 
metal portion from making electrical contact 
and shorting with Z511. Movement of the ring 
is similar to a plunger and affects both the elec- 

tric and magnetic fields in the plate circuit, 

causing a change of the resonant frequency. 

d. The metal portion of the ring is the equiva- 

lent of a shorted turn and therefore reduces 

the effective inductive reactance of the tuned 

circuit as the ring is moved towards the point 

of maximum magnetic field (away from the 

plate, towards the shorted end of the line) and 

the resonant frequency is raised. The dielec- 

tric portion of the ring affects the electric field. 

When the ring is moved toward the point of 

high electric field the capacitive reactance is 

decreased, causing the effective capacity to in- 

crease, and the resonant frequency is lowered. 

e. Local oscillator tube V505 provides the 
amplification for the feedback voltage to sus- 
tain oscillation. Loop coupling is used to feed- 
back regenerative energy from the plate tuned 

section to the cathode circuit. The loops are 
located at points of high magnetic field inten- 
sity. The tube elements are located at points 

of high electric field intensity and the mass of 
the elements themselves make up a part of the 

tuned circuit. The elements are very closely 

spaced to reduce the transit time within the 

tube. Interelectrode capacity between the ele- 

ments is low, because of the small surface areas 

of the elements. The lead inductance of the 

elements is also minimized by providing large 

conducting surfaces which are disk-shaped and 

connect the tube elements to the circuit through 

multiple spring contacts. The cathode element 

is capacitively coupled to the outer cathode shell 

by a dielectric material. The cathode is heated 

and provides the tube current. The outer 

cathode shell which connects to the tuned cir- 

cuit is effectively connected to the cathode ele- 

ment through the low capacitive reactance 

when the RF oscillations exist. To enable the 

cathode to respond to signal variations, it is 

raised above RF ground potential by R535, a 

1,000-ohm resistor. Signal variations in the 

cathode circuit are amplified by the tube, which 

functions as a grounded grid amplifier and a 

fractional part is fed back from the plate circuit 

to the cathode by the coupling loop. Capacitor 

C531 provides the RF connection between the 

plate of V505 and Z511. The plate returns 

through a length of lead wire that has sufficient 

inductance to be an effective plate load at the 

RF frequency. The lead connects to terminal 

board E502 and at this point C522 and L504 

form a filter network to the +300-volt supply. 

The cathode circuit returns through R521 and 

R535 to —150 volts. The voltage drop across 

these resistors because of tube current, places 

the cathode close to 0-volt de with reference 

to ground. Capacitor C534 functions as a filter 

capacitor in conjunction with R521 which aids 

in maintaining a steady dc. Because of the 

distant location of C534, the resistance and in- 

ductance of its leads reduces the effective by- 

passing necessary at the junction of R531 and 

R535. It is therefore necessary to use a smaller 

capacitor, C535, as an RF bypass close to R531. 
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f. The filament supply for V505 is from the 

+27-volt power supply. Oscillator stability re- 
quires a constant temperature cathode and in 

turn a regulated power supply. Current regu- 

lator TY501 has a positive resistance coefficient. 

Normally the current through TY501 causes a 

voltage drop which provides the proper voltage 

and current for V505, providing that the +27- 
volt supply does not vary. A slight decrease in 

supply voltage causes the current through 

TY501 to decrease a fractional amount. The 

resistance of TY501 decreases and the voltage 

drop across it decreases; this results in an al- 

most constant supply voltage to the filament of 

V505. A supply voltage rise would cause an 

opposite effect: the voltage rise causes the re- 

sistance of TY501 to increase and the higher 

voltage drop across TY501 causes the filament 

voltage of V505 to remain constant. Resistor 

R507 is a metering resistor with test points 

TP501 and TP502 connected at either end. 
The resistance of R507 is of the same value as 

the filament shunted by R536. The voltage 

drop measured across R507 is a direct indica- 
tion of the voltage across the filament. The 
speed of response of TY501 is not sufficient to 

handle sudden fluctuations from the +27-volt 

supply and therefore requires the use of L501 
and C508 as a filter network. 

g. Output from the local oscillator is pro- 
vided through two coaxial connections. Cou- 
pling loops located at points of high magnetic 

field intensity within Z511 pick up the gen- 

erated local oscillator signals. One couples 
through J517 and cable W501 to coho mixer 

assembly RF502, and the other through J518 

and cable W504 to local oscillator injector as- 

sembly RF503A. 

Section Ill. 

57. Local Oscillator Injector RF503A 
(fig. 26) 

a. Local oscillator injector RF503A is a rigid 

coaxial section of transmission line which com- 

bines the local oscillator signal with the re- 

ceived signals. The received signal input end 

connects directly to the output connector of 
tr cavity A 517. Received signals are picked 

up by a coupling loop in the tr cavity and 

50 

56. Tuning Motor B502 
(fig. 25) 

Tuning motor B502 is controlled by L. O. 
MOTOR tuning switch S613A, located on the 

front panel of the indicator unit. The opera- 
tor tunes the local oscillator by observing the 

ringtime on the A-scope when an echo box is 

connected to R.F. TEST jack J501 or by tuning 

for maximum target returns on the A-scope. 

Connection between tuning motor B502 and 

tuning switch S613A is made by interconnect- 

ing cables through the power supply unit. The 

operating voltage of B502 is approximately 

6 volts. Limit switches $502 and S503 are nor- 
mally closed until the actuator reaches either 

limit. When S613A is switched to the INC 

position, B502 is connected in parallel with 
R518. Approximately 21 volts is dropped 
across R519 and about 6 volts across the par- 
allel connection of B502 and R518. The motor 

turns until the limit is reached, at which time, 
limit switch S502 is opened by the actuator 

which is connected to the motor shaft through 

the gear reduction. When S613A is switched 

to the DEC position, then B502 parallels R519 

and the motor turns in the opposite direction. 
When the limit is reached, the actuator opens 

limit switch $503 so that power is disconnected 
and the motor stops turning. Tuning motor 
B502 does not operate when S613A is in the 

OFF position because the +27 volts de supply 

is disconnected from the circuit. The actuator 

which is connected to B502 through the gear 

reduction also positions the tuning ring within 

Z511 when the tuning motor operates. Con- 

nected on either side of B502 are capacitors 

C519 and C520, which function as electrical 

noise filters when the motor is operating. 

SIGNAL MIXER AND PREAMPLIFIER CIRCUITS 

propogate straight through the lower rigid 

coaxial line of RF503A to J514. 

b. The local oscillator signal is coupled from 
J518 of Z511, through flexible coaxial cable 

W504 to local oscillator input J515 of RF503A. 
A disk type resistor R525 is located at coaxial 

junction of P515 and J515. The value of R525 

is 50 ohms and its function is to te-minate 

coaxial cable W504 and prevent reflections from 
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the tr cavity that may detune the local oscilla- 

tor. When the tr tube in cavity A 517 arcs, it 

presents an electrical short circuit at the pick- 

up loop. The electrical length from the pick-up 
loop to J515 is an odd multiple of a quarter 

wave length and therefore will present a high 

impedance at J515. The high impedance is 

paralleled by R525 and the effect of the reflec- 

tions is prevented from traveling back along 

coaxial cable W504 and being coupled into the 

tuned plate section of Z511. Without R525 the 

reflection could cause a reactance to be intro- 

duced into the tuned section, causing it to 

change frequency. Serious consequences would 

then result from instability, especially when 

operating in the mti mode. When the tr tube 

in cavity. A 517 is not arcing, R525 functions 

simply as an attenuator for the local oscillator 

signal and for the fractional amount of RF 

signal that may couple from the main line. 

The output from the local oscillator is many 

times greater than necessary even though at- 

tenuated by R525. The local oscillator signal 

is coupled by a sliding contact sleeve to the 

coupling probe. The coupling adjustment on 

top of RF503A adjusts the degree of coupling 

of the local oscillator signal which is capaci- 

tively coupled from the coupling probe into the 

main line. The coupling adjustment is made 

while observing the TEST METER M501 when 

in the SIG position. The adjustment is made 

until the meter is at midposition (on the red 

line) which indicates that sufficient local oscil- 

lator power has been coupled into the main line 

so that signal mixer crystal CR503 can operate 

in the linear portion of its characteristic curve 

and thus provide the highest conversion effi- 

ciency. 

c. The combined output of RF503A includes 
the signal frequency and the local oscillator 

frequency which is 60 megacycles higher than 
the signal frequency. The output of RF503A 

is provided through J514. Coaxial cable W503 

connects the output of RF503A to harmonic 

filter assembly Z509 and signal crystal mixer 

CR503. The length of W503 is very impor- 

tant when considering the noise figure of the 

receiver. The noise generated in the receiver 

is a fixed amount, therefore every attempt is 

made to provide maximum signal input to the 

first stages of the IF amplifiers to obtain opti- 

mum performance. When the local oscillator 

and signal frequencies heterodyne at the signal 

mixer, a 60-megacycle signal component is 

generated. The local oscillator frequency is 

60 megacycles above the signal frequency and 

it also heterodynes with the generated 60 mega- 

cycles, which results in an image frequency 60 

megacycles higher than the local oscillator fre- 

quency. During this process, power is ex- 

tracted from the 60-megacycle IF signal and 

results in a poorer receiver noise figure. The 

image signal frequency will travel back through 

Z509, W508, RF5038A and into tr cavity A 517, 

where it reflects and travels back again to crys- 

tal mixer CR503. Again heterodyning action 

will take place between the local oscillator fre- 

quency and the image signal frequency (120 

megacycles above the signal frequency) which 

results in a new 60-megacycle component. If 

the total distance traveled by the image signal 

causes the return to produce a new 60-mega- 

cycle component which is out of phase with the 
original 60-megacycle IF signal, an additional 

loss is experienced because of cancellation. The 

critical length between CR503 and A 517 causes 

the image frequency to return in phase so that 

its resulting 60 megacycles is reinforced instead 

of canceled. 

d. The output of RF503A is from J514 
through coaxial cable W503 to harmonic filter 

Z509 and includes the signal frequency and the 

local oscillator frequency. 

58. Harmonic Filter Z509 
(fig. 27) 

a. Harmonic filter assembly Z509 includes a 

coaxial adapter (E558), harmonic filter (Z509), 

crystal holder (E527), signal crystal (CR503), 

and adapter (J512). 

b. Coaxial adapter E558 serves to connect 

coaxial line W503 to the filter assembly because 

the connectors are of a different size and shape. 

c. The actual filter assembly provides attenu- 

ation to the harmonic frequencies generated by 

the transmitter. The pre-tr and tr tubes (V503 

and V504) operate efficiently enough to sup-. 

press the fundamental transmitter frequency 

but the additional rf power of the harmonic 

frequencies is capable of shortening the life of 

signal mixer CR503. The filter consists of two 

sections of waveguide connected against each 

other along the wide dimension. The signal 

input is into the center of the side dimension 
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Figure 26. 

of the waveguides, with the center conductor 
of the input coaxial line passing through both 

waveguide sections at right angles to the direc- 

tion of the propagation of the waveguides. 

The dimensions of the waveguides are specifi- 

cally made to provide electrical characteristics 
so that received signal and the local oscillator 

frequency fall into the waveguide cutoff region. 

The harmonic frequencies on the other hand 

excite the waveguide and propagate from the 

center conductor of the coaxial line towards 

the ends of the waveguide where the energy is 

absorbed by resistor cards. This method pro- 

vides at least 20 db attenuation to each of the 

harmonic frequencies while the signal and local 
oscillator frequencies pass virtually unaffected. 

Two matching disks are provided, one in each 

waveguide section. The matching disks are a 

part of the center conductor of the coaxial line 
and their size determines the impedance match 
through the waveguide section. The imped- 
ance match at the fundamental frequencies is 

nearly perfect, having a standing wave ratio of 

about 1.05 throughout the frequency range of 

1,220 to 1,350 megacycles. 

d. The signals that pass through the wave- 

guide sections are fed into crystal holder E527. 

The center conductor of E527 is supported by 

a quarter wave stub at one end and has crystal 

CR503 connected to the other end. The local 

oscillator and signal frequencies heterodyne at 
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B. SCHEMATIC EQUIVALENT 
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Local oscillator injector RF503A. 

CR503 and generate a 60-megacycle component 

signal. 

e. The 60-megacycle signal is coupled through 

coaxial adapter J512 through coaxial line W502, 

to signal IF preamplifier chassis U221. 

59. Signal IF Preamplifier U221 
(figs. 29 and 30) 

The signal IF preamplifier consists of three 
preamplifier stages located on a subchassis in 

the receiver-transmitter unit. The input stage 

is a low noise circuit which employs a dual 

triode. Provisions are also made to monitor 

the signal crystal current. The amplified sig- 

nal from the low noise first preamplifier stage 

is applied to pentode amplifiers V224 and V225 
for further amplification. The signal is am- 
plified to a sufficient level so that it may be 

coupled through a coaxial line to 60-megacycle 

signal IF amplifier Z301 which is located in the 
signal comparator. 

60. First Signal IF Preamplifier V232 
(figs. 28 and 29) 

a. The 60-megacycle output from signal mixer 

crystal CR503 is coupled into the IF preampli- 

fier through J224. The rectified component of 

the RF which is derived from local oscillator 

power is conducted through the primary of 

T223 and the filter network consisting of L224, 

L225, C222, C223, and C224. The rectified and 
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filtered local oscillator power is then coupled 
through J225 and P225, through a shielded line 
to TEST SELECTOR 8506. When S506 is in 
the SIG position, test meter M501 is connected 

in series with the crystal current loop and gives 

an indication that the local oscillator is func- 

tioning. Resistor R510 is rated at 100 ohms 

and has 1 percent tolerance. It functions as a 
meter shunt resistor so that the local oscillator 

power injected through RF503A will indicate 

a red line reading on M501. A de return path 

for the crystal current is also provided by R510 

when S506 is switched to another function. 

Capacitor C511 provides an RF bypass path to 

protect M501. 

b. Usable reception of extremely weak sig- 

nals depends on their being discernible above 

noise rather than upon the amplification pro- 

vided by the receiving system. The noise con- 

tributed by the first and second vacuum tube 

amplifiers is most troublesome; therefore low 

noise triode-connected amplifiers are used 

rather than pentodes. First signal IF pre- 

amplifier V232 consists of a dual triode which 

functions as a cathode-loaded power amplifier 

and a grounded grid amplifier. This circuit 

arrangement provides for a low noise amplifier 

which has good stability. The 60-megacycle 

signal frequency is coupled through impedance- 

matching transformer T2283. The secondary 

of T223 and the input grid to cathode capaci- 

tance (C,,) form a resonant circuit at 60 mega- 

cycles. The first triode section of V232 func- 

tions as a cathode-loaded amplifier. Inductor 

L227 functions as the load impedance of the 

first section and the input network for the 

second section. The common cathode bias net- 

SIGNAL 
INPUT 

A. EQUIVALENT CIRCUIT 
SHOWN WITH SIGNAL 
CARRYING COMPONENTS nae = 

T223 ree 

SIGNAL 

INPUT 

work consists of R259 and C225 and is an effec- 

tive short circuit at 60 megacycles. The grid 
to plate capacitance (C,,) provides a feedback 

path that may cause the stage to oscillate. Ex- 

amination of the equivalent circuit (fig. 28) 

shows a triode amplifier which has an inductive 
load impedance (L227). When an inductive 
load is used, the C,, feedback causes a negative 

resistance effect in the amplifier (regenerative 

feedback) and therefore the stage could oscil- 

late. Neutralizing inductor L245 is connected 

in parallel with C,, so that at the operating fre- 

quency, the inductive reactance of L245 cancels 

the capacitive reactance of C,,. The amplified 
signal across L227 is divided across two reso- 

nant circuits, L245 and C,,, and T223 secondary 
and C,,, which are equivalent to a resistive 

voltage divider. The feedback is degenerative 

and opposes the input signal, therefore the gain 

of the first section is reduced to near unity. 

‘This circuit arrangement provides excellent 

stability for the amplifier and maintains a con- 

dition of minimum noise. The use of resistive 

components in the signal carrying channels is 

avoided because of additional noise generated. 

c. The second triode section of V232 operates 

as a grounded grid amplifier. The grounded 

control grid functions as a shield which reduces 

feedback. The signal developed by the first 

triode section appears across L227 and drives 

the second triode section. Plate load imped- 

ance Z221 consists of L229 shunted by R228 to 

broaden the bandpass of the stage. Resistor 

R261 and capacitor C229 function as a de- 

coupling network. Capacitor C228 provides an 

rf ground for the plate of the first triode sec- 

tion and R260 with C228 function as a de- 

B. EQUIVALENT CIRCUIT 
SHOWN WITH SIGNAL 
CARRYING COMPONENTS 
REARRANGED TMII67-35-56 

Figure 28. Neutralized signal IF preamplifier V232, equivalent circuits. 
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NOTE: 
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Figure 29. 

coupling network. Resistor R230 and capacitor 

C227 function as a decoupling network which 

isolates V232 from the +150-volt supply. The 

signal output from V232 is applied to the 

second signal IF preamplifier V224. 

61. Second and Third Signal IF Preampli- 
fiers V224 and V225 

(fig. 30) 

a. The output from the first preamplifier 

stage is applied through coupling capacitor 

C230 to the grid of V224. The input network 
includes L230 which tunes with the distributed 

capacity to 60 megacycles. Tube V224 is a 
high gain pentode operated as a conventional 

IF amplifier. The amplified signal is developed 
across plate load Z222 which consists of L231 

+150V 

ie lee eee! 

TO 2D SIGNAL 
IF PREAMPLIFIER 

TEST SELECTOR 

$506 

TMII67-35-46 

First signal IF preamplifier V232, simplified schematic diagram. 

and R232. The plate load tunes to 60 mega- 

cycles with less gain and broader bandwidth 

by the use of R232. Cathode bias is obtained 

by the use of C231 and R231. The output of 

V224 is coupled through C235 to the grid of 

V225. 

b. Inductor L232 and the distributed capaci- 

tance due to the physical layout of components, 

form a parallel resonant circuit at 60 mc. The 

60-megacycle signal is amplified by 3d signal. 

IF amplifier V225 and the amplified signal is 

developed across the primary of plate trans- 

former T222. Additional loading is provided 

by R236 to increase the bandpass. The output 

is taken from the secondary of T222 and 

coupled through coaxial connections J227 and 
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Figure 380. 

P227, to the I.F. OUTPUT connector J507. 

From J507 the 60-megacycle IF signal is cou- 

pled through a coaxial cable to the signal IF 

amplifier stages in the signal comparator. The 

Section IV. SIGNAL 

62. General 
(figs. 31 and 32) 

The 60-megacycle IF signal frequency from 

preamplifier U221 is coupled from J507 on the 

front panel of the receiver-transmitter to J306 

on the front panel of the signal comparator. A 

coaxial cable carries the signal from J306 to 

J307, the input to Z301. Six stages are in- 

cluded in Z301 (three amplifiers and three 
limiter amplifiers) for proper phase detection 

when operating in the mti mode. The 60- 

megacycle IF amplifier has a resultant band- 

pass approximately 1 megacycle wide, which 

can be varied through a range of 5 megacycles 

centered around the IF carrier frequency. The 

amplifier includes five fixed tuned stages that 

have a nominal center frequency of 60 mega- 

cycles. 

63. First, Second and Third Signal IF 
Amplifiers 

(figs. 31 and 220) 

a. First Signal IF Amplifier V301. The 

60-megacycle signal is transferred through a 

coaxial line from J307 to the input of V301. 

The 47-ohm resistor (R301) terminates the 
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Second and third signal IF preamplifiers, simplified schematic diagram. 

cathode bias network consists of C236 and 

R234. Isolation between the stages and from 
the +150-volt supply line is accomplished by 
the use of R233, R237, C232, C234, and C239. 

AMPLIFIER CIRCUITS 

coaxial line. Capacitor C302 couples the sig- 

nal into V301. The grid returns through grid 

resistor R332 to a bias supply derived from the 

—150-volt power supply and a variable voltage 

divider which is illustrated in figure 220. The 

bias supply filter network consists of C303, 

C314, C342, R303, and R311. The signal is 

amplified by V301 and the output signal is 

developed across plate load L302 which tunes 

to approximately 60 megacycles. Capacitors 

C301, C309, and C313 function as screen grid 

bypass capacitors and are physically located 

close to the tube socket to reduce the effect of 

wiring lead inductance. Cathode bias for all 

three stages is derived by the individual RC 

networks consisting of C307 and R302, C310 

and R306, and C315 and R808. 

b. Second Signal IF Amplifier V302. Ca- 

pacitor C308 couples the signal into the second 

signal IF amplifier (V302) input circuit. The 

band pass of second signal IF amplifier is ap- 

proximately 1 megacycle and is tunable through 

a range of about 5 megacycles centered around 

60 megacycles. The 60-megacycle IF amplifier 

Z301 has a normal bandpass of 5 megacycles, 

limited only by the tuned circuit of V302. The 



grid circuit of V302 includes L301, C306, and 
variable capacitor C305. The input tuned cir- 

cuit of V302 has a high Q compared to the 

other stages and this produces the 1-megacycle 

response. Capacitor C305 is normally adjusted 

for maximum received signal. Because of the 

high Q tuned grid circuit, there is a possibility 

of the circuit oscillating. This possibility is 

suppressed by the addition of R304 in series 

with the control grid. The amplified signal is 

developed across plate load resistor R305 and 

applied to third signal IF amplifier V303. 

c. Third Signal IF Amplifier V303. The sig- 

nal is applied through C312 to the grid of third 

signal IF amplifier V303. The input circuit is 

tuned to a nominal 60-megacycle frequency by 

L308 and the distributed capacitance. The 

gain of V303 is varied by adjusting the bias 

supply voltage. The amplified signal is devel- 

oped across plate load R307. Resistor R309 

provides isolation between the first two ampli- 

fier stages and the other circuits of Z301 which 

use the same supply voltage. The amplified 

signal is applied to fourth signal IF amplifier 

V304. 

L302 
!2UH 

IST SIG IF 
AMPL 
v30l 
5654 

J306 P307 J307 

FROM 51 
SIGNAL IF 

PREAMPLIFIER R301 

C30! C305 
1,500 45-25 

64. Fourth, Fifth, and Sixth Signal IF 
Amplifiers 

(fig. 32) 

a. The need for limiting the received signals 
is necessary because all signals vary in ampli- 

tude from pulse to pulse. The amplitude varia- 

tions may be due to various factors such as 

moving components on a stationary target and 

antenna movement. Strong ground clutter 

returns at varying amplitudes due to antenna 

motion and gives a false indication of target 

motion. The fourth, fifth, and sixth signal IF 

amplifiers function as limiters to reduce the 

false indications caused by very strong clutter 

signals. Some clutter signals return without 

sufficient amplitude to go into the limiting re- 

gion and they may give undesirable results. 

The effect of the varying amplitudes of the 

echo from pulse to pulse will be more readily 

apparent when analyzing the function of the 

phase detector. 

b. The control grid circuits of the limiter 

stages return to individual voltage dividers 

which provide approximately +50 volts. The 

R309 
47 

+150V 

2D SIG IF 
AMPL 
v302 
5654 

C306 c309 
27 1,500 

TO 4TH SIG 
IF AMPLIFIER 

3D SIG IF 

AMPL 
V303 

5654 

470 

TO IF 
AMPL GAIN 
CONTROLS 
(NOTE 1) 

NOTES: 
|. FOR CONNECTIONS TO IF AMPLIFIER 

GAIN CONTROLS REFER TO METER 

AND MODE SWITCHING COMPOSITE 

SCHEMATIC DIAGRAM. 
TMII67-35-48 

Figure 31. First, second, and third signal IF amplifiers, simplified schematic diagram. 
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cathode bias networks develop sufficient voltage 

to maintain the tubes with a small amount of 

bias. The voltage drop across the plate load 

and cathode resistors of V304 and V305 causes 

the cathode-to-plate voltage to be about 75 volts, 

while the cathode-to-screen-grid voltage is 

about 100 volts. The plate of V306 returns to 

+150 volts through the primary of T301 in the 

phase detector circuit which results in a 

cathode-to-plate voltage of 100 volts. The static 

voltage conditions cause saturation and cutoff 

limiting with the application of a 3-volt peak- 

to-peak signal voltage to any of the three 

limiter stages. 

c. The control grid of V304 returns to a 

+50-volt point through voltage divider R312 

and R310. Capacitor C318 functions to bypass 

RF. Cathode bias is developed by the use of 

R314 and C320. Capacitor C319 functions as 
the screen grid bypass. Similar networks are 

also provided for V305 and V306. 

d. The signal from third signal IF amplifier 

V303 is applied through C317 to the control 

4TH SIG 
IF AMPL 
V304 
5654 

C317 

FROM 3D 24 
SIG IF 

AMPLIFIER 

CAPACITANCES ARE IN UUF. 

5TH SIG 

IF AMPL 
V305 
5654 

grid of V304. Inductor L304 and the distrib- 

uted capacitance are tuned to the IF carrier. 

Resistor R313 functions as the plate load. 

Identical components are used for fifth signal 

IF amplifier V305. The output of V305 is 

coupled through C327 to the grid of V306. 

The function of V306 is similar to the previous 

stages, with the difference being a larger value 

of L306 in the grid circuit. This is necessary 

to tune to the correct frequency because the in- 

put capacitance is less than the previous stages. 

The input capacitance is in part determined by 

the feedback through the tube plate-to-grid 

capacitance as a result of the plate load imped- 

ance. Although not as critical when using a 

pentode amplifier, the input capacitance de- 

creases with a decrease in plate load impedance. 

In the case of V306, the plate load consists of 

R321 and the primary of T301 and C332, which 

provides a lower plate load impedance than 

V304 and V305 resulting in less input capaci- 

tance. 

+150V 

R321 
3,300 

6TH SIG TO PHASE 

IF AMPL DETECTOF 

V306 
5654 

TMII67-35-49 

Figure 32. Fourth, fifth and sixth signal IF amplifiers, simplified schematic diagram. 
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Section V. COHO MIXER AND PREAMPLIFIER CIRCUITS 

65. Coho Mixer Assembly RF502 
(fig. 33) 

a. Coho Mixer Assembly RF502 is an irregu- 

larly shaped coaxial assembly that provides for 

combining the transmitter signal pulses with 

the local oscillator signal. It is broadly tuned 

and responds well throughout the operating 
frequency band. 

b. The transmitter pulses are coupled through 

a small aperture in the wall of the outer con- 

ductor of RF501 and are attenuated about 60 

db. The energy enters into a small cavity and 
excites the pick-up loop of RF502. 

c. The local oscillator signal which is 60 

megacycles higher than the transmitter fre- 

quency is coupled through flexible coaxial cable 

W501 to J510. A 50-ohm disk type resistor fits 

between P510 and J510 and is used to terminate 

the coaxial cable, thereby reducing reflections 

back toward the local oscillator. The energy is 

fed through a short length of rigid coaxial sec- 

tion of RF502 and applied through a contact 

sleeve to the center conductor of the coupling 

COHO MIXER 
OUTPUT 

FROM LO 

PSII 

P510 a ae 
J5II 

DISK 
RESISTOR 

50 

COUPLING 
ADJUSTMENT ERSGE 

CONTACT 
SLEEVE 

RF INPUT 
SAMPLE OF 
TRANSMITTER 
PULSE 

PROBE 

A. COHO MIXER 
ASSEMBLY 
RF502 

Figure 38. 

probe. The coupling adjustment positions the 

coupling probe for the degree of coupling de- 

sired. The local oscillator energy is capacitive- 

ly coupled and combines with transmitter pulse 

energy. 

d. Both transmitter and local oscillator sig- 

nals propagate towards crystal mixer CR502. 

A quarter wavelength supporting stub (metal- 

lic insulator) is employed which provides a 

rigid support and maintains the inner conduc- 

tor properly centered. 

e. Coho mixer CR502 is inserted at the out- 

put end of RF502 and is in series with the 

center conductor of the coaxial lines. 

f. Coaxial adapter J511 connects to RF502 

and holds CR502 securely in place. The other 

end of J511 connects with P511 on coaxial cable 

W507. 

g. The output of CR502 is 60 megacycles, the 

result of heterodyning the transmitter and local 

oscillator frequencies. Coaxial cable W507 

couples the 60-megacycle frequency into coho 

IF preamplifier U502. 

W507 TO COHO IF 
PREAMPLIFIER 

ADAPTER 
J5t1 

COHO MIXER 
CRYSTAL 
CR502 
IN2I1B 

B. SCHEMATIC 
EQUIVALENT 

TM1167-35-50 

Coho mixer assembly RF502. 

59 



66. Coho Preamplifier U502 
(fig. 34) 

Coho preamplifier U502 consists of a single 

stage 60-megacycle amplifier located on a sub- 

chassis in the receiver-transmitter unit. The 
60-megacycle signal is amplified to well above 

the noise level so that it can be more easily 

applied through a coaxial. cable to coherent 

oscillator Z350 which is located in the signal 

comparator. 

a. The output from coho mixer crystal CR502 

is a pulsed 60-megacycle signal frequency and 

a rectified de component resulting from the 

continuous output of the local oscillator. The 

crystal current is filtered by L507, C526, C532, 

and C513. TUNING METER M601 located on 

the front panel of the indicator unit provides a 

COHO IF 

PREAMPLIFIER 

V506 
bigaas tp 5654 

FROM | Sd 
COHO L505 R532 MIXER. ! pane toe 

1 
2,7 

C526 
1,500 

C532 
4,700 

J508 P508 W8 P408 J408 

NOTE: 

J407 

constant monitor of the coho crystal current 

which is applied through interconnecting cables 

from the receiver-transmitter unit through the 

power supply unit to the indicator unit. A 

center (red line) reading of M601 indicates the 

correct amount of local oscillator power applied 

to the mixer. Resistor R450 serves as the 

meter shunt for M601 and is located in the 

power supply unit. Capacitor C603 serves as 

the meter bypass. 

b. Test meter M501 which is located on the 

front panel of the receiver-transmitter unit 

provides an indication of the coho crystal cur- 

rent when TEST SELECTOR S506 is switched 

to the COHO position. 

c. The pulsed 60-megacycle signal from coho 

mixer CR502 is coupled through a coaxial line 

C530 apse 
47 ; ° J5I9_ P5I9 %503 [COHO SYNCH. 

' ' : i , TO FIRST COHO L503 
i IF AMPLIFIER 

TEST METER 
MSOI 

O-IOOUA 

\ee i 

468 7. [TEST SELECTOR 
38 2A $506 

paar > 

2B 3A 
A COHO 1B sav44 

P407 W4 J6OI P60I 

UNLESS OTHERWISE INDICATED, 
CAPACITANCES ARE IN UUF TMII67- 35-5! 

Figure 34. Coho preamplifier U502, simplified schematic diagram. 
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to J521, the input jack to coho IF preamplifier 

V506. The input circuit of V506 is a self in- 

ductance coupled pi network that consists of 

L506, L505, and L508. This type of input cir- 

cuit arrangement introduces some attenuation 

but has the added advantage of providing the 

stage with an improved noise figure and an 

almost flat bandpass approximately 5 mega- 

cycles wide. The plate load consists of L509 

which tunes with the distributed capacitance 

and is shunted by damping resistor R532 to 

maintain proper bandwidth. The screen grid is 

bypassed by C528 which also functions as part 

Section VI. 

67. General 

The signal from the coho IF preamplifier is 

a 60-megacycle frequency, 2 microseconds in 

duration, and is recurrent at 2,500 microsecond 

intervals. The signal exactly represents the 

phase of the transmitted RF pulses, it is used 

to synchronize (phase lock) coherent oscillator 

V353 at 2,500 microsecond intervals. The out- 

put of the coho is a 60-megacycle continuous 

wave which is maintained in a reference phase 

relative to transmitter RF frequency. The 

coho 60-megacycle reference frequency is re- 

quired for the phase detector circuit to produce 

an indication of a moving target when oper- 

ating in the mti mode. The coho functions 
only when OPERATION SELECTOR switch 

$2354 is in either MTI or COHO ADJUST 

positions. When in the NORMAL position, the 

coho (V353) is disabled by removing the screen 

grid voltage through the action of mode selector 

relay K3301 located in the video balancer and 

amplifier circuits of the signal comparator unit. 

68. First, Second, and Third Coho IF 
Amplifiers 

(fig. 35) 

a. First Coho IF Amplifier. The 60-mega- 

cycle pulses from the coho preamplifier sub- 

chassis in the receiver-transmitter unit are 

coupled through a coaxial cable to J304 on the 

front panel of the signal comparator unit. A 
short coaxial cable carries the signal to sub- 

chassis Z350 which contains the coho and the 

amplifiers. The coaxial cable is terminated by 

R350 which matches the coaxial line and pre- 

of a decoupling network with R533. Cathode 

bias is provided by R531 which is bypassed by 

C527. Capacitor C529 bypasses the filament 

supply line of V506. 

d. The amplified signal is coupled through 

C530 which blocks the de from the output cir- 

cuits. Inductor L510 tunes to 60 megacycles 

with the distributed capacitances of the circuit 

and the input capacitances of the coaxial line. 

A short length of coaxial line carries the signal 

from J519 on the subchassis to COHO SYNC 

jack J503 on the front panel of the receiver- 

transmitter unit. 

COHERENT OSCILLATOR Z350 

vents reflections. The cathode of the first coho 

IF amplifier returns through a variable voltage 

divider network which consists mainly of R351 

and COHO SYNC adjustment R2355. Capaci- 

tor C370 and L350 function as a filter network. 

When R23855 is in the full counterclockwise 

position, the cathode of V350 returns to a +10- 

volt source which will cause the tube to cut off. 

Varying R2355 will cause V350 to conduct and 

the stage gain will be adjustable. When R2355 

is in the full clockwise positi..i, cathode bias 

resistor R352 is returned to de ground potential 

and V350 operates with maximum gain. The 

function of COHO SYNC adjustment R2355 is 

to control the amplitude of the synchronizing 

signal voltage which is applied to V353, the 

coherent oscillator. Capacitor C351 is the cath- 
ode bypass capacitor and C350 functions to 

bypass the screen grid. Very little amplifica- 

tion is realized by V350 and serves merely as a 

means of controlling the amplitude of the sig- 

nals and to transfer them from J350 to the 

following stage. The signal developed across 

plate load R353 is coupled through C352 to the 

following stage. 

b. Second Coho IF Amplifier. The applied 

signal to V351 is developed across L351 which 

tunes to 60 megacycles with the input circuit 

capacitance. Resistor R355 and C354 make up: 

the cathode bias network and C358 is the screen 

grid bypass capacitor. The amplified signal 

developed across R354 is coupled through C355 

to the following stage. 

c. Third Coho IF Amplifier. The signal is 

amplified by V352 with L352 being tuned to the 
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Figure 35. First, second, and third coho IF amplifiers, simplified schematic diagram. 

applied frequency by the distributed capaci- 

tances of the input circuit. The amplified sig- 

nal of V352 is developed across plate load 

impedance L353 and is applied to the coho as a 

synchronizing voltage. Resistor R356 and 

C357 serve as the cathode bias network and 

C356 bypasses the screen grid. 

69. Coho V353 and Coho Amplifier V354 
(fig. 36) 

a. Coho V353. The coho is a stable 60- 

megacycle electron-coupled oscillator which is 

synchronized by the applied 60-megacycle pulses 

(2 microseconds in duration and occurring at 

2,500 microsecond intervals). Its output is 

continuous and is amplified and applied to the 

phase detector. The synchronizing signal is 

coupled into the circuit through C359. The 

grid leak bias network consists of C362 and 

R357. The tuned circuit consists of L354, 

C360, C3861 and additional capacitive compo- 

nents which are the grid to cathode capacitance 

of V353 and the capacitance existing across 

L355, from the cathode to ground. These two 

additional capacitive components form a ca- 

pacitive voltage divider across the tuned circuit 

which gives rise to a Colpitts type oscillator. 

Inductor L355 has across it a total capacitance 

of about 1.8 micromicrofarad (yuf) and it reso- 

nates to a frequency lower than 60 megacycles. 
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At the operating frequency of 60 megacycles, 

the cathode circuit appears capacitive since the 

capacitive reactance across L354 is less than 
the inductive reactance. The tuned circuit 

which includes L354 is a high Q tank having a 

high C to Lratio. Feedback is provided by the 

capacitive divider grid to cathode and cathode 

to ground capacitances. The cathode to ground 

capacitance charges during the positive alter- 

nations when V353 conducts and during the 

negative alternation replenishes the energy in 

the grid tank circuit. During the positive alter- 

nations, grid current flows and charges the grid 

leak bias network which provides continuous 

operating bias for the oscillator. Capacitor 

C361 is variable so that the 60-megacycle oscil- 

lator frequency may be selected. Slight drift 

that may occur between the transmitter syn- 

chronizing pulse intervals is negligible and the 

coho is easily brought back in phase. The de 

return path for V353 is provided through L355. 

Capacitor C864 functions as the oscillator ac 

plate return as well as the screen grid bypass. 

COHO LEVEL control R23851 selects the value 

of de voltage applied to the screen grid and 

therefore the magnitude of the oscillator out- 

put. The de supply voltage is obtained through 

mode selector relay K3301 and is applied only 

when the OPERATION SELECTOR switch 

$2354 is in the MTI or COHO ADJUST posi- 

tion. COHO LEVEL control R2351 is adjusted 
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for a red line reading of TEST METER M2350 

which indicates the proper output level of 

coherent oscillator Z350. Resistor R359 and 

C369 provide filtering of the screen grid voltage 

supply. The 60-megacycle signal is electron- 

coupled through V353 and is developed across 

R358 the plate load. 

b. Coho Amplifier V354. The output of 

V353 is a cw 60-megacycle signal that requires 

some additional amplification because it has to 

be coupled through a coaxial line to the phase 

detector. Coho amplifier V354 serves as a 

buffer amplifier for V353. The signal is 

coupled into V354 through C363. The grid cir- 

cuit is tuned by L356 and the input capacitance. 

Section VII. 

70. General 

The phase detector is required when oper- 

ating in the mti mode to produce an indication 

of moving targets. The echo signals from the 

signal IF amplifier are combined with the co- 

herent oscillator signal and the phase difference 

between the two frequencies is detected. Mov- 
ing targets cause a phase displacement of the 

RF from pulse to pulse and therefore the ampli- 

tude and polarity of the detected video pulse 

will vary. Stationary targets cause the suc- 

ceeding echo returns to have the same RF phase 

difference between the IF signal and the co- 

herent oscillator signal. The resulting video 
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Coho and coho amplifier, simplified schematic diagram. 

Cathode bias is employed and R360 is bypassed 

by C366. The screen grid bypass capacitor is 

C365 and the +150-volt line is bypassed by 

C368. The amplified signal is generated across 

plate load L857 and coupled through C367 and 

L358 to J351 the coaxial output jack. Inductor 

L358 serves to introduce inductive reactance to 

cancel the capacitive input of the coaxial line. 

The coaxial line couples the signal to the phase 

detector circuit and the line is terminated by a 

100-ohm resistor (fig. 37). The input to the 

coaxial line at J351 appears as a very low im- 

pedance, which would load the output of V353 

very heavily and therefore the requirement for 

the additional stage. 

PHASE DETECTOR 

pulses have a relatively constant amplitude and 

the same polarity. When operating in the 

normal mode, the coherent oscillator is disabled 

and only a part of the detector circuit is active 

so that it functions as an amplitude modulation 

(am) detector. When operating in the normal 

mode, the detector provides only negative video 

pulses to the video amplifier stages. 

71. Phase Detector 
(figs. 37 and 38) 

a. The pulses from the signal IF amplifier 

are coupled through the primary of T301 to the 

secondary. The primary is a low Q tuned cir- 
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cuit that is tuned by C332 and responds to a 

wide frequency band centered around 60 mega- 

cycles. The secondary is tuned by C333 and 

the bandpass is broadened by R323. The coho 

signal is coupled through J308 and appears 

across R324 which functions to terminate the 

coaxial line. It is applied to the center tap of 

the secondary and is rectified by CR301 and 

CR302. The rectified output of CR301 charges 

C334 negative with reference to ground and 

that voltage is divided across R325 and R326. 

The rectified output of CR302 charges C335 

positive with reference to ground and that volt- 

age is divided across R327 and R326. Resistor 

R326 is common to both voltages developed by 

the coho signal. Since the voltages are of 

equal value but opposite polarity, the resultant 

voltage drop across R826 is zero. When the 

60-megacycle signal IF voltage is introduced 

into the secondary of T301, half of the second- 

ary voltage will aid the coho voltage while the 

other half will oppose. The net effect will be 

either a positive or a negative voltage devel- 

oped across R826 depending on the instantane- 

ous polarities of the coho and the signal volt- 

ages. For the phase detector to function 

properly, it is desired that the amplitudes of 

the applied coho and the signal voltages be 

approximately equal. This is accomplished by 

setting the COHO LEVEL R2351 and the 

IF AMP LEVEL R2350 for a center (red line) 

reading on TEST METER M2350 (fig. 220). 

b. Consider the instantaneous coho voltage 

across R324 to be positive with reference to 

ground. If the instantaneous signal voltage 

across the secondary of T301 is negative at the 

CR801 end and positive on the other end, then 

the coho and signal voltages would be aiding so 

that CR302 will conduct and increase the 

charge on C335. The coho voltage would be 

opposing the signal voltage so that conduction 

through CR301 is decreased and the charge 

across C334 is reduced. The resulting voltage 

drop across R326 will have an average positive 

value with reference to ground. If this phase 

between the coho and signal frequencies is 

maintained, the polarity across R326 will re- 

main positive. The maximum voltage devel- 

oped across R326 will be when the coho and 

signal voltages are exactly in phase. If the 

instantaneous coho voltage across R325 is neg- 
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ative with reference to ground and the instan- 

taneous signal voltage across the secondary of 

T301 is negative at the CR301 end, the result- 

ing voltage across R326 will be negative. The 

coho and signal voltage will be aiding so that 

CR301 increases conduction and increases the 

charge on C334 while they oppose, so that 

CR302 decreases conduction and also decreases 

the charge on C335. The signal frequency con- 

sists of 2-microsecond pulses at 60 megacycles; 

therefore, the comparison at the phase detector 

will produce 2-microsecond video pulses which 

will have an amplitude and polarity depending 

on the relative phase between the coho and sig- 

nal frequencies. A condition will exist when 

the two voltages are displaced either 90° or 

270° so that equal magnitudes of charge will 

accumulate across C334 and C335. The charges 
will be of opposite polarity so that the resulting 

voltage developed across R826 is zero. A mov- 

ing target will produce return signals that have 

a different phase from pulse to pulse; therefore 

the amplitude and polarity of the video pulse 

across R326 will change from pulse to pulse. 

The successive changes are compared in the 

video balancer and amplifier circuits and mti 

video pulses are provided for the indicator. 

Stationary targets always produce the same 

phase displacement from pulse to pulse and the 

comparison in the video balancer and amplifier 

circuit results in cancellation. The video pulses 

developed across R326 are coupled to 9-mega- 

cycle carrier oscillator V1355 for further 

processing to provide mti indications. 

c. When in the normal mode of operation, the 

coherent oscillator is disabled. The signal 

pulses coupled through T301 are rectified by 

CR3801 and normal video is developed across 

R325 and R326 with C334 being the filter capac- 

itor. During application of the 60-megacycle 

signal pulses, CR302 also conducts, charging 

C335 positive and develops a positive video 

pulse across R327 and R326. The voltages 
across R326 cancel, and thus make the avail- 

able video pulse voltage only that which is 

developed across R825. The negative video 

pulses are coupled through a shielded cable to 
normal video limiter V3306. 

d. When the coho is enabled to operate, 

CR3801 provides a rectified output which is ap- 

plied through voltage divider R2358 and R2363 

through TEST SELECTOR switch $2353 to 
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TEST METER M2350. The voltage divider is e. When the coho is disabled, the noise which 
fixed at a value calculated to produce a center is generated in the signal IF amplifiers is ap- 
(red line) reading on M2350 when the coho plied to an amplifier which raises the level to 
output amplitude is of the correct value. provide an indication on a meter. 
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Figure 37. Phase detector, simplified schematic diagram. 
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72. Noise Level Amplifier V307 
(fig. 39) ; 

a. The gain of 60-megacycle IF amplifier 

Z301 is adjusted by observing the indication of 

the relative noise level. The noise generated 

in the mixer and first few IF stages limits 

receiver sensitivity. A condition of too much 

IF amplifier gain will raise the noise to satura- 

tion level so that received signals would show 

no indication. A condition of too little gain 

would not only bring the receiver noise down 

to a very low level but medium power and weak 

echo signals would not respond. The proper 

gain of the IF amplifier has been calculated so 

that the noise level received from the phase 

detector is amplified and then rectified and ap- 

plied through a voltage dropping resistance to 

a meter which has a marked scale. Setting the 

IF gain control for center (red line) reading 

of the meter (with the transmitter off) auto- 

matically sets the gain for optimum. Besides 

adjusting the gain for the proper noise level, 

the average received signal amplitude is correct 

for application to the phase detector. 

b. The noise impulses from the phase detec- 

tor circuit are coupled through L307, which 

functions to isolate the input circuit capacity of 

FROM 
PHASE 
DETECTOR 
CIRCUIT 

Figure 39. 
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V307 from the phase detector and also provides 

for series peaking, because the noise impulses 

are usually high-frequency video. Series peak- 

ing is accomplished through the series reso- 

nance voltage rise across the input capacitance 

of V307. Cathode bias is employed and derived 

from R330 and C337. The screen bypass ca- 

pacitor is C836. The +150-volt supply line is 

bypassed by C340. The amplified noise im- 

pulses develop across plate load resistor R329 

and are coupled through C339 to the rectifier. 

Shunt rectifier CR303 conducts during positive 

alternations and presents a high impedance 

during the negative alternations. An average 

negative voltage is generated which is filtered 

by R331 and C341. When the TEST SELEC- 

TOR 82353 is in the (1) IF. AMPL LEVEL 

position, TEST METER M2350 indicates the 

voltage across C341. To obtain an indication 

on M2350, the OPERATION SELECTOR 

switch $2354 must be in the NORMAL posi- 

tion. When S2354 is in any other position 

except NORMAL, it short-circuits C341 and 

there is no indication on M2350. The stage 

gain of V307 and the losses of the coupling and 

filter network are set so that M2350 will indi- 

cate a center (red line) reading when the signal 

IF amplifier gain is properly adjusted. 
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NOTES: 
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Noise level amplifier, simplified schematic diagram. 



CHAPTER 5 

SIGNAL COMPARING SYSTEM 

Section I. 

73. General 

The signal comparing system makes moving- 

target indication (mti) possible in the mti 

mode of operation of the equipment. Video 

pulses representing both fixed and moving tar- 

gets are applied to the signal comparing system 

from the phase detector in the receiving 

system. 

a. The principal function of the signal com- 

paring system is to cancel echoes from fixed 

targets (ground clutter) in the mti mode of 

operation so that only video pulses representing 

moving targets are applied to the indicating 

system. For the radar operator to detect rela- 

tively small moving aircraft targets flying over 

terrain that causes relatively strong clutter pat- 

terns to appear on the indicators, the returns 

from fixed targets must be substantially can- 

celled. The efficiency of an mti system can be 

described in terms of subclutter visibility in 

units of decibels. If an equipment using mti 

makes it possible to detect a moving-target sig- 

nal which is 30 db weaker than the signal from 

the fixed target it is flying over, the subclutter 

visibility rating of the equipment is 30 db. 

b. The signal comparing system makes sub- 

clutter visibility possible by cancelling signals 

returned from fixed targets. Cancellation is 

accomplished by circuitry that delays the echoes 

from a transmitted pulse and compares them 

with the echoes from the following transmitted 

pulse. The echo pulses from the first trans- 

mitted pulse are delayed for a length of time 

equal to the pulse repetition time of the equip- 

ment. Inverted echo pulses from the following 

transmitted pulse (which are not delayed) are 

then compared with the delayed pulses so that 

the returns from fixed targets cancel and the 

returns from moving targets do not. Cancella- 

tion of fixed target signals is made possible 

because the returns from a fixed target (from 

GENERAL 

the same target but from successive transmitted 

pulses) appear as pulses of equal amplitude and 

of the same polarity in the successive input 

video signals to the signal comparing system. 

The returns from a moving target (from the 

same target but from successive transmitted 

pulses) vary in amplitude and polarity in the 

successive input video signals because the phase 

of the signals returning from a moving target 

changes with respect to the transmitted signals 

and therefore with respect to the coherent input 

to the phase detector which has the same phase 

as the transmitted signal. 

c. An important function of the signal com- 

paring system is to establish the pulse repeti- 

tion time of the equipment in all modes of 

operation except the normal (internal trigger) 

mode. To cancel clutter signals and provide 

maximum subclutter visibility, signal returns 

from a transmitted pulse must be delayed the 

exact time between transmitted pulses before 

they are used to cancel the signal returns from 

the following transmitted pulse. One way of 

accomplishing this would be to trigger the 

transmitting system independently of the signal 

comparing system and then adjust the amount 

of delay that takes place in the signal comparing 

system. This method is undesirable because it 

would be difficult to establish a stable pulse 

repetition time and it would also be difficult to 

adjust the time delay of the mercury delay line 

in the signal comparing system. The stability 

requirements are taken care of by having the 

signal comparing system develop transmitter 

triggers which depend on the amount of time 

delay that takes place in the signal comparing 

system. 

d. The only signal input to the signal com- 

paring system is from the phase detector in the 

receiving system. The type of input and its 

application depend on the mode of operation of 
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the equipment. In the normal mode, the phase 

detector operates as a conventional second de- 

tector, and negative video pulses representing 

both fixed and moving targets are applied to 

the signal comparing system. The normal 

video pulses do not go through the comparison 

and cancellation circuits. They are amplified 

and applied to the indicating system and to 

Azimuth and Range Indicator IP—345/TPS-1D 

(remote ppi) as positive video pulses. In the 

mti mode, a coherent signal is applied to the 

phase detector so that the input to the signal 

comparing system consists of bipolar video 

pulses representing fixed and moving targets. 

After comparison of received signals and can- 

cellation of fixed target returns, positive video 

pulses representing moving targets are applied 

to the indicating system and the remote ppi. 

Relays which are actuated by a master mode 

selector switch disable some and enable other 

stages to operate in the signal comparing sys- 

tem so that the proper type of video pulses are 

applied to the indicators for the chosen mode 

of operation. 

e. Three signal outputs are taken from the 

signal comparing system in all modes of opera- 

tion. Positive video pulses are applied to the 

indicating system and to the remote ppi. Neg- 

ative trigger pulses are applied to the trans- 

mitting system but they are not used in the 

normal (internal trigger) mode of operation. 

f. All ac and de potentials necessary to oper- 

ate the stages of the signal comparing system 

are applied from the power supply. 

g. Except for two potentiometers, the entire 

signal comparing system is located within the 

signal comparator (Signal Comparator CM-36/ 

TPS-1D). MTI BALANCE potentiometer 

R2618, RECEIVER AMPL BALANCE poten- 

tiometer R2627, and one switch (OPERATION) 

are located on the front panel of the indicator. 

These remote controls have corresponding con- 

trols on the front of the signal comparator. 

h. The relationship of the signal comparing 

system to other functional systems of the AN/ 

TPS-1D is covered in TM 11-1167-20. 

74. Simplified Block Diagram 
(fig. 40) 

a. The signal comparing system consists of 

seven subsystems (channels or circuit groups) : 

(1) 9-me carrier channel. 
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(2) Delay channel. 

(3) Nondelay channel. 

(4) Video circuits. 

(5) Amplitude balancing circuits. 

(6) Time balancing circuits. 

(7) Trigger generator circuits. 

b. In the mti mode of operation, the video 

input to the signal comparing system amplitude 

modulates a gated 9-mc oscillator in the 9-mc 

carrier channel. (Waveform A represents the 

pulse returns from one transmitted pulse, and 

waveform C represents the pulse returns from 

the following transmitted pulse approximately 

2,500-microseconds later.) 

c. The output from the 9-mce carrier channel 

is applied to the delay and nondelay channels 

(waveform B from one transmitted pulse and 

waveform D from the following transmitted 

pulse). The input to the delay channel (wave- 

form B) is delayed by the delay channel and 

becomes waveform F for comparison purposes. 

The input to the nondelay channel (waveform 

D) is not delayed by the nondelay channel and 

becomes waveform E for comparison purposes. 

The output from the delay channel is a negative 

envelope which results from demodulating the 

9-me carrier. It consists of the video informa- 

tion (waveform A) riding on a negative de 

level that is determined by the peak amplitude 

of the alternations of the 9-mc carrier output 

from the delay amplifier. The output from the 

nondelay channel is a positive envelope which 

results from demodulating the 9-me carrier. 

It consists of the video information (waveform 

C) riding on a positive dc level that is deter- 
mined by the peak amplitude of alternations of 

the 9-me carrier output from the nondelay 

amplifier. 

d. The negative envelope from the delay 

channel (waveform F) which contains video 
information from waveform A is compared 

with the positive envelope from the nondelay 

channel (waveform E) which contains infor- 

mation from waveform C so that the algebraic 

sum of the two signals is developed at the com- 

parison point. Since the fixed target returns 

are equal in amplitude and opposite in polarity 

they cancel and do not appear in the outputs to 

the indicating system. The carrier envelopes 

(de components) also cancel because they are 

equal in magnitude and opposite in polarity. 

The echo pulses from moving targets do not 



cancel, because they are not necessarily equal 

in amplitude or opposite in polarity, the ampli- 

tude and polarity depending on the radial veloc- 

ity of the moving target. The moving-target 

signals are amplified and polarized by the video 

circuits and are applied to the indicating sys- 

tem and the remote ppi as positive video pulses. 

e. To obtain maximum cancellation of clutter 

signals, the fixed target pulse outputs from the 

delay channel and nondelay channel must have 

essentially the same amplitude and must appear 

simultaneously at the comparison point. The 

amplitude requirement for cancellation is taken 

care of by the amplitude balancing circuits and 
the time requirement by the time balancing 

circuits. 

f. In the mti mode, the time between trans- 

mitted pulses depends on the amount of time 

delay in a trigger loop within the signal com- 

paring system. This timing is accomplished 

by synchronizing a free-running multivibrator 

that gates the 9-mc carrier oscillator in the 

9-mc carrier channel. The multivibrator also 

gates the trigger generator circuit which pro- 

duces negative pulses and applies them to the 

transmitting system. 

g. The seven subsystems of the signal com- 

paring system are discussed in paragraphs 75 

through 81. 

75. 9-mc Carrier Channel 
(fig. 40) 

The 9-mc carrier channel provides a carrier 

frequency upon which the input video pulses 

can be carried most efficiently through the mer- 

cury delay line. The 9-mc frequency is used to 

obtain the required amplitude and bandwidth 

through the delay line. 

a. A pentagrid-type tube is used as a gated 

9-mce carrier oscillator (V1355). It is gated to 

develop triggers using the delay line as a tim- 

ing device. It oscillates while the V1354 half 

of the carrier gate multivibrator is beyond cut- 

off (waveform T). The 9-mc oscillations occur 

from 10 microseconds before the transmitter 

fires (to prevent the returning echo pulses from 

affecting the timing of the transmitter trig- 

gers) until approximately 2,140 microseconds 

after the transmitter fires (waveform V). The 

oscillations are interrupted in order to use the 

envelope of the demodulated 9-mc oscillations 

for timing purposes. 

b. Video pulses from the receiving system 
(waveforms A and C) are applied to the injec- 

tor grid of V1355 so that the pulses amplitude 

modulate the 9-mc carrier. The modulated 

carrier is amplified by 9-mc amplifier V1356 

and by 9-mc output amplifier V1357 (wave- 

forms B and D) before being applied to the 

delay and nondelay channels. The output sig- 

nal of V1357 is applied directly to the delay 

line in the delay channel. The same output 

signal is applied to the nondelay amplifier, but 

it is attenuated approximately 60 db so that the 

signal input voltages to the delay and nondelay 

amplifiers are more nearly equal. 

ce. The carrier gate multivibrator is a free- 

running multivibrator which is adjusted to have 

a natural frequency slightly lower than the 

pulse repetition frequency of the equipment, 

(natural period which is longer than the pulse 

repetition time or pulse interval of the equip- 

ment). The multivibrator is synchronized by 

trigger pulses obtained from a trigger loop 

within the signal comparing system. The trig- 

ger loop consists of the carrier gate multivibra- 

tor, the 9-mc oscillator, the 9-mc amplifiers, the 

delay channel (except for the 1.9-microsecond 

delay line), and the time balancing circuits 

which adjust the amount of delay of the trigger 

pulses that synchronize the carrier gate multi- 

vibrator. In effect, the carrier gate multi- 

vibrator synchronizes itself through the trigger 

loop so that its period is equal to the sum of 

all the delays in the trigger loop (slightly more 

than 2,500 microseconds). 

d. An output is also taken from the V1353B 

half of the carrier gate multivibrator (wave- 

form W) to the trigger generator. The trigger 

generator develops negative triggers, which 

occur 10 microseconds after the 9-mce oscilla- 

tions begin, and applies them to the transmit- 

ting system. These triggers time the start of 

the transmitted pulses. 

76. Delay Channel 
(fig. 40) 

The delay channel delays, amplifies, and 

demodulates the modulated 9-me carrier. 

a. The input modulated 9-mc carrier (wave- 

form B) is delayed 2,500 microseconds by mer- 

cury delay line W2350 so that the negative 

output envelope from the delay channel can be 

compared with the positive output envelope 
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from the nondelay channel. A 9-me carrier 

frequency is used because the delay line oper- 

ates most efficiently at this frequency. Because 

the delay line attenuates the signal voltage ap- 

proximately 60 db, amplifiers V1301 through 

V1305 are necessary to raise the level of the 

9-me signals so that efficient detection can be 

accomplished by delay amplifier detector V1306. 

b. The gain of delay amplifiers V1301 through 

V1304 is controlled automatically by an ampli- 

tude balancing bias from the amplitude bal- 

ancing circuits so that the amplitude of the 

output negative envelope from the delay chan- 

nel (waveform F) is equal to the amplitude of 

the output positive envelope from the nondelay 

channel (waveform E). 

c. The output from delay amplifier detector 

V1306 is applied to two circuits. The negative 

envelope which results from demodulating the 

modulated 9-mc carrier (waveform N) is part 

of the trigger loop signal. The negative enve- 

lope is also applied to the comparison point 

(waveform F) through 1.9-microsecond delay 

line W2351. The 1.9-microsecond delay line 

compensates for the inherent time delays which 

affect the timing of waveform E which is com- 

pared with waveform F at the comparison 

point. These inherent time delays are the de- 

lays in the trigger loop (outside of the delay 

channel) and in the nondelay channel. Time 

balance between waveforms E and F is accom- 

plished by delaying waveform F an additional 

1.9 microseconds and then adjusting the time 

delay of the time balancing circuits so that the 

total of all the delays affecting waveform E is 

equal to 1.9 microseconds. 

77. Nondelay Channel 
(fig. 40) 

a. The nondelay channel is identical to the 

delay channel except for the following features: 

(1) It contains no delay lines. 

(2) Its gain is not controlled automati- 

cally. 

(3) Its detector is a positive detector. 

(4) The input signal is attenuated to com- 

pensate for the attenuation of the 

delay line in the delay channel. 

b. The nondelay amplifier attenuates and 

amplifies the modulated 9-mc carrier signal 

(waveform D) so that the output signal (wave- 

form E) is a positive envelope equal in ampli- 
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tude and in time balance with the negative 

envelope from the delay channel (waveform 

F). This is done so that the returns from fixed 

targets cancel across the comparison point com- 

ponents and only moving targets are passed on 

to the video circuits. 

c. The nondelay channel is the only subsys- 

tem in the signal comparing system which can- 

not affect the operation of the equipment in the 

normal mode of operation of the equipment. 

The nondelay channel is used only when the 

equipment is in the mti mode. 

78. Video Circuits 
(fig. 40) 

The video circuits limit and amplify signals 

in all modes of operation of the equipment. 

Video information is sent from the video cir- 

cuits to the indicating system and to the remote 

ppl. 

a. In the normal mode, the phase detector 

operates as a conventional second detector. 

Negative pulses from both fixed and moving 

targets are applied to normal video limiter 
V3306 from the phase detector in the ane 

system (waveform K). The screen and plate 

circuits of V3306 are common to the screen and 

plate circuits of mti video limiter V3305 so that 

either normal or mti video can appear in the 

common plate circuit. A relay actuated by a 

mode selector switch disables either V3305 or 

V3306 depending on the mode of operation se- 

lected. Normal video signals are amplified and 

inverted by V3306, and mti video signals are 

amplified and inverted by V38305. Strong 

video signals cause limiting in the common 

plate circuit of V3305 and V3306. 

b. The input to video cathode follower V3307 

is either normal video (waveform L) or mti 

video (waveform J), depending on the mode of 

operation. The cathode follower stage acts as 

a power amplifier and matches the low imped- 

ance of the coaxial cable which carries the posi- 

tive video information (waveform L or J) to 

the indicating system. Video cathode follower 

V3308 does the same for video sent to the 

remote ppl. 

c. In the mti mode, a positive envelope 

(waveform E) is applied to the comparison 

point from the nondelay channel and a negative 

envelope (waveform F) is applied from the 

delay channel. With proper operation of the 



signal comparing system, the envelopes (dc 

components) that result from demodulating the 

9-me carrier, cancel, and the positive and nega- 

tive fixed clutter targets cancel (waveform G), 

so that they are not applied to mti video ampli- 

fier V3303. Since the returns from moving 

targets are not necessarily of equal strength 

and opposite polarity when applied to the com- 

parison point, the output pulses from the com- 

parison point are either positive or negative 

depending on the polarity and amplitude of the 

demodulated video pulses. The bipolar video 

pulses representing moving targets are ampli- 

fied by mti video amplifier V3303 and applied 

to video polarizer V3304 (waveform H). 

d. Both positive and negative video pulses 

are applied to video polarizer V3304, but the 

operation of the circuit is such that all inputs 

appear as negative pulses in the output signal 

(waveform I). This polarization is necessary 

when the manner in which video information 

is applied to a ppi scope is considered. If the 

video pulses remained bipolar, some would 

cause intensified spots on the ppi screen, but 

the opposite polarity pulses would cause dark 

areas on the screen and remain undetected. 

e. The negative video pulses from V3304 are 

amplified and limited by mti video limiter 

V3305 (waveform J) before being applied to 

cathode followers V3307 and V3308. In the 

mti mode, the operation of V3305 is the same 

as it is for V3306 in the normal mode. The 

cathode followers operate the same in either 

mode of operation. 

f. The output cathode followers are the only 

stages in the signal comparing system that 

affect the operation of the equipment in all 

modes of operation. 

79. Amplitude Balancing Circuits 
(fig. 40) 

The amplitude balancing circuits develop a 

bias voltage which controls the gain of four 

delay amplifier stages in the delay channel to 

equalize the output amplitudes from the delay 

and nondelay channels. The closer the ampli- 

tudes are balanced the better the cancellation 

of fixed targets. 

a. The amplitude balancing circuits are ac- 

tuated by a difference in the dec components of 

the signals developed across the comparison 

point components. They are not affected sig- 

nificantly by the video (ac component) differ- 

ences. Amplitude balance de amplifier V3301, 

in conjunction with reference tubes V3300 and 

V3302, operates as a two stage de amplifier 

which has a constant de in its output circuit 

when there is no de applied to the input circuit. 

The amplitude balance potentiometer (R2354 

in the signal comparator or R2627 on the indi- 

cator) adjusts the average balancing bias ap- 

plied to the delay channel. It is adjusted to 

make the amplitude of the negative envelope 

from the delay channel essentially equal to the 

amplitude of the positive envelope from the 

nondelay channel. 

b. When an unbalance in the output levels 

from the delay and nondelay channels occurs, 

the comparison point components operate as a 

sensing device. The dc potential difference be- 

tween the two output levels is applied to V3301 

which amplifies the difference. This amplitude 

difference is the amplitude balancing bias. It 

is applied to the delay channel to change the 

gain of the delay channel and essentially equal- 

ize the output amplitude of the two channels. 

Actually the output amplitudes cannot be per- 

fectly balanced by the circuit. For example, if 

the emission of fifth nondelay amplifier V23805 

falls off slightly during operation of the equip- 

ment, the positive de component to the com- 

parison point decreases and a net negative dc 

difference potential (error voltage) is applied 

to V3301. This de error voltage is amplified 

by V3301 and applied to the delay channel as a 

negative correction bias which decreases the 

gain of the delay channel until the output 

amplitude level of the delay channel is reduced 

to a slightly higher level than the output from 

the nondelay channel. The slight difference 

(error voltage) is necessary to hold the output 

of the delay channel essentially equal to the 

lower output from the nondelay channel which 

results from the decreased gain of V2305. 

80. Time Balancing Circuits 
(fig. 40) 

The time balancing circuits are used to obtain 

a variable time delay so that the time of the 

output of the nondelay channel (waveform E) 

can be made to coincide in time with the output 

from the delay channel (waveform F) at the 

comparison point. This time balance is neces- 
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sary to obtain maximum cancellation of fixed 

targets and maximum subclutter visibility. 

a. Two factors are compensated for by the 

time balancing circuits: The inherent time de- 

lays in the delay and nondelay channels are not 

necessarily equal; and time delays not common 

to the delay channel occur in the nondelay chan- 

nel because the output of delay amplifier detec- 

tor V1306 is used to start the timing of the 

next transmitted pulse. 

b. Time balance is accomplished by delaying 

the output from the delay amplifier detector an 

additional 1.9 microseconds before it is applied 

to the comparison point. The variable time 

delay of the time balancing circuits is then 

adjusted so that the total of all the time delays 

in the time balancing circuits, the 9-mc carrier 

channel, and the nondelay channel is equal to 

1.9 microseconds (the delay of W2351). 

c. The carrier gate multivibrator is a free- 

running multivibrator. When the V1354 half 

cuts off, 9-me carrier oscillator V1355 begins to 

oscillate. These oscillations are amplified by 

V1356 and V1357, travel down the 2,500 micro- 

second delay line, and are amplified again by 

delay amplifiers V1301 through V1305.. The 

negative envelope of the 9-mc oscillations is 

detected by delay amplifier detector V1306 so 

that the time of the start of the negative gate 

from V3306 (waveform N) corresponds to 

2,500 microseconds after the 9-mc oscillations 

begin (plus any small inherent time delays 

picked up in the 9-me carrier channel and the 

delay channel). The demodulated negative en- 

velope (waveform N) input to the time bal- 

ancing circuits is differentiated (waveform O) 

and applied to slope generator V1350. The 

operation of V1350 is similar to that of a sweep 

generator. The input cuts off the stage and a 

capacitor in the plate circuit charges while the 

tube is beyond cutoff. This action produces a 

sharp rise in voltage at the output (waveform 

P) which is in turn differentiated (waveform 

Q) and applied to pickoff amplifier V1351. The 

cathode of V1351 returns to a voltage divider 

so that mti balance potentiometer R2356 (or 

R2618 on the indicator) controls the time when 

V1351 goes into conduction. A small time 

delay (from 1 to 3 microseconds) is obtained 

by operating V1351 beyond cutoff so that the 

start of the input signal to the grid (waveform 

Q) does not cause conduction. The setting of 

72 

R2618 establishes the time balancing bias which 

controls the time of conduction of V1351. 

When V1351 goes into conduction, a negative 

trigger is developed and applied to the V1354 

half of the carrier gate multivibrator (wave- 

form S). Approximately 350 microseconds be- 

fore the development of the negative trigger, 

the natural timing of the multivibrator causes 

the V1354 half of the multivibrator to go back 

into conduction (waveform T) so that the nega- 

tive trigger causes the V1354 half to go back 

into cutoff before it would naturally do so. The 

loop of the signal path from the time that the 

V1354 half of the carrier gate multivibrator 
cuts off until it cuts off again is called the trig- 

ger loop. This trigger loop establishes the 

overall timing of the carrier gate multivibrator 

and therefore the time between transmitter 

pulses. 

d. By providing a variable time delay in the 

portion of the trigger loop which is not common 

to the delay channel, the time balancing cir- 

cuits make it possible to adjust the output from 

the nondelay channel so that it is in time bal- 

ance with the output from the delay channel. 

This occurs when R2356 (or R2618) is adjusted 

so that all of the time delays affecting the tim- 

ing of the output from the nondelay channel 

are equal to 1.9 microseconds, the time delay of 

W2351. 

81. Trigger Generator Circuits 
(fig. 40) 

The trigger generator circuits produce nega- 

tive pulses which depend on the timing of the 

trigger loop and apply them to the transmitting 

system as external transmitter triggers. The 

output triggers (waveform Z) take place 10 

microseconds after the 9-mc carrier oscillator 

starts to oscillate. This 10-microsecond time 

delay allows time for the 9-me oscillations to 

stabilize before the video pulses start arriving. 

The 10-microsecond time delay also insures that 

the carrier gate is triggered by the leading edge 

of the delayed carrier gate with no influence 

from received signals. 

a. Trigger generator V1353A is a shock- 

excited oscillator which is gated by the output 

from the V1353B half of the carrier gate multi- 

vibrator (waveform W). The trigger genera- 

tor produces a critically damped sine wave 



(waveform X) which has a period of 20 micro- 

seconds. The first positive swing in voltage 
causes an output from trigger amplifier V1352. 

Because a bias network in its cathode circuit 

then holds the stage sufficiently beyond cutoff 

(waveform Y), the second and subsequent posi- 

tive alternations do not raise the tube above 
cutoff. 

b. The leading edge of the first positive alter- 

nation from the trigger generator causes a 

negative pulse to be developed in the output 

circuit (waveform Z). The output negative 

triggers appear 10 microseconds after the start 

of the negative gate input to V1353A because 

the first negative (10-microsecond duration) 

Section Il. 

82. General 
(fig. 219) 

The 9-me carrier channel circuits produce 

gated 9-mc oscillation which are used to carry 

video information through the delay and non- 

delay channels and at the same time establish 

the pulse repetition frequency of the equip- 

ment. The 9-mc signal provides a carrier 

which is modulated by the input video pulses 

from the phase detector so that the video in- 

formation can be carried down mercury delay 

line W2350 in the delay channel. The oscilla- 

tions are gated or interrupted so that the start 

of the oscillations (which is also delayed in the 
delay channel) can be used to initiate timing 

pulses which make the pulse repetition time of 

the equipment depend on the amount of delay 
in the signal comparing system. 

a. The carrier gate channel includes carrier 

gate multivibrator, V1853B and V1354, 9-mc 

carrier oscillator V1355, 9-mc amplifier V1356, 

and 9-mc output amplifier V1357. All 9-mc 

carrier channel stages are located in the mti 

repetition rate trigger amplifier. 

b. Bipolar video pulses are applied to the 

injector grid (pin 7) of 9-me carrier oscillator 

V1355 from the junction of resistors R325 and 

R327 in the phase detector circuit of the re- 

ceiving system. These video pulses amplitude 

modulate the 9-mc oscillations produced by 

V1355. The modulated 9-me carrier is ampli- 

fied by 9-mc amplifier V1356 and 9-mc output 

amplifier V1357 before being applied to the 

delay channel (the voltage across R1385 and 

alternation does not affect the operation of 

trigger amplifier V1352. The output negative 

triggers are applied to the transmitting system 

as transmitter triggers in the mti mode of 

operation. In the normal (external trigger) 

mode of operation of the equipment, the output 

negative triggers also determine the time that 

the transmitter fires. This is automatically the 

case when the OPERATION selector switch on 

the indicator unit is changed from MTI to 

NORMAL, unless an additional switch is 

thrown so that the transmitter is triggered 

internally. 

Figure 40. Signal comparing system, block diagram. 

(Contained in separate envelope) 

9-MC CARRIER CHANNEL CIRCUITS 

R1880), to the nondelay channel (the atten- 

uated voltage across R13580), and to test meter 

M2350 after being attenuated by R1381 and 

R1382, rectified by CR1350, and filtered by 

C1385 and R1383. 

c. Negative trigger pulses are applied to the 

grid of the V1354 half of the carrier gate 

multivibrator from the plate circuit of V1351 

in the time balancing circuits. These pulses 

synchronize the free-running carrier gate mul- 

tivibrator so that the period of the multivi- 

brator (which has a longer natural period) is 

forced to be equal to the time delays in the 

delay channel (approximately 2,500 plus 1.9 

microseconds). Two outputs are taken from 

the carrier gate multivibrator. The V1354 half 

gates the 9-mce oscillator. The V1353B half 

gates trigger generator V13853A which is a 

shock-excited oscillator that produces trans- 

mitter triggers. 

83. Carrier Gate Multivibrator 
(figs. 41 and 42) 

The carrier gate multivibrator is a synchro- 

nized plate-coupled, free-running multivibrator 

which is used to gate 9-mc carrier oscillator 

V1355 and the trigger generator circuits. The 

cathode, control grid, and screen grid of V1354 

operate as one triode section of the multivi- 

brator; the cathode (pin 3), control grid (pin 

2), and plate (pin 1) of dual triode V1353 

operate as the other triode section of the multi- 

vibrator. Both control grids of the multivi- 
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brator are returned to +150 volts to increase 

the accuracy of the circuit timing. 

a. With no synchronizing pulses applied 

from pick-off amplifier V1351, the multivi- 

brator oscillates at a frequency determined by 

the time constants of the coupling circuits be- 

tween the two sections and the size of the plate 

load resistors (waveform A). A change in 

voltage at the plate of V1353B is coupled to the 

control grid of V1354 by the discharge of 

C1365 through R1364 in series with part of 

potentiometer R13865. A change in voltage at 

the screen grid of V1354 is coupled to the 

control grid of V1353B by the discharge of 

C1366 through grid resistor R1862. The grid 

time constants are equal, for all practical pur- 

poses, but the natural period of the multivi- 

brator is asymmetrical because of the difference 

in the size of the plate load resistors. Resistor 

R1861 (83K) is considerably larger than R138638 

(4,700 ohms). When the V1353B section fires 

(T, in waveform A) a greater change in volt- 

age occurs at the plate of V1353B than at the 

screen grid of V1354 when the V1354 section 

fires (T, in waveform A). As a result, when 

the V1353B section fires, the V1354 section is 

held beyond cutoff by the discharge of C1365 

for a longer period of time than the V1354B 

section is held cutoff by the discharge of C1366 
when the V1354 section fires. The operation of 

the multivibrator is asymmetrical, with the 
time between T, and T, fixed by the circuit 

values, and the time between T, and T, varied 

by the setting of carrier gate length poten- 

tiometer R1365. 

b. When the control grid of V1354 is driven 

beyond cutoff, plate current through V1354, 

as well as the screen current, cuts off. The 

9-me carrier gate oscillator (V1355) begins to 

oscillate when the V1354 section of the carrier 

gate multivibrator cuts off (time T, in wave- 
form A). The start of the 9-mce oscillations 

(time T,) is delayed around the trigger loop 

(through the 9-mec amplifiers, mercury delay 

line, delay amplifiers, delay amplifier detector, 

and time balancing circuit) so that a negative 
trigger pulse (time T,) is developed by pick-off 

amplifier V1351. While the 9-mc oscillations 

are being delayed in the trigger loop, the V1354 

section of the carrier gate multivibrator goes 

back into conduction at time T.. At time T;, 

the negative trigger pulse (waveform B) from 
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Figure 41. 9-mc carrier channel, waveforms. 

V1351 is applied to the grid of V1354 and 

causes the V1354 section to go back into cutoff 

before the discharge of C1366 (which normally 

times the phase of the multivibrator action 

between T, and T,) allows the V1353B section 

to go back into conduction. When the V1353B 

section goes back into conduction, the V1354 

section cuts off. The synchronizing pulse 



which occurs at T; forces the natural period of 
the multivibrator to be reduced to a time equal 
to the amount of time delay in the trigger loop 

(waveforms C, D, E, and F). When V1354 

goes back into cutoff at time T, (which is 

equivalent to T, again), the circuit operation 

is repeated. In this manner, the carrier gate 
multivibrator synchronizes itself by means of 

the trigger loop. 

ce. Carrier gate length potentiometer R1365 

is a very important chassis adjustment and 

must be adjusted properly to obtain mti. If 

R1865 is misadjusted so that the time between 

T, and T, (waveform A) is longer than 2,500 

microseconds, the delayed negative sync pulses 

have no effect on V1354 because it is still be- 

yond cutoff when the negative pulses arrive. 

In this case, the carrier gate multivibrator con- 

tinues to oscillate at its natural frequency and 

the pulse repetition time of the equipment is 

not stable enough for effective mti operation. 

The negative sync pulses are also ineffective 
if R1365 is misadjusted so that the time be- 

tween T, and T, is less than 2,500 microseconds. 

With proper adjustment of R1365, the time 

between T, and T. is approximately 2,150 micro- 

seconds. This insures that the natural period 

of the multivibrator is longer than the delay 
in the trigger loop and that the delayed trigger 

pulses synchronize the multivibrator because 
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they are applied to the control grid of V1354 

while V1354 is conducting. 

d. Filter network R1367 and C1386 isolates 

the 9-mce oscillations that appear in the plate 

circuit of V1354 from other circuits supplied 

by +150 volts and at the same time does not 

drop the +150-volt supply potential to the 

multivibrator appreciably. Resistor R1366 and 

capacitor C1367B decouple the multivibrator 

from the +150-volt supply. Inductor L1355 

and capacitor C1370 are functionally part of 

9-me carrier oscillator V1355. 

e. Two outputs are taken from the carrier 

gate multivibrator. The V1354 section gates 

9-me carrier oscillator V1355 because the 9-mc 

oscillator can oscillate only when the V1354 is 

cutoff. The V1353B section (waveform D) 

gates trigger generator V1353A in the trigger 

generator circuits to initiate the timing of the 

transmitter trigger pulses. 

84. 9-mc Carrier Oscillator 
(figs. 42 and 48) 

The 9-me carrier oscillator (V1855) is gated 

by the carrier gate multivibrator. It produces 

gated 9-mce oscillations which are modulated by 

the input video to the signal comparing system. 

The modulated 9-me carrier is then amplified 

and applied to the delay and nondelay channels 

Fi CARRIER 
CI370 9-MC CARRIER TO VI356 

CUE OSCILLATOR 
V1355 
5750 

OIUF C1372 

|OUUF 
TMII67-35-90 

Figure 42. Carrier gate oscillators, simplified schematic diagram. 
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to make cancellation of the returns from fixed 

targets possible. 

a. A pentagrid converter type tube (5750) 

is used in the gated 9-me carrier oscillator cir- 

cuit. The cathode, control grid (pin 1), and 

screen grid (pin 6) are used in a grounded- 

plate Colpitts oscillator circuit, and the modu- 

lating signal is applied to the injector grid 

(pin 7). The 9-mc oscillations are gated by 

placing the tank circuit inductance of the os- 

cillator (L1355) in the plate circuit of the 

V1354 section of the carrier gate multivibrator. 

b. Bypass capacitor C1370 (.01 microfarad 

(uf)) is physically close to one end of L1355 

and holds this end of L1355 very close to ac 

ground (the capacitive reactance of C1370 be- 

ing only 5 ohms at 9 mc). Decoupling capaci- 

tor C1367B (.5 uf) is considerably larger than 

C1370 and is in parallel with C1370. The 

larger capacitor cannot hold the end of L1855 

to which they are both connected close enough 

to ac ground, because it is physically located 

far enough from L1355 to make the ac resist- 

ance of its connection to L1355 relatively high 

at 9 mc. 

c. The 9-mc oscillations are gated by ground- 

ing and ungrounding the plate of the V1354 

end of L1355. When the V1354 section of the 

carrier gate multivibrator conducts, the low 

de resistance of the heavily conducting tube 
effectively grounds the end of L1855 that con- 

nects to the plate of V1354. The 9-mc oscilla- 

tor cannot function with both ends of L1855 

close to ground potential at 9 mc. When the 

V1354 section of the carrier gate multivibrator 

is beyond cutoff, the end of L1355 which is near 

the plate of V1355 is no longer grounded and 

the 9-mc oscillations take place. The timing 

waveforms of the carrier gate multivibrator 

and the 9-mc oscillator are shown in figure 41. 

d. The 9-mc oscillator section of V1355 is a 

Colpitts-type oscillator. This is evident when 

the circuit is drawn to show the split capaci- 

tances characteristic of the Colpitts oscillator 

(fig. 43). The screen grid of V1355 acts as 

the plate of the oscillator. Resistor R1373 

drops the average plate voltage to +90 volts 

and bypass capacitor C1374 places the plate at 

ac ground because its capacitive reactance is 

only 4 ohms at 9 me. Capacitance C, repre- 

sents the plate-to-cathode capacitance of V1354 

and the stray wiring reactances. Capacitance 
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C, represents the grid-to-cathode capacitance 

of V1355. Parallel RC network R13870 and 
C1357 provides sufficient cathode bias to op- 

erate the tube in its linear region. The tank 

circuit, which determines the frequency of os- 
cillation, consists of L1355 in parallel with C,, 

with both of these components in parallel with 

C1368, C,; and C1357. 

e. When the V1354 section of the carrier gate 

multivibrator cuts off, the top of the tank 

circuit is ungrounded and the tank circuit 

begins to oscillate at 9 mc. To sustain oscil- 

lations, feedback into the tank circuit is neces- 

sary to make up for losses in the tank circuit. 

Feedback is provided by the current through 

the triode tube section which flows through 

C1357. The voltage across C, controls the 

amount of feed-back current, and the react- 

ance of C1357 controls the phase of the feed- 

back current. The resulting feed-back current 

into the tank circuit causes the 9-mc oscilla- 

tions to be sustained as long as the V1354 sec- 

tion of the carrier gate multivibrator remains 
cutoff. 

9-MC CARRIER 

OSCILLATOR 

V1354 
CONDUCTING 

TMIIG7-35-103 

9-me carrier oscillator, equivalent circuit. Figure 48. 

f. Decoupling network R1371 and C1387 iso- 

lates the 9-mc signal from the +150-volt power 

supply. In addition to C1374, which is physic- 

ally close to the screen grid and places the 

screen grid at ac ground potential (for proper 

9-mce oscillator operation), C1875A and C1875B 

are connected from the screen grid of V1355 to 

ground. The large capacitors (.5 uf) are bath- 

tub-type capacitors and cannot be placed close 

enough to V1355 to keep their lead reactance 

sufficiently low at 9 me. The large capacitors 

function as a conventional 1-yf screen bypass 



capacitor, which prevents the dc voltage at the 

screen grid from changing appreciably when 

video pulses are applied to the injector grid. 

g. The input video pulses from the phase de- 
tector are applied through coupling capacitor 

C1371 and a parallel resonant circuit (L1356 

and C1372) and are developed across injector 

grid resistor R1369. The parallel resonant cir- 

cuit is tuned to 9 me and does not affect the 

video pulses appreciably. Its high impedance 

to 9 mc prevents 9-mc signals from the oscil- 

lator section of V1355 from feeding back to the 

phase detector. The video pulses developed at 

the injector grid amplitude modulate the 9-mc 

oscillations (30 percent) so that the amplitude 

of the 9-mc oscillations appearing in the plate 

circuit is increased during the application of 

positive video pulses and decreased during the 

application of negative video pulses. The am- 

plitude of the output-modulated 9-mc oscilla- 

tions is very small (approximately .5 volt) be- 

cause of the small value of plate load resistor 

R1372 (680 ohms). This is necessary to main- 

tain the wide bandwidth necessary for the 

video information. The output-modulated 9-mc 

oscillations are applied from the plate of 9-mc 

carrier oscillator V1355 to 9-mc amplifier V1356. 

85. 9-mc Amplifiers 
(fig. 44) 

The 9-mc amplifier (V1356) and 9-mc output 

amplifier (V1357) together amplify the modu- 

lated 9-mc carrier output from the 9-me carrier 

oscillator approximately 25 times before the 

modulated 9-me carrier is applied to networks 

which apply the signal to the delay channel, 
the nondelay channel, and test meter M2350. 

a. The 9-mc amplifier (V1356) is a low-gain, 

wide band tuned-grid amplifier. Fixed bias 

and cathode bias are used to operate the tube 

in its linear region. Current through voltage 
divider R2352 (DELAY LINE INPUT) and 

R1377 as well as plate current flow through 

R2352 and cathode resistor R1375 establishes 

the cathode at a nominal value of +5 volts with 

respect to ground. Since the grid is grounded 

from a dc standpoint, bias for the stage is 5 

volts. Bypass capacitors C1377 and C1379 

prevent the ac signal from affecting the dc bias. 

The gain of the stage is held low by keeping 

the value of plate load resistor R1374 low 

(2,200 ohms) to maintain a wide bandwidth 

so that video information is not lost. 

b. The modulated 9-mce carrier is coupled 

from the 9-me carrier oscillator to the grid 

circuit of V1356 by coupling capacitor C1378. 
The 9-mce signal is developed at the grid of 

V13856 across the high impedance of the paral- 
lel resonant circuit consisting of L1358 and the 

grid-to-cathode interelectrode capacitance of 

the tube. A modulated 9-mc signal in the 

order of 2.5 volts peak-to-peak is developed in 

the plate circuit and coupled to 9-mc output 

amplifier V1357 by C1378. 

c. The gain of V1356 is controlled by the 

setting of R2352. Varying this potentiometer 

changes the bias of V1356 which in turn 

changes the gain of the stage. Although its 

name (DELAY LINE INPUT) does not indi- 

cate it, R2852 actually controls the amplitude 

of all three outputs from the 9-mc carrier 

channel because the signal is amplified a fixed 

amount by V13857 before being applied to the 

delay line in the delay channel, the nondelay 

channel, and test meter M2350. 

d. The 9-mc output amplifier (V1357) is a 

low-gain, wide band tuned-grid power amplifier. 

A power amplifier is necessary because the out- 

put from V13857 is applied to several low im- 

pedance circuits. 

e. Cathode bias (5 volts) is developed across 

cathode resistor R1378 and maintained by 

cathode bypass capacitor C1383. The modu- 

lated 9-mc input signal to V1357 is developed 

across L1360 which forms a parallel resonant 

circuit with the input capacitance of the tube. 

The output signal is developed across plate load 

L1362. The gain of the stage is decreased to 
approximately 5 by the loading of R1379 (3,300 

ohms) and the low impedance circuits to which 

the output-modulated 9-mc signal is applied. 

The stage gain is made low to maintain the 

necessary wide bandwidth. Filter network 

C1382, R1376, and C1886 isolates the 9-mc 

signal frequency from the +150-volt supply to 

prevent interaction with other stages operating 

at 9 mc because of the common plate supply 

potential. 

f. The output from V1357 is coupled to the 

output circuits by coupling capacitor C1381. 

Inductances L1363 and L1365 lower the im- 

pedance of the signal circuit to feed signal 

voltages to the 2,500-microsecond mercury de- 

lay line through a 90-ohm coaxial cable 
(RG-62/U). In addition to being applied to 
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the mercury delay line in the delay channel, 

the voltage across L1365 is applied to the non- 

delay channel and to test meter M2350 to pro- 

vide an indication of the level of the modulated 

9-me carrier signal input to the delay line. 

g. The voltage divider, R1385 and R1380, 

further decreases the impedance of the signal 

circuit to feed signal voltages to the nondelay 

channel through a ‘73-ohm coaxial cable 

(RG-59/U). In addition to impedance match- 

ing considerations, R1885 and R13880 are part 

of an attenuation network which includes the 

68-ohm resistor (R2301) which terminates the 

coaxial cable carrying the attenuated 9-mc car- 

rier signal to the nondelay channel. The total 

voltage attenuation is such that the signal at 

the junction of R1385 and R1380 is approxi- 

Section Ill. 

86. General 
(fig. 219) 

The delay channel delays the information re- 

turned from one transmitted pulse for a time 

equal to the time between transmitted pulses 

so that the returns from one transmitted pulse 
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mately 29.5 db below the signal voltage across 

L1365. The signal input to the nondelay chan- 

nel is further attenuated in the nondelay chan- 

nel to compensate for the attenuation of the 

mercury delay line and make the signal inputs 

to the delay and nondelay amplifiers more 

nearly equal. 

h. Voltage divider R1381 and R13882 de- 

creases the level of the 9-mc signal so that a 

red-line indication is obtained on test meter 

M2350 when the input to the mercury delay 

line is correct. Crystal diode CR1350 functions 

as a half-wave rectifier and filter network 

C1385 and R1383 filters the 9-mc signal so that 

a negative de voltage proportional to the peak 

amplitude of the 9-mc signal is applied to the 

meter. 

DELAY CHANNEL CIRCUITS 

can be used to cancel the fixed target returns 

from the following transmitted pulse. 

a. The delay channel consists of 2,500-micro- 

second delay line W2350, delay amplifier Z1300, 

resistor R2357, and 1.9-microsecond delay line 

W2351. 



b. There are two signal inputs to the delay 

channel: The modulated 9-me carrier signal 

from the output circuit of V1357 in the 9-me 

carrier channel; and the amplitude balancing 

bias from C3301B in the amplitude balancing 
circuits. 

c. Three outputs are taken from the delay 

channel. The modulated 9-me carrier signal 

is delayed and attenuated by 2,500-microsecond 

delay line W2350, amplified by five delay am- 

plifier stages, demodulated by the delay ampli- 

fier detector, delayed an additional 1.9 micro- 

seconds by W2351, and applied to the compari- 

son point components as a negative envelope 

of the carrier and video information. An out- 

put is taken from the delay amplifier detector 

and applied to V1350 in the time balancing 

circuits. This output is part of the trigger loop 

signal which times the transmitted pulses in 

the mti mode of operation. The third output 

from the delay channel is also taken from the 

delay amplifier detector. It is applied to TEST 

METER M2350 through TEST SELECTOR 

switch $2353 to provide an indication of the 

output amplitude level from the delay amplifier 

for adjustment of mti operation. 

d. Plus 150 volts de is applied to the delay 

channel from the power supply system through 

power line filter Z2351. Filament voltage (6.3 

volts ac) is applied from filament transformer 

T2350. The filament circuit of each stage of 

the nondelay amplifier is isolated from other 

stages (from a 9-mc standpoint) by LC filter 

networks to prevent 9-mc feedback between 

stages due to the interelectrode capacitance 

between cathode and filament. Capacitors 

C1304, C1308, C1317, C1321, C1323, C1325, and 

C1330 offer a low impedance to a 9-mc signal. 

Rf chokes L1304, L1306, L1308, L1810, and 

L1316 present a considerably higher impedance 

to 9 mc than the bypass capacitors. 

87. 2,500-Microsecond Delay Line 
(figs. 45 and 46) 

The 2,500-microsecond mercury delay line is 

the heart of the pulse-to-pulse comparison 

method of mti. The delay line provides the 

necessary time delay between transmitted 

pulses and is also used as the principal timing 

device to produce pulses to trigger the trans- 
mitting system. Because the signal comparing 

system generates pulses to trigger the trans- 

mitter, the length of the delay line is not 

critical. However, to achieve maximum cancel- 

lation of the returns from fixed targets and 

maximum subclutter visibility, the distortion of 

the signal traveling down the delay line must 

be held to a minimum. 

a. The long delay (2,500 microseconds) and 

wide bandwidth (8 mc) of the delay line are 

obtained by using two piezoelectric quartz 

crystals as transducers and the relatively slow 

velocity of transmission of mechanical vibra- 

tions through a liquid. A quartz crystal is a 

high Q device with a narrow bandwidth and 

cannot be used to transmit microsecond pulses 

efficiently. The delay line, therefore, is op- 

erated at 9 mc. The crystals are 13-mc, funda- 

mental X-cut crystals operating in thickness 

vibration. The 13-mc crystals produce maxi- 

mum transfer of energy for the 9-mc signal 

frequency, and the resultant attenuation of the 

delay line is approximately 60 db. 

b. Direct mercury-to-crystal contact is used 

both at the input and output of the delay line; 

the mercury is the ground side of the electrical 

input and output circuits. Mercury rather than 

some other liquid is used because the mercury 

loads the crystals and reduces the Q to main- 

tain a wide bandwidth. Insulated plates on the 

opposite sides of the crystals are used as elec- 

trical connections at the input and output of 

the delay line. 

c. When the 9-mc input alternating voltage 

is applied across the input transmitting quartz 

erystal, the thickness of the crystal changes at 

a 9-mc rate because of the peizoelectric effect. 

The mechanical vibrations of the crystal cause 

ultrasonic waves to travel through the mercury. 

At the other end of the delay line, the mechani- 

cal waves cause the receiving quartz crystal to 

vibrate at a 9-me rate, and a 9-mc voltage is 

developed across the faces of the crystal. In 

this manner, the modulated 9-mc signals from 

the 9-me carrier channel are delayed by a 

length of time depending on the velocity of the 

mechanical vibrations and the length of the 

delay line. 

d. The delay line assembly is hermetically: 

sealed and has an expansion chamber in one 

side of the tank to compensate for temperature 

variations. Heater HR2350, which is mounted 

inside the assembly, closes at —30°C., to prevent 

the temperature of the mercury from falling 

to the freezing point (—39°C.). No attempt is 
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made to hold the mercury at a specific tempera- 

ture because the operation of the equipment 

does not require an exact time delay. Within 

the assembly, the delay line is mounted on spe- 

cially designed shock mounts to prevent damage 

to the delay line during transport. 

e. The mechanical vibrations travel through 

mercury at the speed of sound which is 4,700 

feet per second at 20°C. Since this corresponds 

to a delay of 17.6 microseconds per inch, it 

would take a column of mercury approximately 

142 inches (almost 12 feet) to obtain a 2,500- 

microsecond delay for a pulse repetition fre- 

quency of 400 cps. For physical compactness 

the line is, in effect, folded into 16 direct paths. 

This is accomplished by reflecting the mechani- 

cal vibrations back and forth progressively 

along the opposite sides of the mercury con- 

tainer. This results in a compact tank measur- 

ing 3 by 9.5 by 11.25 inches. 

f. The reflectors consist of circular surfaces 

¥g inch in diameter, arranged on two opposing 

sides of the tank. They are formed in the 

sidewalls of the tank by cutting 14-inch grooves 
around these circular surfaces. To obtain 

maximum reflection capabilities (nearly 100 

percent), the reflecting surfaces are made 

rough by sandblasting. A smooth reflecting 

surface has a tendency to absorb the mechani- 

cal vibrations because of the good contact it 

makes with the mercury. Almost total reflec- 

tion is obtained because of the presence of a 

trapped air pocket in the sandblasted face of 

the reflector and the mercury. Since air is a 

nearly perfect acoustic mismatch to mercury 

and has very high attenuation at 9 me, it gives 
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practically total reflection from the mercury-air 

interface. This action is very similar to radio 

transmission line termination. 

g. The output from the mercury delay line is 

applied to the delay amplifier. 
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Figure 46. 2,500 mercury delay line, equivalent circuit. 

88. Delay Amplifiers V1301 through V1304 
(fig. 47) 

An attenuated modulated 9-mce carrier signal 
is applied to the delay amplifiers from the 
2,500-microsecond mercury delay line. The 

delay amplifiers increase the amplitude of the 

modulated 9-me carrier signal so that the video 

information can be detected efficiently. The 



gain of the first four delay amplifiers is con- 
trolled automatically by a bias voltage from the 

amplitude balancing circuits so that the ampli- 

tude of the output from the delay channel is 

equal to the amplitude of the output from the 

nondelay channel. 

a. Inductor L1301 and resistor R1302 match 

the low impedance of the coaxial cable which 

connects to J1301 and carries the modulated 

9-me carrier signal from the mercury delay 

line. Inductor L1302 forms a series resonant 

circuit with the input capacitance of V1301. 

The Q of the tank circuit is kept low by the low 

resistance of R1302 (1K) and grid resistor 

R1301 (10K) to maintain a wide bandwidth. 

This input arrangement provides for impedance 

matching without appreciable loss of the video 

information which is carried by the 9-mce car- 

rier frequency. 

b. First delay amplifier V1301 is a sharp 

cutoff high transconductance type tube (5654). 

The stage operates as a single-tuned, low gain, 

wide band 9-mc amplifier. The resistance of 
plate load resistor R1304 is low (1,500 ohms) 

to maintain the necessary wide bandwidth. 

From an ac standpoint, R1304 is in parallel 

with inductor L1301 which forms a parallel 
resonant circuit with the interstage shunt ca- 
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NOTE: 
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pacitances (the output capacitance of V1301, 

the stray wiring capacitance, and the input 

capacitance of V1302). The flow of normal 

plate and screen currents through cathode re- 

sistor R1305 develops approximately 1 volt of 

cathode bias. Cathode bypass capacitor C1302 

prevents the input signal from affecting the 

cathode bias during circuit operation. The 

operating point of the tube is also affected by 

the automatic amplitude balancing bias which 

is applied to the control grid from the ampli- 

tude balancing circuits. The gain of the stage 
is changed by changing the operating point 

which in turn varies the transconductance of 

the tube. 

c. The second, third, and fourth delay ampli- 

fiers are identical except that the plate load 
resistor of the fourth delay amplifier (R1316) 
is lower (1K) because the fourth delay ampli- 

fier output circuit is coupled to a different type 

tube (6005). All of the amplifiers are synchro- 

nous tuned to a center frequency of 9mc. Four 

voltage amplifiers are necessary because of the 

low gain of each stage. 

d. Several precautions are taken to prevent 

feedback between stages to maintain the proper 

overall gain and bandwidth. Resistors R1308, 

R1307, R1311, and R1315, in conjunction with 
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AMPLITUDE BALANCING 
BIAS FROM C330/B IN 

AMPLITUDE BALANCING 
IRCUITS 
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Figure 47. Delay amplifiers, simplified schematic diagrams. 
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capacitors C1301, C1305, C1309, and C1313, 

prevent interaction due to the common +150- 

volt plate and screen supply potential. The 

capacitors also function as screen bypass ca- 

pacitors. Resistors R1306, R1310, R1314, and 
R1318, in conjunction with capacitors C1303, 

C1307, C1312, C1316, and C1329, prevent inter- 

action between stages due to the common am- 

plitude balancing bias potential which is applied 

to all four control grids. Filter network C1328 

and R1321 prevents signals from other circuits 
operating at 9 mc from entering the delay am- 

plifier from the +150-volt supply. 

e. The amplified 9-mc carrier signal from 

V1354 is applied to fifth delay amplifier V1305. 

89. Fifth Delay Amplifier and Delay 
Amplifier Detector 

(fig. 48) 

Fifth delay amplifier V1305 is a beam power 

type tube (6005) which is used as a 9-mc 

power amplifier. The power amplifier is neces- 

sary to drive the low impedance delay amplifier 

detector and the load on the detector. Delay 

amplifier detector V1306 is a dual diode type 

tube (5726) which is used as a full-wave nega- 

tive detector. The modulated 9-me carrier 

signal is demodulated (rectified and filtered) 

by the delay amplifier detector so that the out- 

put from the circuit is the negative envelope 

of the modulated 9-me carrier signal. 

a. Fifth delay amplifier V1305 is a single- 

tuned, low gain, wide band 9-mc power ampli- 
fier. The normal flow of plate and screen 

currents develop approximately 4.5 volts of 

cathode bias across cathode resistor R1320 to 

operate the tube in its linear region. Cathode 

bypass capacitor C1322 offers a very low im- 

pedance to the 9-mc signal and prevents it from 

changing the operating point of the tube. The 
modulated 9-mc carrier signal from V1304 is 

coupled to the grid circuit by C1319. Inductor 

L1309 is tuned to 9 me with the output ca- 

pacitance of the fourth delay amplifier, the 
stray interstage wiring capacitances, and the 

input capacitance of V1305. Because a 6005 

type tube has a higher input capacitance than 

a 5654 type tube, L1309 is considerably smaller 

than the grid inductors of the second, third, 

and fourth delay amplifiers. The amplified 

9-mc signal is developed across plate load re- 

sistor R1319 (3,300 ohms) in parallel with the 
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primary of interstage coupling transformer 

T1301. Filter network R1321 and C1328 pre- 

vents 9-mc signals from other circuits supplied 

by +150 volts from appearing in the plate cir- 

cuit of V1305. 

b. Transformer T1301 couples the amplified 

9-mc carrier signal to the input of delay am- 

plifier detector V1306. The secondary of T1301 

is tuned to 9 me by C1324. The Q of the tuned 

circuit is decreased by shunt resistor R1322 to 

maintain the necessary wide bandwidth. The 

9-me oscillations in the tank circuit cause the 

diode sections to conduct alternately so that the 

signal appearing at the plates of the diodes is 

a pulsating de voltage with a ripple frequency 

twice the applied frequency. The full-wave 

detector makes it easier for pi filter C1326, 

L1312, and C1327 to smooth out the ripple 

frequency and at the same time not filter out 

the video pulses which modulate the 9-mc car- 

rier signal. The output of the filter is a nega- 
tive envelope of the modulated 9-mc carrier 

signal. The negative pedestal portion of the 

output envelope (the de component) is directly 

proportional to the peak amplitude of the 9-mc 

input to the detector. 

c. The negative output level from the pi filter 

(de component or pedestal) is compared with 
the positive output level from a similar filter 

in the nondelay channel so that the difference 

between the two dc levels is developed at the 

comparison point in the video circuits. If the 

two levels are equal, they cancel along with the 
returns from fixed targets, and only the dif- 

ferences in amplitudes of the moving-target 

video pulses riding on the envelopes are passed 
on to the succeeding video circuits. If the 

positive pedestal from the nondelay channel is 

not equal to the negative pedestal from the 
delay channel, the difference of the de levels 

is applied to the amplitude balancing circuits. 

The amplitude balancing circuits cause a 
change in the amplitude balancing bias which 

is applied to the first four delay amplifiers. 
The change in bias changes the gain of the de- 

lay amplifiers so that the negative pedestal 

from the delay amplifier detector is made very 

nearly equal in amplitude to the positive pedes- 

tal from the nondelay channel. 

d. The negative envelope output from the 

delay amplifier detector is applied to three cir- 

cuits. An output is applied through current 
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limiting resistor R1323 and test selector switch 

$2353 to test meter M2350 as a de voltage to 

indicate the output level from the delay am- 

plifier. The negative output envelope is also 

part of the trigger loop signal. It is applied 
through isolating resistor R1324 and the time 

balancing circuits to the 9-mc carrier gate 

channel to synchronize the carrier gate multi- 

vibrator. A third output from the delay am- 
plifier detector is applied through isolating 

resistor R1325 and 1.9-microsecond delay line 

W2351 to the comparison point in the video 

circuits. 

e. The negative envelope is applied through 

W2351 because it is impossible for the positive 
envelope from the nondelay amplifier detector 

to appear at the comparison point at the same 

time that the negative envelope appears at the 

output of the delay amplifier detector, because 
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Fifth delay amplifier and delay amplifier detector, simplified schematic diagram. 

the trigger loop times the start of the following 

transmitted pulse and there are inherent time 

delays in the trigger loop. Time balance be- 

tween the positive and negative envelopes that 

are applied to the comparison point is accom- 

plished by delaying the negative envelope for 

1.9 microseconds before it is applied to the 

comparison point, and then adjusting the 

amount of time delay in the time balancing 

circuits so that the sum of all the time delays 

affecting the positive envelope output from the 

nondelay channel is equal to 1.9 microseconds. 

f. The frequency-versus-impedance charac- 

teristic of W2351 is nonlinear. Attenuator 

R1325 (8,800 ohms) and R2357 (470 ohms) 

prevents irregular loading of the delay ampli- 

fier detector. The attenuator isolates the de- 

tector from its load so that the load has less 

effect on the operation of the detector. 

Section IV. NONDELAY CHANNEL CIRCUITS 

90. General 
(fig. 219) 

In the mti pulse-to-pulse comparison system, 

the returns from one transmitted pulse are 

delayed and compared with the returns from 

the following transmitted pulse. A positive 

output envelope from the nondelay channel is 

compared with the negative output envelope 

from the delay channel (which carries the de- 

layed returns from the previous transmitted 

pulse) in order to cancel the returns from 

fixed targets and provide mti. To provide 

maximum cancellation of the returns from 

fixed targets, the positive output envelope from 

the nondelay channel must be equal in ampli- 

tude, opposite in polarity, and coincident in’ 

time with the negative envelope from the delay 

channel. The nondelay channel is similar to 

the delay channel except that the nondelay 

channel input circuits attenuate the input 9-mc 

carrier signal (to balance the attenuation of the 

modulated 9-me carrier signal as it travels 
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down the mercury delay line in the delay chan- 

nel), its gain is controlled manually (rather 

than automatically by an amplitude balancing 
bias), its detector is a positive detector (rather 

than a negative detector), and it contains no 

delay lines. 

a. The nondelay channel consists of the non- 

delay amplifier, resistors R2364 and R3301, and 

NONDELAY AMPL. OUT potentiometer 

R2353. 

b. The only input to the nondelay channel is 

the modulated 9-mce carrier signal from the 

output circuit of V1357 in the 9-mce carrier 

signal channel. The nondelay amplifier atten- 

uates, amplifies, and demodulates the modulated 

9-mc carrier signal. 

c. Two outputs are taken from the nondelay 

amplifier detector in the nondelay channel. An 

output is applied to TEST METER M2350 

through TEST SELECTOR switch 82353 to 

provide an indication of the output amplitude 

level from the nondelay amplifier for adjust- 

ment of mti operation. The other output from 

the nondelay amplifier detector is applied to 

the comparison point in the input circuit of 

V3303 in the video circuits. 

d. Plus 150 volts de is applied to the non- 

delay channel from the power supply system 

through power line filter Z2351. Filament volt- 

age for all stages (6.3 volts ac) is applied from 

filament transformer T2350. The filament cir- 

cuit of each stage of the nondelay amplifier is 

isolated from the rest of the stages (from a 

9-mc standpoint) by LC filter networks to pre- 

vent the 9-mc signals from feeding from one 

stage to another caused by the interelectrode 

capacitance between cathode and filament. Ca- 

pacitors C2306, C2311, C2316, C2321, C2324, 

C2326, and C2331 offer a low impedance to a 

9-mc signal. RF chokes L2302, L2304, L2306, 

L2308, and L2309 offer a considerably higher 

impedance than the bypass capacitors. 

91. Nondelay Amplifiers V2301 Through 
V2304 

(fig. 49) 

A modulated 9-me carrier signal is applied 

to the nondelay amplifiers from the 9-mc car- 

rier channel. The nondelay amplifiers increase 

the amplitude of the modulated 9-mc signal so 

that the video information can be detected 

efficiently. The gain of the first four nondelay 
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amplifiers is controlled manually by voltage 
divider R23864 and R2353 (NONDELAY 

AMPL. OUT) between —150 volts and ground. 

a. Resistor R2301 (68 ohms) matches the 

low impedance of the coaxial cable which con- 

nects to J2301 and carries the modulated 9-mc 

carrier signal from the 9-mc carrier channel. 

Resistor R2301 is also part of an attenuator 
network which includes R1380 in parallel with 

R2301 and both resistors in series with R1385 

(fig. 44). Because of the attenuator network, 

the amplitude of the voltage across R2301 is 

approximately 29.5 db less than the voltage 

applied to the attenuator network. The voltage 

across R2301 is applied to attenuator network 

R2302 (83K) and R2303 (100 ohms). The 

amplitude of the voltage across R2303 is ap- 

proximately 30.5 db less than the voltage across 

R2301. The total voltage attenuation of ap- 

proximately 60 db by both attenuators com- 

pensates for the approximately 60-db voltage 
loss in the mercury delay line in the delay 

channel. In this manner, the amplitudes of 
the inputs to the nondelay amplifier and the 

delay amplifier are made approximately equal. 

b. The output amplitudes of the nondelay 

channel and the delay channel are maintained 

nearly equal by proper adjustment of R2353 

which controls the gain of the nondelay am- 

plifier, and the amplitude balancing circuits 

which automatically control the gain of the 

delay amplifier. 

c. First nondelay amplifier V2301 is a sharp 

cutoff high transconductance type tube (5654). 

The stage operates as a single-tuned, low gain 

wide band 9-mc amplifier. Inductor L2311 

forms a series resonant circuit with the input 

capacitance of V2301. The Q of the tank cir- | 

cuit is kept low by the low resistance of R2303 
(100 ohms) and grid resistor R2304 (10K) to 

maintain a wide bandwidth. Capacitor C2301 

isolates the de bias voltage applied to the con- 
trol grid from the input circuits. The resist- 
ance of plate load resistor R2306 is low (1,500 

ohms) in order to maintain the necessary wide 

bandwidth. From an ac standpoint, R2306 is 

in parallel with inductor L2301 which forms a 
parallel resonant circuit with the interstage 

shunt capacitances (the output capacitance of 

V2301, the stray wiring capacitance, and the 
input capacitance of V2302). The flow of 
normal plate and screen currents through 



cathode resistor R2307 develops approximately 
1 volt of cathode bias. Cathode bypass capac- 
itor C2304 prevents the input signal from 
affecting the cathode bias during circuit opera- 
tion. The operating point of the tube is also 
affected by the fixed bias which is applied to 
the control grid from voltage divider R2364 

and R2353 (NONDELAY AMPL. OUT) be- 
tween —150 volts and ground. The gain of the 
stage is adjusted by changing the operating 
point which in turn varies the transconductance 
of the tube. 

d. The second, third, and fourth nondelay 

amplifiers are identical except that the plate 

load resistor of the fourth delay amplifier 
(R2318) is lower (1K) because the fourth non- 

delay amplifier output circuit is coupled to a 

different type tube (6005). All of the ampli- 

fiers are synchronous tuned to a center fre- 

quency of 9 mc. Four voltage amplifiers are 

necessary because of the low gain of each stage. 

MN 
FROM VI357 IN 9-MC 

C2302 
4,700 L ¥ 

e. Several precautions are taken to prevent 

feedback between stages to maintain the proper 

overall gain and bandwidth. Resistors R2305, 

R2309, R23138, and R2317, in conjunction with 

capacitors C2302, C2307, C2312, and C2317, 

prevent interaction due to the common +150 

volts plate and screen supply potential. The 

capacitors also function as screen bypass ca- 

pacitors. Resistors R2308, R2312, R2316, and 

R2320, in conjunction with capacitors C2303, 

C2308, C2313, C2318, and C2330, prevent in- 

teraction between stages due to the common 

grid bias potential which is applied to all four 

control grids. Filter network C2329 and R2323 

prevents signals from other circuits operating 

at 9 mc from entering the nondelay amplifier 

from the +150-volt supply. 

f. The amplified modulated 9-mc carrier sig- 

nal from V2304 is applied to fifth nondelay 

amplifier V2305. 

RRIER CHANNEL CA 
TO STH 

R2302 33K v2305 

L23!| ¢230) 03 = N NON- 
39UH 51 

CAPACITANCES ARE IN UUF -150V 

= |INON DELAY AMPL. OUT 

TMII67-35-94 

Figure 49. Nondelay amplifiers, simplified schematic diagram. 
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92. Fifth Nondelay Amplifier and Nondelay 
Amplifier Detector 

(fig. 50) 

Fifth nondelay amplifier V2305 is a beam 

power type tube (6005) which is used as a 9-mc 

power amplifier. The power amplifier is neces- 

sary to drive the low impedance nondelay am- 

plifier detector and the load on the detector. 

Nondelay amplifier detector V2306 is a dual 

diode type tube (5726) which is used as a full- 

wave positive detector. The modulated 9-mc 

carrier signal is demodulated (rectified and 

filtered) by the nondelay amplifier detector so 

that the output from the circuit is the positive 

envelope of the modulated 9-me carrier signal. 

a. Fifth nondelay amplifier V2305 is a single- 

tuned, low gain, wide band power amplifier. 

The normal flow of plate and screen currents 

develop approximately 4.5 volts of cathode bias 

across cathode resistor R2322 to operate the 

tube in its linear region. Cathode bypass ca- 

pacitor C2323 offers a very low impedance to 

the 9-me signal and prevents it from changing 

the operating point of the tube. The modulated 
9-me carrier signal from V2304 is coupled to 

the grid circuit by C2320. Inductor L2307 is 

tuned to 9 mc with the output capacitance of 

the fourth nondelay amplifier, the stray inter- 

stage wiring capacitances, and the input ca- 

pacitance of V2305. Because of the higher 

input capacitance of a 6005 type tube as com- 

pared with a 5654 type tube, L2307 is con- 

siderably smaller than the grid inductors of 

the second, third, and fourth nondelay ampli- 

fiers. The amplified 9-mc signal is developed 

across plate load resistor R2321 (3,300 ohms) 

in parallel with the primary of interstage 

coupling transformer T2301. Filter network 

R2323 and C2329 prevents 9-mc signals from 

other circuits supplied by +150 volts from ap- 

pearing in the plate circuit of V2305. 

b. Transformer T2301 couples the amplified 

9-me carrier signal to the input of nondelay 
amplifier detector V2306. The secondary of 

T2301 is tuned to 9 mc by C2325. The Q of the 

tuned circuit is decreased by shunt resistor 

R2324 to maintain the necessary wide band- 

width. The 9-mc oscillations in the tank circuit 

cause the diode sections to conduct alternately 

so that the signal appearing at the plates of the 

diodes is a pulsating de voltage with a ripple 

frequency twice the applied frequency. The 

full-wave detector makes it easier for pi filter 

C2327, L2310, and C2328 to smooth out the 
ripple frequency and at the same time not 

filter out the video pulses which modulate the 

9-mc carrier signal. The output of the filter 

is a positive envelope of the modulated 9-mc 

carrier signal. The positive pedestal portion 

of the output envelope (the dec component) is 

directly proportional to the amplitude of the 

9-mc input to the detector. 

c. The filtered positive envelope output from 

the nondelay amplifier detector is applied to 

two circuits. An output is applied through 

current limiting resistor R2325 and test selector 
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Figure 50. Fifth nondelay amplifier and nondelay amplifier detector, simplified schematic diagram. 
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switch $2353 to test meter M2350 as a dc volt- 

age to indicate the output level from the non- 
delay amplifier. Potentiometer R2353 (NON- 
DELAY AMPL. OUT) is adjusted to obtain 

an output level from the nondelay amplifier 

detector which produces a red-line indication 

of M2353. The amplitude balancing circuits 

then maintain the output level from the delay 

amplifier so that the negative output envelope 

from the delay channel is equal to the positive 

output envelope from the nondelay channel. 

d. The output from the nondelay amplifier 

detector is also applied through isolating re- 
sistor R2326 to the comparison point in the 

video circuits. Attenuator R2326 and R3301 

is necessary to balance the loss that takes place 

through a similar attenuator in the delay chan- 

nel. 

Section V. VIDEO CIRCUITS 

93. General 
(fig. 219) 

The video circuits amplify and limit video 
pulses in all modes of operation of the equip- 

ment before the video pulses are applied to the 

indicating system and the remote ppi. 

a. The video circuits include mti video ampli- 

fier V3303 (and the comparison point compo- 

nents in its input circuit), video polarizer 

V3304 (which includes crystal diodes CR3300 

and CR3301), mti video limiter V3305, normal 

video limiter V3306, video cathode follower 

V3307, remote video cathode follower V3308, 

video relay K3300, part of mode selector relay 

K3301, part of OPERATION SELECTOR 

switch $2354, and OPERATION switch S601 

(located on the indicator). 

b. In the normal and coho adjust modes of 

operation, negative video pulses representing 

both fixed and moving targets are applied to 

normal video limiter V3306 from crystal diode 

CR301 in the receiving system. The pulses are 

amplified or limited (depending on the input 

amplitude of each pulse) and applied to cathode 

followers V3307 and V3308 as positive video 

pulses. 

c. In the mti mode of operation, a positive 

envelope carrying bipolar video information 

from the nondelay channel and a delayed nega- 

tive envelope carrying bipolar video informa- 

tion from the delay channel are applied to the 

comparison point in the input circuit of V3303. 

As a result of comparing (or algebraically add- 

ing) the opposite polarity envelopes across the 

comparison point components, the returns from 

fixed targets are cancelled and only pulses rep- 

resenting moving targets are applied to and 

amplified by V3303. The bipolar video pulses 

from V3303 are polarized by V3304 so that all 

video pulses applied to V3305 are negative. 

The pulses are amplified or limited (depending 

on the input amplitude of each pulse) and ap- 

plied to cathode followers V3307 and V3308 as 

positive video pulses. 

d. The selection of either normal, coho ad- 

just, or mti video is accomplished by mode 

selector switches and relays. 
e. Three outputs are taken from the video 

circuits. Video information is applied to the 

indicating system from video cathode follower 

V3307. The same video information is applied 

to the remote ppi from remote video cathode 

follower V3308. A de voltage which represents 

the difference in levels of the inputs to the 

comparison point is taken from across capac- 

itor C3311 and applied to V3301 in the ampli- 

tude balancing circuits. 

94. Comparison Point Components and 
Mti Video Amplifier V3303 

(fig. 51) 

The positive envelope (which carries bipolar 

video information) from the nondelay channel 

and the delayed negative envelope (which car- 

ries bipolar video information from the previ- 

ous transmitted pulse) from the delay channel 

are added algebraically across the comparison 

point components in the input circuit of mti 

video amplifier V3303. The dc carrier levels 

and the returns from fixed targets are equal 

in magnitude and opposite in polarity and 

therefore cancel and are not applied to V3303.. 

Since the returns from a moving target gen- 

erally have different amplitudes, the resultant 

of the returns from two successive transmitted 

pulses is applied to V3303. 

a. The input network provides isolation be- 

tween the two signal input circuits and also 
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compensates for W2351 being in the delay 

channel. Resistors R3301 and R2357 are part 
of attenuators in their respective channels. 

The video pulses (or instantaneous differences 

between the two input signals) are developed 

at the grid of V3303. If the magnitudes of the 

input envelopes (the de components) are not 

equal, a net dc voltage is developed across 

C3311, with the polarity depending on which 

envelope is larger. The video pulses riding on 

the envelopes (or pedestals) have negligible 

effect on the voltage across C3311, which is the 

output to the amplitude balancing circuits, be- 

cause the integrated signal voltage developed 

across C3311 is negligible. 

b. The normal flow of plate and screen cur- 

rents through cathode resistor R3307 and po- 

tentiometer R3306 establishes the normal cath- 

ode potential. The control grid is normally 

very close to ground potential so that the cath- 

ode potential establishes the operating point 

of the tube. The tube is operated in its linear 

region so that either positive or negative input 

pulses receive the same amplification. Cathode 

bypass capacitor C3301A prevents degenera- 
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ea eee aa 

Sy ets 
R2357 
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Figure 51. 

tion across R3307 during circuit operation. 

Decoupling resistor R3335 establishes the nor- 
mal screen and plate supply potential at +130 

volts. Decoupling capacitors C3300A and 

C3300B prevent degeneration during circuit 

operation. 

c. When the input pulses are applied, part of 

the input signal is purposely cancelled because 
of the degeneration across unbypassed poten- 

tiometer R3306 (mti video gain). The stage 

gain is controlled by varying the amount of 

degeneration that takes place across the por- 

tion of R3306 that remains in the circuit. The 

amplified positive and negative video pulses are 

developed across plate load resistor R3305 and 

applied to video polarizer V3304. 

95. Video Polarizer V3304 
(fig. 52) 

The pulse-to-pulse method of mti causes the 

resultant video pulses at the comparison point 

to be either positive or negative in polarity. 

Before being applied to the indicators, the in- 
formation must be polarized so that all of the 

video pulses have the same polarity. Video 
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Comparison point and mti video amplifier, simplified schematic diagram. 



polarizer V3304 functions so that the output 
pulses are all negative regardless of the polar- 
ity of the input pulses. Polarization is accom- 

plished by operating V3304 so that an input 

pulse of either polarity causes both positive 
and negative pulses to be applied to crystal 
diodes CR3300 and CR3301. The crystal diodes 
are connected so that only negative pulses ap- 
pear in the output of the circuit. 

a. The 5654 pentode type tube is connected 

as a triode in the video polarizer circuit. The 

screen grid is retuned to the plate through 

parasitic suppressor resistor R3328 (220 

ohms). Two equal load resistors are used in 

the stage, R3318 in the cathode circuit, and 

R3315 in the plate circuit. The normal flow 

of plate current through V3304 develops ap- 

proximately .6 volt of cathode bias across cath- 

ode resistor R3317 and approximately 28 volts 

across load resistor R3318. Grid _ resistor 

R3318 is returned to the junction of R3317 and 

R3318 (rather than ground) so that the normal 

grid potential is also 28 volts and only the 

voltage developed across R3317 establishes the 

operating point of the tube. 

b. Operation of the video polarizer stage 

depends on the fact that the forward resistance 

(against the arrowhead in the symbol) is less 

than one thousand ohms and the backward 

resistance (in the direction of the arrowhead 

in the symbol) is several hundred thousand 

ohms. 

c. Video signals are coupled from V3303 by 

C3302 and are developed across grid resistor 

R3316. When a positive video pulse is applied 

to the grid of V3304 a positive pulse is devel- 
oped across R3318 and coupled across R3319 

by coupling capacitor C3304. The positive 

voltage developed across R3319 causes very 

little current flow through R3321 because of 

the high backward resistance of CR3301. At 

the same time that the positive input pulse 

causes a positive pulse to be developed across 

R3318 it causes a negative pulse to be devel- 

oped at the plate of V3304. The negative pulse 

is coupled from the plate of V3304 to R3320 by 

coupling capacitor C3303. The negative volt- 

age developed across R3320 causes a relatively 

large current to flow through the forward re- 

sistance of CR3300 and therefore a resultant 

current through load resistor R3321. As a re- 

sult, when a positive pulse is applied to the in- 

y €3302 VIDEO 15K y 
MTI VIDEO ‘ 

—— V3304 

put of V38304, a negative pulse is developed 

across R38321 because CR3300 conducts more 

than CR3301. 

d. When a negative pulse is applied to the 
input of V3304, the negative pulse developed 

across R3318 causes CR3301 to conduct more 

than the positive pulse developed at the plate 

of V3304, causes CR3300 to conduct, and again 

a negative pulse is developed across load re- 

sistor R3321. 

e. The polarized (all negative) video pulses 

developed across load resistor R3321 are ap- 

plied to mti video limiter V3305. 

(TO C3300) 
+130V 

CR3300 

FROM V3303 

= TMII67-35-105 

Figure 52. Video polarizer, simplified 
schematic diagram. 

96. Video Limiters 
(fig. 53) 

Mti video limiter V3305 and normal video 

limiter V3306 amplify weak video pulses, am- 

plify and limit strong video pulses (depending 

on the individual amplitudes of the input 

pulses from the video polarizer), and apply 

the proper video information to the output 

cathode followers. The limiter circuits are con- 

trolled by switches and relays so that one or 

the other stage is operative depending on the 

mode of operation of the equipment. 

a. If OPERATION SELECTOR = switch 

$2354 is in the NORMAL position, of if $2354 

is in the REMOTE position and OPERATION 

switch S601 (on the indicator unit) is in the 

NORM position, the ground circuits of mode - 

selector relay K8301 and video relay K38300 

are completed and both relays are energized. 

The contacts of K3300 disable mti video lim- 

iter V3305 by opening its cathode circuit and 

the contacts of K3301 enable normal video lim- 

iter V3306 by grounding its cathode. 
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b. Normal video limiter V3306 is operated 

with zero bias since the input pulses are all 

negative in the normal mode of operation. The 

cathode is grounded through the contacts of 

K8301 and the control grid is returned to 

ground through grid resistor R2323. The 

screen and plate circuits of V3306 and V3305 

are common. The normal flow of screen cur- 

rent through V3306 has two paths: It flows 

through R3322 to +150 volts and also through 

the forward resistance of crystal diode CR3302, 

plate load resistors R3324, R3326, and R3330, 

and decoupling resistor R3327 to +150 volts. 

The flow of screen grid current through screen 

grid dropping resistor R3322 drops the normal 

screen grid potential to approximately +55 

volts. With the screen grid potential very low, 

the normal fiow of plate current through V3306 

is reduced to less than 1 ma. The flow of plate 

current through R3324, R3326, R3330, and 

R3327 (in addition to the screen grid current 

that flows through these resistors) drops the 

normal plate potential to approximately 40 

volts. Because of the high backward resistance 

of CR3302, no appreciable plate current flows 

through R3322. 

c. Negative video pulses representing fixed 

and moving targets are coupled from the re- 

ceiving system by coupling capacitor C3306. 

The input negative pulses are amplified by 

V3306 so that positive pulses are developed in 

the plate circuit. Any input pulse large enough 

to cause the plate potential to rise above the 

screen grid potential (+55 volts) causes crys- 

tal diode CR3302 to conduct in its forward 

direction. Limiting takes place because the 

flow of screen grid current through the plate 

load resistors holds down the plate potential 

of V3306. While the stage is operated as a 

limiter for strong input pulses, weak input 

pulses receive normal amplification. Screen 

bypass capacitor C3305A prevents degeneration 

by preventing the screen grid potential from 

varying during the application of video pulses. 

The video pulses are decoupled from the +150- 

volt supply by R3327 and C3305B. 

d. Because of limiting in the plate circuits 

of V3305 and V3306, the maximum amplitude 

of the positive pulses at the common plates of 

the limiter stages is approximately 15 volts in 

any mode of operation of the equipment. The 

plate load of V3306 is tapped so that smaller 
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maximum amplitude pulses (approximately 6 

volts) are coupled to V3307 by coupling capac- 

itor C3307 and even smaller maximum ampli- 

tude pulses (approximately 3 volts) are coupled 

to V3308 by coupling capacitor C3308. 

e. If OPERATION SELECTOR = switch 

$2354 is placed in the COHO ADJUST position 
(or if S2354 is placed in the REMOTE position 

and OPERATION switch S601 is placed in the 

COHO. ADJ. position), K3301 remains ener- 

gized but K38300 deenergizes because its ground 

circuit is opened. Mti video limiter V3305 re- 

mains disabled and normal video limiter V3306 

continues to operate in the same manner except 

that cathode bias network R3336 and C3309 

is placed in the cathode circuit. The cathode 

bias shifts the operating point of the tube so 

that both positive and negative input pulses to 

V3306 can be amplified. The operating point 

is shifted because in the coho adjust mode of 

operation the coherent oscillator in the receiv- 

ing system is enabled by other contacts of 

K3301 and both negative and positive pulses 

are applied to V3306. If the operating point 

of V3306 were not shifted away from the zero 

bias operating point, very small positive input 

pulses would drive the tube into the plate cur- 

rent saturation and the positive pulses would 

not be reproduced. 

f. If OPERATION SELECTOR § switch 

$2354 is placed in the MTI position (or if 
$2354 is placed in the REMOTE position and 

OPERATION switch S601 is placed in the MTI 

position), the ground circuits of both K3300 
and K8301 are opened and both relays deener- 

gize. Mti video limiter V3305 is made opera- 

tive by grounding its cathode and normal video 

limiter V8306 is disabled by opening its cath- 

ode circuit. Except for the fact that negative 

mti video pulses are coupled (by C3310) to 

V3305 from video polarizer V3304, the opera- 

tion of V3305 is identical with that of V3306 

in the normal mode of operation. 

97. Video Cathode Followers 
(fig. 54) 

In all modes of operation, video is applied to 

video cathode follower V3307 from the common 

plate circuits of the video limiters. The stage 

operates as a power amplifier and matches the 

impedance of the coaxial cable which connects 

to J303 and carries video information to the 
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indicating system. Remote video cathode fol- 

lower V3308 does the same for the video that 

is applied to the remote ppi unit. 

a. Both fixed and cathode bias are used in 

the V3307 circuit. Voltage divider R3334 and 

R3333 between —150 volts and ground estab- 

lishes the grid potential at —2.2 volts. Cath- 

ode bias (approximately 3.7 volts) is developed 
across cathode resistors R3337 and R3328 by 

the normal flow of plate current. Both types 

of bias are used to establish the operating point 

of the tube, because the amount of resistance 

in the cathode circuit affects the output im- 

pedance of the stage. The stage is operated 

as a triode with the plate returned to +150 

volts and the screen also returned to +150 

volts except for small parasitic suppressor re- 

sistor R3329 (68 ohms) and small decoupling 
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Video limiters, simplified schematic diagram. 

resistor R38327 (68 ohms). Capacitor C3305B, 

in conjunction with R3327, decouples video 

pulses from the +150-volt supply. 

b. The input positive video pulses from the 

video limiters are developed across grid resis- 

tors R3325 and R3333 and are developed at the 

cathode with slightly reduced amplitude. The 

amplitude of the positive video pulses applied 

to the indicating system is further reduced be- 

cause the pulses are taken from the junction 

of R3328 and R38337. This is done to match 

the impedance of the coaxial cable which con- - 

nects to J803 and carries the video information 

to the indicating system. 

c. Remote video cathode follower V3308 

‘operates the same as V3307 except that the 

input positive pulses are smaller in amplitude 

and the cathode circuit of V3308 is completed 

91 



@® r® NORMAL OR MTI VIDEO 
FROM C3308 

NORMAL OR MTI VIDEO 

FROM C3307 

VIDEO 

CATHODE FOLLOWER 
V3307 
6AG7 

@ NORMAL VIDEO 

R3327 
220 

MTI VIDEO = 

Figure 54. 

in the remote indicator unit by approximately 

75 ohms of resistance to ground. The cathode 

of V3308 is left open in the signal comparing 

system so that no power is drawn from the 

power supply when the remote ppi unit is not 

used. 

d. Cathode follower V3307 will operate (but 

improperly) if R3327 were to become open be- 

Section VI. 

98. General 
(fig. 219) 

In the pulse-to-pulse comparison method of 

mti used in the AN/TPS-1D, the amplitude of 

the returns from one transmitted pulse are 

compared with the returns from the following 

transmitted pulse so that the returns from 

fixed targets cancel and only the returns from 

moving targets are displayed on the indicators. 

To obtain maximum cancellation of the returns 

from fixed targets, the amplitude of the re- 

turns from fixed targets (and the de compo- 

nents) from the nondelay channel and delay 

channel must be equal at the comparison point. 

The amplitude balancing circuits are adjusted 

so that these two inputs are equal initially; 

then the amplitude balancing circuits automa- 
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Video cathode followers, simplified schematic diagram. 

cause there is a resistor in the indicator (R672) 

which is in parallel with R3327. Remote video 
cathode follower V3308 cannot operate unless 

its cathode circuit is completed by a terminat- 

ing resistor; therefore no video can be seen at 

test point TP301 unless a remote ppi unit is 

used or unless some other termination is pro- 

vided from J305 to ground. 

AMPLITUDE BALANCING CIRCUITS 

tically adjust the gain of the delay amplifier 

during operation to maintain the inputs to the 

comparison point equal in amplitude. 

a. The amplitude balancing circuits consist 

of amplitude balancing dc amplifier V3301, 

voltage reference tubes V3300 and V3302, part 

of OPERATION SELECTOR switch S2354, 

AMPL. BALANCE R2354, and RECEIVER 

AMPL. BALANCE R2627 on the indicator unit. 

b. The only signal input to the amplitude 

balancing circuits is a de voltage which repre- 

sents the difference in magnitude of the de 

components from the delay and nondelay chan- 

nels. It is applied to the amplitude balancing 

circuits from C3311, one of the comparison 

point components, in the input circuit of V3303 

in the video circuits. 



c. The only output from the amplitude bal- 
ancing circuit is the amplitude balancing bias 
which is applied from C3301B to the first four 
delay amplifiers in the delay channel. 

_  d. Regulated +150 and —150 volts de are 
applied from the power supply through power 
line filter Z2351. Filament voltage (6.3 volts 
ac) is applied to V3301 from filament trans- 
former T2350. Voltage reference tubes V3300 
and V3302 are cold cathode type gas tubes and 
therefore do not require filament voltage. 

99. Amplitude Balancing Circuits 
(fig. 55) 

A de voltage which is the difference between 

the de components of the output from the delay 

and nondelay channels is applied to the ampli- 

tude balancing circuits. Amplitude balancing 

de amplifier V3301, in conjunction with voltage 

reference tubes V3300 and V3302, amplifies the 

difference and produces a bias for the delay 

amplifier which automatically adjusts the gain 

- of the delay amplifier so that the input differ- 

ence voltage is minimized. 

a. Voltage reference tubes V3300 and V33802 

are OB2 type miniature voltage regulator tubes. 

They are used in the circuit to provide refer- 

ence voltages. Operated within their current 

ratings the voltage across them remains a con- 

stant 108 volts regardless of changes in the 

voltages applied to them. During circuit oper- 

ation, V3300 holds the cathode of V3301B at 

a constant +42 volts and V3302 holds the 

R3314 and R3313 junction 108 volts below the 

voltage at the plate of V3301B. 

b. Voltage reference tubes V3300 and V3302 

and both sections of V3301 normally conduct. 

With R2354 in its midposition, the flow of nor- 

mal plate current through plate load resistors 

R3309 and R2354 (AMPL. BALANCE) drops 

the plate potential of V3301A (pin 1) and the 

grid potential of V3301B (pin 7) to +40 volts. 

The normal flow of plate current through 

V3301B and V3302 drops the plate voltage of 
V3301B (pin 6) to +105 volts. The normal 
flow of current through V3300 establishes the 

voltage at the cathode of V3301B (pin 8) ata 

constant reference potential of +42 volts. 

These currents develop a bias of 2 volts for 

V3301B so that the tube is operated in its 

linear region. With these normal conditions, 

the flow of plate current from —150 volts de 

through R3314, V3302, and R3312 (in addi- 
tion to the normal plate current of V3301B 

through R3312) to +150 volts de makes the 

junction of R3314 and R38313 equal to ap- 

proximately —3 volts. The voltage at the 

junction of R3314 and R3313 is the normal bias 

potential for the delay amplifiers because there 

is no current flow to or from the delay ampli- 

fiers. 

c. If the nondelay channel and delay channel 

are working normally and all component values 

are exact, the midposition setting of R2354 

produces an output bias voltage from the ampli- 

tude balancing circuits which causes the output 

amplitude from the delay channel to be equal to 

the output amplitude from the nondelay chan- 

nel and the input to V3301A is zero. Since an 

exact balance in the two channels is not likely, 

assume that the gain of one of the amplifier 

stages in the nondelay channel (V2308) is less 

than its comparable amplifier in the delay chan- 

nel (V1303). This results in the output dc 

component from the nondelay channel to be 

less positive and a resultant negative voltage 

is developed across C8311 and applied to 

V3301A. 

d. A negative going de input voltage to the 

grid of V3301A causes plate current flow 

through V3301A to decrease and its plate volt- 

age and the voltage at the grid of V3301B to 

increase. The cathode of V3301B is held at a 

constant potential by V3300 so that the posi- 
tive going potential at the grid of V3301B 

causes plate current through V3301B to in- 

crease and the voltage at the plate of V3301B 

decreases. Since the voltage across V3302 is 

a constant 108 volts, a decrease in voltage at 

the plate of V3301B causes the voltage at the 

junction of R3314 and R3313 to become more 

negative and the output amplitude balancing 

bias to the delay amplifiers becomes more nega- 

tive. This causes the gain of the delay channel 

to reduce to the point where its output de com- 

ponent is slightly more than the output dec 

component from the nondelay channel. 

e. The operation of the amplitude balancing ~ 

circuits is similar to that of a closed loop servo 
system. The comparison point (the sensing 

device) develops an error voltage, V3301 am- 

plifies the error (the difference between the de 

components from the delay and nondelay chan- 

nels), and the amplitude balancing bias (the 
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followup signal) is applied to the delay ampli- 

fier to adjust its gain and equalize the inputs to 

the comparison point. As in a closed loop servo 

system, the error is not completely canceled 

out during circuit operation. The more the 

error signal (the input to V3301A) is amplified, 

the closer the inputs to the comparison point 

can be equalized. But a very small difference 

(the error voltage) is necessary to change the 

amplitude balancing bias and to maintain it 

changed from the perfect balance values and 

hold the de component output from the delay 

channel changed. 

f. The amplitude balancing circuit responds 

only to the differences in the average levels (or 

the de components) to the comparison point. 

Filter capacitor C3301B is too large (.5 pf) to 

respond to short time duration differences in 

the input to the comparison point. The long 

time constant of C3301B and R3313 also com- 

pensates for the approximately 350 microsec- 

onds out of 2,500 microseconds that there is no 

input to the amplitude balancing circuit be- 

cause the 9-me carrier oscillator is gated. An 

instantaneous amplitude balancing circuit is 

not desirable because it would minimize the 

differences in amplitudes of the returns from 

moving targets and make subclutter visibility 

poor. 

g. In normal alinement of the signal com- 

paring system for proper mti operation, the 

gain of the nondelay channel is adjusted for 

a red-line indication; then R2354 is adjusted 

so that the amplitude balancing circuit makes 
the output from the delay channel also give a 

red-line indication. This adjusts the amplitude 

balancing circuits and the delay channel so 

that the amplitude balancing circuits main- 

tain the inputs to the comparison point essen- 

tially equal during circuit operation. 

h. When OPERATION SELECTOR switch 

$2354 is in REMOTE position, R2627 (RE- 

CEIVER AMPL. BALANCE), which is located 

on the indicator unit, takes the place of R2354 

so that the operator can make this adjustment 

on the front panel of the indicator. 
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Figure 55. Amplitude balancing circuits, simplified schematic diagram. 
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Section VII. 

100. General 
(fig. 219) 

In the pulse-to-pulse comparison method of 
mti used in the AN/TPS-1D, the returns from 
one transmitted pulse are compared with the 

returns from the following transmitted pulse 

so that the returns from fixed targets cancel 

and only the returns from moving targets are 

displayed on the indicators. Time delays not 

common to the delay channel result from the 

fact that the output of the delay amplifier de- 

tector is used to start the timing of the next 

transmitted pulse. To obtain maximum can- 

cellation of the returns from fixed targets, the 

inputs to the comparison point must exactly 

coincide in time. The time balancing circuits 

are used to obtain a variable time delay so that 

the signal comparing system can be adjusted 

to obtain the necessary time balance between 

the inputs to the comparison point. Time bal- 

ance is accomplished by delaying the output 

from the delay amplifier detector an additional 

1.9 microseconds before it is applied to the 

comparison point, and then the variable time 

delay of the time balancing circuits is adjusted 

so that the total of all the time delays affecting 

the timing of the output from the nondelay 

channel is equal to 1.9 microseconds. 

a. The time balancing circuits consist of 

slope generator V1350, pick-off amplifier V1351, 

part of OPERATION SELECTOR switch 

$2354, R2356 (MTI BALANCE), and R2618 

(MTI BALANCE) on the indicator. 

b. The input to the time balancing circuits is 

the negative envelope from the delay amplifier 

detector (WT). It is applied from the delay 

amplifier detector to the grid of slope generator 

V1350. 

c. The output from the time balancing cir- 

cuits is a negative pulse which is applied to 

the grid of the V1354 section of the carrier 

gate multivibrator to synchronize the multi- 

vibrator. 

d. Regulated +150 volts de is applied from 

the power supply through power line filter 

Z2351. Filament voltage for V1350 and V1351 

is applied from filament transformer T2350. 

TIME BALANCING CIRCUITS 

101. Time Balancing Circuits 
(fig. 56) 

A negative envelope from the delay amplifier 

detector is applied to the time balancing cir- 

cuits. The time balancing stages, slope gen- 

erator V1350 and pick-off amplifier V1351, pro- 

duce a negative trigger which is used to syn- 

chronize the carrier gate multivibrator. The 

output negative trigger pulse is variable from 

the time equal to the start of the negative in- 

put envelope to approximately 3 microseconds 

after the start of the negative input envelope. 

This variable time delay is used to obtain an 

exact time balance between the two inputs to 

the comparison point. 

a. Slope generator V1350 is operated with 

zero bias. The normal flow of screen grid cur- 

rent through screen dropping resistor R1351 

establishes the screen grid potential at +68 

volts. The normal flow of plate current 

through plate load resistor R1352 holds the 

plate voltage at +10 volts and the capacitances 

between plate and ground (C1353 and the asso- 

ciated tube and circuit shunt capacitances) are 

normally charged to +10 volts. 

b. The input negative envelope (waveform 

A) is coupled from the delay amplifier detector 

by coupling capacitor C1350 and differentiated 

across grid resistor R1350 (waveform B). The 

time constant of R1350 and C1350 is short (90 

psec) as compared to the relatively long dura- 

tion of the negative going portion of the input 

signal (2,150 psec) so that the negative going 

voltage at the grid is a peaked wave which 

returns to zero in approximately 450 micro- 

seconds. When the input voltage swings posi- 

tive, the grid becomes positive with respect to 
the cathode so that the positive voltage devel- 

oped at the grid is a sharp positive peak which 

is narrower and smaller in amplitude than the 

negative peak because the low cathode-to-grid 

impedance is in parallel with R1350 during the 

application of the positive going portion of the — 

input. The positive going portions of wave- 

forms A and B do not affect the timing of the 

time balancing circuits. 

c. With V1850 operated with the screen 

voltage low, the cutoff potential for the tube 

is also low (the dotted line in waveform B), 
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and the extreme negative portion of the differ- 

entiated peak applied to the grid cuts off 

V1350 and holds it cutoff for approximately 60 

microseconds. While the tube is beyond cut- 

off the operation of the stage is similar to a 

sawtooth generator. When plate current 

through V1350 ends, the capacitances from the 

plate of V13850 to ground start to charge ex- 

ponentially toward +150 volts. The first por- 

tion of the exponential change is fairly linear; 

and this sloping voltage is coupled across grid 

resistor R1353 by coupling capacitor C1354 

(270 wpf) to trigger pick-off amplifier V1351 

into conduction. Once V1351 is triggered into 

conduction (from 0 to 3 microseconds after 

V1350 cut off) and the grid of V1351 rises 

above its cathode potential, the charge of C1354 

slows down the charge of the capacitances from 

the plate of V1350 to ground. The resultant 

waveform at the plate of V1350 (waveform C) 

is an exponential rise from approximately +10 

volts to approximately +1380 volts during the 

60 microseconds that V1350 is held beyond 

cutoff. When the input to V1350 rises above 

the cutoff potential of V1350 (the dotted line), 

the tube goes back into conduction and the 

capacitances in the plate circuit discharge to 

the normal conditions when they are all charged 

to +10 volts. Screen bypass capacitor C1352 

prevents degeneration by holding the screen 

grid potential close to +68 volts during the 

time that V1350 is beyond cutoff. 

d. Pick-off amplifier V1351 is operated so 

that it can be used to obtain a variable time 

delay of from 0 to approximately 3 micro- 

seconds. With OPERATION SELECTOR 

switch $2354 in the NORMAL, COHO AD- 

JUST, or MTI position, voltage divider R2356 

(MTI BALANCE), R1855, R1354, and R1367 

between ground and +150 volts establishes the 

cathode potential of V1351 at approximately 

+20 volts positive with respect to ground. The 

screen grid is returned to +150 volts. The 

control grid is normally at ground potential 

so that V1351 is normally beyond cutoff. Plate 

load resistor R1361 is also the plate load resis- 

tor of the V1353B half of the carrier gate 

multivibrator. For this reason, although 

V1351 is normally beyond cutoff and only con- 

ducts for a few microseconds during circuit 

operation, the plate voltage of V1351 normally 

measures approximately +57 volts because of 
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current flow through R1361 from the multi- 

vibrator. 

e. The circuit conditions just previous to the 

development of the variable trigger pulse in 

the plate circuit of V1351 are such that V1350 

conducts heavily, V1351 is beyond cutoff, the 

V1353B section of the carrier gate multivi- 

brator is beyond cutoff, and the V1354 sec- 

tion of the carrier gate multivibrator is con- 

ducting. The sloping rise in voltage at the 

plate of V1350 (waveform C), which begins 

when the negative input envelope is applied 

to V1350, is coupled to the control grid of 

V1351 (waveform D). At some point along 

the sloping rise, the positive going voltage 

overcomes the bias established by the setting 

of R2356, and causes plate current to flow 

through plate load resistor R1361. The pulse 

of current through R1361 causes a decrease in 

potential at the plate of V1351 which is coupled 

to the V1354 section of the carrier gate multi- 

vibrator and causes V1354 to cut off and re- 

verse the conducting conditions in the multi- 

vibrator at an exact time, depending on the 

setting of R2356 (MTI BALANCE). The 

greater the resistance of potentiometer R2356, 

the more positive the cathode of V13851 is and 

the more positive the grid of V1851 must be- 

come before V1351 conducts; therefore the 

greater the amount of time delay between the 

time of the start of the negative input to V1350 

and of the negative pulse of current through 

R1861 which synchronizes the carrier gate 

multivibrator. It is possible to vary the re- 

sistance of R2356 from 0 to 50K to vary the 

time delay produced by the time balancing cir- 

cuits from 0 to approximately 3 microseconds. 

When OPERATION SELECTOR switch 82354 

is in the REMOTE position, R2618 (MTI BAL- 

ANCE) on the indicator serves the same pur- 

pose as R2356 but from the operating position. 

f. Once conduction of V1351 triggers the 

carrier gate multivibrator, the timing of the 

multivibrator is independent of further opera- 

tion of V1351 until 2,500 microseconds plus 0 

to 3 microseconds later. Soon after plate cur- 

rent starts to flow through V1351, the continu- 

ing rising potential at the grid of V1351 causes 

grid current to flow and the relatively fast 

time constant charge of C1354 differentiates 

the positive input from the slope generator to 

produce waveform D at the grid of V1351. 
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Cathode bypass capacitor C1355 prevents de- 
generation during the timing of the variable 

delay portion of the operation of V1351 by pre- 

venting the ac component of current from 

changing the cathode bias potential established 

by the de current through the voltage divider 

in the cathode circuit. Decoupling network 

R1367 and C1367A smooths out the pulses of 

current drawn from the +150-volt power sup- 

ply so that no interaction occurs between stages 

operated from the common +150-volt supply 

potential. 

g. The output negative pulse from the plate 

of pick-off amplifier V1351 cannot be observed 

Section VIII. 

102. General 
(fig. 219) 

The pulse-to-pulse comparison method of mti 

requires a very stable pulse repetition fre- 

quency. To obtain the necessary stability, the 

signal comparing system develops accurate 

trigger pulses to time the transmitting system. 

In the signal comparing system, the frequency 

of the carrier gate multivibrator is controlled 

by the trigger loop and the multivibrator gates 
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Time balancing circuit, simplified schematic diagram. — 

because the plate waveform of the V1353B 

section of the carrier gate multivibrator ap- 

pears at the plate of V1351 (waveform F). If 

the carrier gate multivibrator is disabled in an 

effort to observe the negative trigger pulse, 

the 9-me carrier oscillator will not oscillate and 

there is no delayed negative envelope input to 

V1350 so that the negative trigger cannot be 

developed by V1351. This illustrates the inter- 

dependency of the circuits in the trigger loop 

and the relatively large number of stages that 

afiect the generation of the trigger pulses ap- 

plied to the transmitting system. 

TRIGGER GENERATOR CIRCUITS 

the trigger generator circuits. The trigger 

generator circuits apply negative trigger pulses 

to the transmitting system 10 microseconds 

after the 9-mc carrier oscillator is gated into ~ 

oscillation. 

a. The trigger generator circuits consist of 

trigger generator V1353A and trigger ampli- 

fier V1352. 

b. The only signal input to the trigger cir- 

cuits is a gating voltage from the plate (pin 1) 
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of the V1353B section of the carrier gate multi- 

vibrator. 

c. The output from the trigger generator 

circuits is a series of negative pulses which 

are applied from J302 in the output circuit of 

V1352 to the trigger circuits in the transmit- 

ting system. 

d. Regulated +150 volts de is applied from 

the power supply through power line filter 

Z2351. Filament voltage for V1353A and 

V1352 is applied from filament transformer 

T2350. 

103. Trigger Generator Circuits 
(fig. 57) 

The trigger generator circuits are gated by 

the carrier gate multivibrator and produce neg- 

ative output triggers which occur 10 micro- 

seconds after the gated 9-me carrier oscillator 

is gated into oscillation. The negative output 

triggers are applied to the trigger circuits to 

trigger the transmitting system in all modes 

of operation except the normal (internal trig- 

ger) mode. Trigger generator V1353A is oper- 

ated as a shock-excited oscillator to provide the 

necessary 10 microseconds delay; trigger am- 

plifier V1352 is operated as a cutoff limiter so 

that only one negative pulse is produced each 

time a gate is applied to the trigger generator 

circuits (each time the 9-me carrier oscillator 

is gated into oscillation). 

a. The plate of trigger generator V1353A 

is returned to +150 volts de through decou- 

pling resistor R1267 (68 ohms) so that the plate 

potential is normally +150 volts. The plate 

potential remains at +150 volts during cir- 

cuit operation because the load for the stage 

is in the cathode circuit. The grid is returned 

to ground through grid resistor R1359. The 

normal flow of plate current is limited by cath- 

ode bias developed across cathode resistor 

R1360 (2,200 ohms) and the dc resistance of 

L1352 (108 ohms). The normal flow of plate 

current through L1352 creates a magnetic field 

about the inductor in the tank circuit. 

b. The input gating voltage (waveform A) 

from the carrier gate multivibrator is coupled 

to the grid of V1353A by coupling capacitor 

C1861. When the input negative swing in volt- 

age is developed across grid resistor R1359 

(waveform B) at time T:., the tube is rapidly 

driven beyond cutoff and the tank circuit in 
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the cathode circuit is shocked into oscillation. 

When the tube current cuts off, the inductor 

maintains current flow through itself in the 

same direction. The field about L1352 col- 

lapses, inducing a voltage across the inductor 

which is negative at the grid of the V1352 end 

of the tank circuit with respect to the ground 

end. This induced voltage, which is the out- 

put voltage from the circuit (waveform D), 

maintains current flow through the inductor 

and since the current cannot flow through the 

tube, it flows around the tank circuit and 

charges tank capacitor C1363. Once shocked 

into oscillation, the tank circuit continues to 

oscillate at a frequency which depends on the 

size of L1352 and C1363. The tank circuit 

components oscillate at a frequency of 50 kilo- 

cycles (kc). This makes the period of oscilla- 

tion 20 microseconds and the duration of one 

alternation equal to 10 microseconds. 

c. The trigger circuits must produce only 

one negative trigger each time they are gated. 

If more than one is produced, multiple trigger- 

ing of the transmitting system results and 

circuitry in the transmitting system automa- 

tically turns off the transmitter. Several fea- 

tures in the trigger generator circuits prevent 

multiple triggering. The oscillations in the 

tank circuit are critically damped and trigger 

amplifier V1352 is operated as a cutoff limiter 

so that only the first positive swing in voltage 

at the grid of V1352 (the voltage across the 

tank circuit) causes plate current to flow 

through V1352. The oscillations in the tank 

circuit are critically damped by the input cir- 

cuit of V1352. During the first positive swing 

in voltage, the grid potential rises above the 

cathode potential of V1352 and the flow of grid 

current loads down the tank circuit. This re- 

sults in the second positive alternation being 

smaller in amplitude so that it does not cause 

plate current to flow. The oscillations in the 

tank become critically damped. The second 

positive swing in voltage across the tank does 

not rise above the cathode potential of V1352, 

and the oscillations then damp out more gradu- 

ally because only the de resistance of L1352 

causes further damping. The lower amplitude 

oscillations are too small to cause multiple out- 

put trigger from the trigger generator circuits, 

because they do not cause plate current to flow 

through V1352. 
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d. With no input to trigger amplifier V1352, 

the operating point of V1852 is established 

close to cutoff by the high resistance of cathode 

resistor R1357 (100K). A large cathode resis- 

tor and cathode bypass capacitor are used so 

that the input signal causes additional bias 

to be developed to operate the tube beyond cut- 

off during circuit operation. When the tank 

circuit is shocked into oscillation, the first neg- 

ative alternation has no effect on V1352 be- 

cause the stage is already beyond cutoff. The 

first positive alternation raises the grid above 

cutoff and the flow of plate current through 

V1352 develops a negative pulse at the plate of 

V1352 10 microseconds after the trigger gen- 

erator circuits are gated by the carrier gate 

multivibrator. The first positive alternation 
also raises the grid above the cathode potential 

so that grid current flows and charges C1358. 

When the amplitude of the first positive alter- 
nation falls below the cathode potential (the 
voltage across C1358), grid current stops flow- 

all epee rerigyome Poe) 
TMI167-35-100 

Trigger generator circuits, simplified schematic diagram. 

ing and the long time constant discharge of 

C1358 (waveform D) holds the cathode suffi- 
ciently positive so that V1352 remains beyond 

cutoff until the tank circuit is shocked into 

oscillation again at time T.. Decoupling net- 

work R1367 and C1367A prevents interaction 

between stages through the common +150-volt 

supply potential. 

e. Negative output trigger pulses from the 

trigger generator circuits are coupled from the 

plate of V1352 to J302 by coupling capacitor 

C1360. The negative trigger pulses occur at 

the same frequency as the frequency of the 

carrier gate multivibrator but they occur 10 

microseconds after the carrier gate multivi- 

brator gates the 9-me carrier oscillator and 

trigger generator V1353A. The output nega- 

tive pulses are applied from J302 to the trigger 

circuits in the modulator of the transmitting 

system where they establish the timing of the 

transmitted pulses in all modes of operation 

except the normal (internal trigger) mode. 

Section IX. MISCELLANEOUS CIRCUITS 

104. General 
(fig. 219) 

All of the signal comparing system stages 

are located in Signal Comparator CM-36/ 

TPS-1D (signal comparator). The only parts 

in the signal comparing system which are not 

located in the signal comparator are R2618 

(MTI BALANCE) and R2627 (RECEIVER 

AMPL. BALANCE) which are operated adjust- 

ments on the indicator. These two potentiom- 

eters are in the signal comparing system cir- 

cuitry only when OPERATION SELECTOR 
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switch $2354 is in the REMOTE position. In 

any other position of $2354, the operation of 

the signal comparing system is independent of 

all units except for the power supply. Within 

the signal comparator considerable interdepend- 

ency exists between the signal comparing sys- 

tem and the receiving system. 

a. Two major subassemblies of the receiving 

system are located in the signal comparator: 

60-mc IF amplifier Z301 and coherent oscillator 

Z350. In addition, TEST METER M2350, 

TEST SELECTOR 823538, OPERATION SE- 

LECTOR 82354, and mode selector relay K3301 

are necessary for the operation of the receiving 

and signal comparing systems independently. 

The effect of these subassemblies and parts on 

the operation of the receiving system are dis- 

cussed in chapter 4. 

b. Some parts in the signal comparator affect 

the operation of the receiving system as well 

as the signal comparing system only because 

units of the receiving system are located in the 

signal comparator. These parts are discussed 

in paragraph 105. 

105. Miscellaneous Circuit Functioning 
(fig. 219) 

The parts discussed in this section affect 

the operation of the signal comparing system 

as a whole rather than the operation of indi- 

vidual subsystems or channels. All of these 

parts except Z2350 also affect the operation 

of the receiving system. 

a. When main POWER switch S602 on the 

indicator is thrown ON, power is applied to 

the primary of filament transformer T2350 

through terminals A and B of power line filter 

Z2351. The 115-volt, 400-cycle source is 

stepped down to 6.3 volts and applied from 

T2350 to all vacuum tubes in the signal com- 

parator except voltage reference tubes V3300 

and V3302. 

b. The internal temperature of the signal 

comparator is kept between 25° C. (77° F.) 

and 0° C. (82° F.) by blower motor B2350 and 

heater HR2351. When the internal tempera- 

ture reaches 25° C., high temperature ther- 

mostat $2352 closes and power is applied from 

terminals A and B of Z2351 to the windings of 

blower motor B2350. Capacitor C2350 (1 pf) 
is not part of the motor assembly but is neces- 

sary to the operation of the motor. Blower 
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motor B2350 is a two-phase induction motor 

which is operated from a single-phase supply. 

Capacitor C2350 is a phase-splitting capacitor 

which is placed in series with one of the stator 

coils to make the current through the two 

stator coils 90° out of phase to satisfy the re- 

quirement that the fields about the stators of 

a two-phase motor must be approximately 90° 

out of phase. A fan on the rotor shaft circu- 

lates air through the unit. When the internal 

temperature drops to 10° C., S2352 opens and 

power is removed from the motor. Because 

the fan of the blower motor is exposed and 

presents a hazard to personnel working inside 

the unit, interlock $2355 opens when the unit 

is pulled from its case. When S2355 opens, 

power is removed from the blower motor. 

Ventilation is not necessary when the unit is 

pulled from its case. 

c. When the internal temperature of the 

signal comparator drops to 0° C., low tempera- 

ture thermostat S2351 closes and power is ap- 

plied from terminals J and M on Z2351 through 

terminals A and B of P/J2354 to strip space 

heater HR2351. The 150-watt heater increases 

the internal temperature of the unit until it 

reaches 15° C. At this time, $2351 opens and 

power is removed from the heater. 

d. Power line filter Z2351 contains a number 

of capacitor and inductor type filters which pre- 

vent high frequency noise variations from en- 

tering the signal comparator from the inter- 

connections of the power supply to which J301 

connects. 

e. Sections A, B, E, and F of OPERATION 

SELECTOR switch $2354 affect the operation 

of the signal comparing system. Section A 

actuates video relay K3300. Section B actu- 

ates mode selector relay K3301. The manner 

in which the switches and relays change the 

modes of operation is discussed in paragraph 

96. Section E of $2354 controls whether R2356 

or R2618 (on the indicator) is used to adjust 

the time balancing circuits. Section F controls 

whether R2354 or R2627 (on the indicator) is 

used to adjust the amplitude balancing circuits. 

f. TEST METER M2350 is a 0- to 100-micro- 

ampere dc meter which is used in adjusting 

and troubleshooting the signal comparing sys- 

tem and the receiving system. TEST SELEC- 

TOR switch $2353 is a two pole, six position 

rotary switch which makes it possible to mon- 
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itor five different circuits and to remove M2350 

from the monitored circuits in the sixth posi- 

tion. Three circuits in the signal comparing 

system are monitored. The level of the input 

signal to the mercury delay line is monitored 

when $2353 is in the third position (DELAY 

LINE INPUT). In this position, R2352 is 

adjusted to obtain a red-line indication on 

M2350 to establish the correct input level to 

the delay and nondelay channels. The level of 

the output from the nondelay channel is mon- 

itored when 82353 is in the fourth position 

(NONDELAY AMPL. OUT.) In this posi- 

tion, R2353 is adjusted to obtain a red-line 

indication on M2350 to establish the optimum 

output level from the nondelay channel to the 

comparison point. The level of the output 

from the delay channel is monitored when 
$2353 is in the fifth position (AMPL. BAL- 

ANCE). In this position, R2354 is adjusted 

to obtain a red-line indication on M2350 to 

establish the output level from the delay chan- 

nel to the comparison point equal to the level 

of the output from the nondelay channel to the 

comparison point. Adjustment of R2354 

affects the amplitude balancing circuits which 

in turn make the amplitude of the output sig- 

nal from the delay channel equal to the out- 

put from the nondelay channel at the com- 

parison point. 

g. In addition to being used for alinement of 

the signal comparing system, M2350 and 

$2353 are used in localizing trouble within the 

signal comparing system and the receiving 

system. Once the equipment is adjusted for 

proper operation, an abnormal reading on 

M2350 indicates trouble in the monitored cir- 

cuit. 

h. Mercury delay line test unit Z2350 is a 

test attenuator which is mounted on clips in 

the signal comparator. It is substituted in 

place of the mercury delay line when it is sus- 

pected that the attenuation of the mercury de- 

lay line is too high. The nominal voltage 

attenuation of Z2350 is 65 db, which is also the 

nominal attenuation of mercury delay line 

W2350. 
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CHAPTER 6 
INDICATING SYSTEM 

Section I. 

106. General 

a. The indicating system, located entirely 

within Azimuth-Range Indicator IP-141/ 

TPS-1D, displays video pulses that represent 

the positions of targets in either the normal 

or mti mode of operation. Targets are dis- 

played on a 77-inch ppi scope and a 5-inch 

A-scope. 

b. The ppi scope displays slant range and 

azimuth as polar coordinates on a long persist- 

ence screen. Either 5, 10, or 25-mile range 

markers which appear as concentric circles on 

the ppi may be selected for measuring range. 

A radial. sweep, which can be seen through a 

transparent illuminated scale calibrated in de- 

grees of azimuth or mills, indicates azimuth 

as it is made to follow antenna rotation. The 

ppi scope detects targets in all directions; thus, 

the antenna is rotated continuously when view- 

ing this scope. The long persistence of the 

screen stores information until the antenna 

returns to a particular reference azimuth. In 

this way a radar map of the area is presented 

with the radar site at the center. In the mti 

mode of operation, only moving targets are 

displayed. 

c. Each scope has its own gating circuits, 

sweep circuits, and range selector switch. The 

ranges are 20, 40, 80, and 160 nautical miles. 

The A-scope range selector switch has an addi- 

tional position for viewing any expanded 10- 

mile segment of range between approximately 

15 miles and 160 miles. The position of the 

range strobe (seen only on the ppi scope) de- 

termines the start of the 10-mile expanded seg- 

ment of range appearing on the A-scope. 

d. The A-scope displays slant range along a 

particular azimuth on a short persistence 

screen to obtain more accurate range informa- 

tion and better range resolution on specific 

targets already detected on the ppi scope. Five 

and 25-mile range markers or 10-mile range 

markers appear as sharp pips for range meas- 
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urement. To detect targets on the A-scope, 

the antenna must be positioned so that the 

target is in the antenna beam. This scope is 

also used when adjusting the radar system. 

e. The indicating system functions only when 

the RADIATE switch is in the ON position 

because the indicator trigger is obtained from 

a winding on pulse transformer T502 in the 

receiver-transmitter. Without an _ indicator 

trigger, both scopes are normally blank be- 

cause no trigger is applied to the sweep and 

unblanking circuits. 

f. In addition to the indicator trigger, the 

only other signal inputs into the indicating sys- 

tem are positive video pulses from the signal 

comparing system and positive IFF video 

pulses from the associated IFF equipment. 

These three coaxial inputs and all other inputs 

come from the interconnections within the 

power supply unit. 

g. While there are no signal outputs from 

the indicating system, all controls necessary 

to operate the complete equipment are located 

on the front panel of the indicator. 

h. All ac and dc potentials necessary to oper- 

ate the indicating system come from the power 

supply unit except for +5,000, +1,500, +700, 

and —1,500 volts de potentials, which are pro- 

duced in the indicator high-voltage power sup- 

ply. 

i. The relationship of the indicating system 

with respect to other functional systems of 

the AN/TPS-1D is discussed in the block dia- 

gram analysis in TM 11-1167-20. 

Figure 58. Indicating system, block diagram. 

Contained in separate envelope. 

107. Simplified Block Diagram 

a. The indicating system (fig. 58) can be 

logically broken down into six subsystems as 

follows: 
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(1) Ppi sweep circuits. 

(2) Fixed range marker circuits. 

(3) Range strobe generator. 

(4) A-scope sweep circuits. 

(5) Video circuits. 

(6) Indicator high-voltage power supply. 

b. These subsystems are blocked in with 

dotted lines and are discussed in paragraphs 
108 through 1138. 

108. Ppi Sweep Circuits 
(fig. 58) 

The ppi sweep circuits generate and display 

a sharp, intensified, radial sweep, which ex- 

tends from the center of the ppi screen out- 

ward. To have the beam move linearly from 

the axis of the tube (when the transmitter 

fires) to the outer edge of the screen (at a 

time which depends on the setting of the ppi 

Sweep range selector switch), the ppi sweep 

circuits must generate a sweep voltage which 

will cause a linear change in current through 

the deflection coil. This linear change in cur- 

rent causes the strength of the magnetic field 

about the deflection coil to increase linearly 

and thus deflect the beam linearly. This sweep 

provides a linear time base upon which targets 

are displayed. As the antenna is rotated, the 

antenna drive motor also drives a synchro 

transmitter. Stator information is sent from 

the antenna positioning system to the indicat- 

ing system. Synchro receiver B602, in the 

indicating system, drives the deflection coil 

(yoke) so that the ppi sweep always indicates 

the azimuth to which the antenna is pointing. 

a. Ppi-gate multivibrator V603 is triggered 

by the indicator trigger. It provides a nega- 

tive gate to ppi-sweep generator V605 while 

providing a positive gate to the control grid of 

the ppi scope to allow beam current to flow. 

The time duration of the gate is 20, 40, 80, or 

160 miles, depending on the position of a range 

selector switch. Ppi-gate clamper V604A 

clamps the grid voltage of V603B to the same 

potential for all sweep ranges. 

b. Ppi-sweep generator V605 produces a 

positive sawtooth voltage which is amplified by 

sweep voltage amplifiers V606A and V606B. 

Since changes in current are necessary to de- 

flect the beam, ppi sweep power amplifier 

V608 controls the changes in current. Feed- 

back from V608 to V606A makes the deflection 

coil current through V608 uniformly propor- 

tional to the input sawtooth voltage to V606A. 

Ppi-sweep clamper V607A insures that the 

sweep starts at the same point on the screen 

regardless of the sweep range being used. 

c. Ppi focus current regulator V610 uses the 

constant current characteristics of a pentode 

to maintain focus current constant. This is 

necessary because focus current is supplied by 

an unregulated +450-volt de supply voltage. 

109. Fixed Range Marker Circuits 
(fig. 58) 

a. The fixed range marker circuits generate 

range markers for both the ppi and the A- 

scope. Normally, 5-mile range markers are 

displayed on the 20- and 40-mile sweep ranges, 

and 25-mile range markers on the longer 80- 

and 160-mile sweep ranges. A soldered link 

connection may be changed to provide 10-mile 

range markers on all sweep ranges instead of 

5- and 25-mile markers. 

b. Marker gate multivibrator V614 is trig- 

gered by the indicator trigger. Its negative 

going output shock excites 16-ke gated oscil- 

lator V615. The oscillator produces a slightly 

damped continuous 16.38-kce sine wave as long 

as the output from V614 is negative (slightly 

more than 160 miles). When the output of 

V614 swings positive, the sine wave oscilla- 

tions are quickly damped out. The first nega- 

tive swing of the 16.38-kce oscillation corre- 

sponds to the time of the indicator trigger, 

which in turn corresponds to the time when 

the transmitter fires. The negative swings 

occur every 61 microseconds, which corre- 

sponds to 10,000 yards or approximately 5 

nautical miles of radar range. 

c. Limiter-peaker V616A employs grid limit- 

ing and cutoff limiting to produce sharp posi- 

tive going leading edges which correspond to 

0, 5, 10, 15, etc. miles of radar range. The 

sharp positive leading edges are applied to 

5-mile blocking oscillator keyer V616B and ap- 

pear at the grid of 5-mile blocking oscillator 

V167A to trip this biased single-swing block- 

ing oscillator every 5 miles. The output wave- 

form shown for V616B is determined princi- 

pally by reflections from the blocking oscillator 

transformer associated with V617A. 

d. Narrow (under 2 microseconds) negative 

pulses are taken from the plate circuit of 
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V617A in the 20 and 40 positions of PPI 

RANGE SELECTOR switch $606, amplified 

by ppi video-marker mixer V602, and applied 

to the cathode of ppi scope V609. On the 

screen they appear as intensified concentric 

circles every 5 miles. 

e. Narrow positive pulses are taken from the 

cathode circuit of V617A in the 20, 40, and 

EXP positions of A RANGE SELECTOR 

switch S609. They are amplified by A video- 

marker mixer V619 and A-video amplifier 

V612B and applied to the vertical upper de- 

flection plate of the A-scope to produce sharp 

positive 5-mile range markers. 

f. Narrow positive pulses are also taken from 

the cathode circuit of V617A and applied 

through 25-mile blocking oscillator keyer 

V617B to the grid of 25-mile blocking oscil- 

lator V618B so that every fifth positive pulse 

triggers V618B. The output waveform shown 

for V617B results from the action of V618B. 

Marker clamper V618A permits the applica- 

tion of bias to the grid of V618B without 

affecting the timing of the stage. When the 

range selector switches are in the 80- or 160- 

mile position, 25-mile range marks are taken 

from V618B and applied to the scopes the same 

as the 5-mile markers are applied. 

110. Range Strobe Generator 
(fig. 58) 

a. In the EXP position of A RANGE SE- 

LECTOR switch S609, the range strobe gen- 

erator circuits determine at what range the 

10-mile sweep on the A-scope starts, and also 

generate a pulse which is applied to the ppi 

scope to indicate the starting point of the ex- 

panded sweep on the A-scope. 

b. Range strobe multivibrator V621 is trig- 

gered by the indicator trigger. Its output is 

a negative going gate which starts when the 

transmitter fires and ends at a time which de- 

pends on the setting of the RANGE STROBE 

control on the front panel of the indicator unit. 

As this potentiometer is varied, the timing of 

the multivibrator is affected so that the trailing 

edge of the negative gate is varied. The out- 

put of V621 passes through differentiator 

R686 and C646 so that the trailing edge of the 

negative gate becomes a positive trigger. This 

voltage is applied to strobe blocking oscillator 

keyer V613A which in turn triggers strobe 
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blocking oscillator V613B. The output of 

V618B is a narrow negative going pulse which 

is amplified by iff video-strobe mixer V601, 

and appears as a negative pulse at the cathode 

of the ppi scope. This produces an intensified 

spot on the ppi screen, which indicates the posi- 

tion of the strobe. 

c. When A RANGE SELECTOR switch 

S609A is in the EXP position, the positive 

trigger from differentiator R686 and C646 

also triggers A-gate multivibrator V622. In 

this case, the outputs of V622 are a negative 

10-mile gate to A-sweep generator V623 and 

a positive 10-mile unblanking gate to the con- 

trol grid of the A-scope to allow beam current 

to flow during sweep time. The 10-mile sweep 

voltage produced by V623 is amplified by V624 

and applied to the deflection plates of the A- 

scope to produce an expanded time base. 

111. A-Scope Sweep Circuits 
(fig. 58) 

a. The A-scope differs from the ppi scope in 

the manner in which information is displayed. 

The A-scope uses position (or deflection) mod- 

ulation, while the ppi scope uses intensity (or 

grid) modulation. Another significant differ- 

ence is that to obtain a sweep, the A-scope uses 

electrostatic deflection, which requires saw- 

tooth voltages applied to deflection plates, and 

the ppi scope uses magnetic deflection, which 

requires a sawtooth of current through the de- 

flection coil. The beam current of the A-scope 

is held beyond cutoff until an unblanking gate 

allows beam current to flow. ( 

b. Stages V622 through V625 and V604B 

generate a horizontal sweep which appears on 

the screen of the A-scope. A-gate multivi- 

brator V622 is triggered by the indicator trig- 

ger when A RANGE SELECTOR switch 

S609A is in the 20-, 40-, 80-, or 160-mile posi- 

tion. The multivibrator produces positive and 

negative gates of corresponding time durations. 

A-gate clamper V604B clamps the grid voltage 

of V622B to the same potential for all sweep 

ranges. The A-scope sweep waveforms are 

shown for expanded sweep conditions. With 

S609 in a position other than EXP, the wave- 

forms differ only in that they start at zero 

time and vary in time duration. The positive 

output is applied to the control grid of A-scope 

V625 to unblank it, while the negative output 
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gate is applied to A-sweep generator V623 to 

hold it beyond cutoff during the time that the 

sweep is being formed. The output of V623 

is a positive sawtooth voltage which is applied 

to A paraphase amplifier V624. 

c. The paraphase amplifier (V624) is a 

cathode-coupled paraphase amplifier (one input 

produces two outputs). The two outputs are 

applied to the horizontal deflection plates of 

A-scope V625 to provide the necessary saw- 

tooth voltages to produce a horizontal time base 

by means of electrostatic deflection. 

112. Video Circuits 
(fig. 58) 

a. In either the normal or mti modes of 

operation of the equipment, radar video infor- 

mation comes from the signal comparing sys- 

tem to video amplifier V611 in the indicating 

system. Video amplifier V611 amplifies the 

radar video pulses and applies them to video 

cathode follower V612A. Two outputs are 

taken from V612A. Positive video pulses go 

to the A-video-maker mixer V619. The output 

of V619 is a composite negative signal con- 

sisting of range markers and radar video 

pulses. A-video amplifier V612B amplifies the 

composite signal before it is applied to the 

vertical upper deflection plate of the A-scope. 

b. Positive radar video pulses are also taken 

from V612A and are applied to ppi video- 

marker mixer V602. This stage also receives 

range markers so that its output is a composite 

signal. In addition to radar video information 

and range markers appearing in the output 

of V602, iff video pulses and the strobe marker 

which are mixed in iff video-strobe mixer 

V601 also appear in the composite video signal 

at the plate of V602. Amplifiers V601 and 

Section Il. 

114. General 
(fig. 224) 

a. When the transmitter fires, a large posi- 

tive pulse (indicator trigger) is taken from 

the T1-T2 winding of pulse transformer T502 

(fig. 212). It leaves the transmitting system 

from J506, is carried through the interconnec- 

tions of the power supply in a coaxial cable, 

and enters the indicating system in a coaxial 

V602 have a common plate load. In this way, 

radar video pulses, range markers, iff video 

pulses, and the range strobe marker all appear 

at the cathode of the ppi scope as negative 

pulses, which intensity modulate the beam so 

that intensified spots appear on the screen to 

display all four types of information. Ppi- 

video clamper V607B clamps the signals ap- 

plied to the cathode of the ppi scope all nega- 

tive so that weak targets following strong ones 

are not lost. 

c. With ANTI JAM switch S607 in the OFF 

position, the antijam circuit, consisting of 

C624 and L603 and video negative limiter 

CR601, has very little effect on the video sig- 

nals that are coupled from V611 to V612A. 

d. When the ANTI JAM switch is in the ON 

position, the coupling between V611 and 

V612A becomes a high pass filter. Any long 

pulses of jamming or clutter are differentiated 

so that only the leading edges of the long 

pulses are reproduced. Crystal diode CR601 

removes the negative overshoot that occurs at 

the trailing edge of the long positive pulse 

when it is differentiated. 

113. Indicator High-Voltage Power Supply 
(fig. 58) 

Indicator high-voltage rectifier V626 is a 

half-wave rectifier used to supply necessary 

high voltages to operate the ppi scope and A- 

scope. Rectifier V626 supplies +5,000 volts 

de to the aquadag and +700 volts de to the 

first anode of the ppi scope. It also supplies 

+1,500 volts de to the second anode (and aqua- 

dag) of the A-scope as well as various poten- 

tials between —1,500 volts de and ground to 

the grid, cathode, and first anode circuits of 

the A-scope. 

PP! SWEEP CIRCUITS 

cable within the cable that connects to J601. 

b. The coaxial cable which carries the indi- 

cator trigger is terminated in its characteristic 

impedance by resistors R680 (68 ohms) and 

R681 (10 ohms). Loading of the pulse trans- 

former is reduced by taking the indicator trig- 

ger from the junction of R680 and R681. A 

reduced amplitude indicator trigger is taken 

from the top of R681 to ground and coupled 

to four places by— 
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(1) C648 to range strobe multivibrator 

V614. 

(2) C627 to marker gate multivibrator 

V621. 

(8) C648 in series with C647 when S609A 

is in the 20-, 40-, 80-, or 160-mile posi- 

tion to A-gate multivibrator V622. 

(4) C609 to ppi-gate multivibrator V603. 

c. The ppi-sweep circuits produce the neces- 

sary unblanking, positioning, and deflection 

voltages to produce a time base on the screen 

of ppi scope V609. The ppi-sweep circuits con- 

sist of ppi-gate multivibrator V603, ppi-gate 

clamper V604A, ppi-sweep generator V605, 

ppi-sweep amplifier V606, ppi-sweep clamper 

V607A, ppi-sweep power amplifier V608, and 

deflection coil L601. 

115. Ppi-Gate Multivibrator 
(fig. 59) 

Ppi-gate multivibrator V603 is t cathode- 

coupled, one-shot multivibrator circuit which is 

triggered by the indicator trigger when the 

transmitter fires. It produces a positive un- 

blanking gate for the ppi scope and a negative 

gate for ppi-sweep generator V605. Ppi-gate 

clamper V604A is a negative clamper (or dis- 

connect diode) which permits the application 

of reference bias to the B section of V603 dur- 

ing its conduction period. It disconnects the 

bias network during the cutoff period so the 

bias network does not affect the timing of the 

multivibrator. 

a. Both grids of V603 are returned to +300 

volts. The grid of the B section returns to 

+300 volts through its grid resistors R627 and 

R626 so that grid current and plate current 

normally flow through the B section. The grid 

resistors are very large with respect to the dc 

resistance from cathode to grid so that the grid 

is normally slightly positive with respect to 

the cathode. The flow of plate current through 

the B section makes the common cathode of 

the multivibrator 80 volts positive with respect 

to ground. The voltage divider consisting of 

R623 and R619 places the grid of the A section 

a +51 volts with respect to ground. With the 

grid of the A section 29 volts negative with 

respect to its cathode, the A section is normally 

cut off and the plate potential is +300 volts. 

Thus, the pretrigger conditions are such that 

the B section conducts heavily and the A sec- 
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tion is beyond cutoff until the indicator trigger 

trips the multivibrator. 

b. The indicator trigger is coupled from the 

junction of R680 and R681 by C609 and is de- 

veloped across grid resistor R623 to bring the 

A section of V603 out of cutoff. When plate 

current starts to flow through the A section, a 

rapid regenerative action characteristics of a 

multivibrator, and independent of the input 

trigger, begins. Current flow through plate 

load resistor R620 causes the plate voltage to 

decrease. This decrease causes C610 (in the 

20 position of S606A) to begin to discharge 

through R627 and R622. This discharge cur- 

rent, in addition to the grid current already 

flowing, causes the grid of the B section to 

become less positive with respect to its cathode 

so that the plate current flow through the B 

section decreases. The decrease in plate cur- 

rent causes the common cathode to become less 

positive with respect to the grid of the A sec- 

tion and results in a further increase in plate 

current through the A section. As the plate 

potential decreases, C610 must adjust to a 

greater change and its increased discharge cur- 

rent causes a further decrease in the plate 
current flow through the B section. This rapid 

regenerative action continues until the A sec- 

tion conducts heavily and the B section cuts 

off. This action occurs so rapidly that when 

the indicator trigger appears at the grid of 

the A section, the A section fires (or its plate 

current increases rapidly) and the B section 

cuts off (or its plate current rapidly decreases 

to zero). 

c. When the A section of V603 fires, the 

plate potential decreases 110 volts so that the 

capacitor C610 must discharge exponentially. 

Its discharge path is through S606A, R627, 

R626, the +300-volt power supply to ground, 

R624 and R625 in parallel, and the cathode-to- 

plate de resistance of the A section. While 

C610 discharges, it holds the B section beyond 
cutoff. The length of time that the B section 

remains cut off depends on the setting of PPI 

GATE potentiometer R626, which controls the 

discharge time constant of C610. In the 20 

position of S606A and with proper adjustment 

of R626, the B section is held cut off for a time 

equivalent to 20 miles of radar range and the 

output gates of V603 are both equal to 20 miles. 

If PPI RANGE SELECTOR switch S606A is 



changed to the 40 position, capacitor C611 is 
added in parallel with C610 to increase the 
time constant of the coupling between the A 
and B sections of the tube and thus increase 
the time duration of the output gates. In the 
same manner as S606A is switched to the 80 
and 160 positions, the additional capacitance 
added to the coupling circuit increases the 
length of the output gates to 80 miles and 160 
miles. 

d. When the discharge current of the selected 

capacitors in the coupling circuit between the 

A and B sections of V603 decreases to the 

point that it can no longer develop enough volt- 

age to hold the B section cut off (time T,, in 

the output waveform), ‘a second rapid regen- 

erative action restores the circuit to the pre- 

trigger conditions. Flow of current through 

the B section causes the cathode potential to 

rise, which in turn causes the common cathode 

to go more positive with respect to the grid of 

the A section (the grid of the A section hav- 

ing returned to a fixed 51 volts after the nar- 

row indicator trigger ended). As the common 

cathode rises in potential, plate current 

through the A section decreases and its plate 

potential rises. The rapid switch over to pre- 

trigger conditions is aided because as the plate 

of the A section rises in potential, whatever 

capacitors are in the coupling circuit between 

the tube sections must recharge to the pre- 

trigger condition. This charge current causes 

the grid of the B section to go more positive, 

which further increases the plate current 

through the B section. This regenerative ac- 

tion rapidly returns the circuit to its pretrigger 

conditions. The charge path of the capacitors 

in the coupling circuit is through R620, 

through the +300-volt power supply to ground, 

and to the grid of the B section in two parallel 

paths. One path is through R624 and R625 
in parallel and both in series with the dc re- 

sistance from cathode to grid of the B section. 

The other path from ground to the grid of the 

B section is through R632 and the dc resistance 
of V604A. In all switch positions of S606A, 

ppi-gate clamper V604A insures rapid circuit 
recovery to the pretrigger conditions by clamp- 

ing the potential at grid 7 of V603 negative 

with respect to the cathode potential of V604A 

(+73 volts). 

e. When the A section cuts off (time T,,), 

the coupling capacitors recharge and remain 

so until the next indicator trigger. In the 160 

position of S606A, ppi-gate clamper V604A in- 

sures that the circuit recovery (recharge of 

the coupling capacitors) is complete before the 

next indicator trigger. Without the V604A 

charge current for the coupling capacitors, 

there would be just enough time for the capac- 

itors to charge when the prf of the system is 

400 pps. 

f. Ppi-gate clamper V604A affects the opera- 

tion of V603 in several ways. During pre- 

trigger conditions, current through V604A 

flows through resistors R627 and R626 and the 

grid current of the B section of the multivi- 

brator. This diode current is an important 

factor in determining the pretrigger (static) 

conditions as well as the operating (dynamic) 

conditions. The bias network consisting of 

R628 through R632 places the cathode of 

V604A at +73 volts with respect to ground. 

Since the voltage across the conducting diode 

cannot be very great, the plate of the diode 

and grid of the B section are normally slightly 

positive with respect to +73 volts. 

g. When the A section of V603 fires (time 

T,), V604A cuts off and disconnects the R628 

through R632 bias network from the B section 

grid circuit so that the bias network will not be 

a low resistance path for the discharge of the 

coupling capacitors. If this disconnecting 

diode were not between the bias network and 

the grid, the coupling capacitors would dis- 

charge much faster (with R628 through R631 

in parallel with R627 and R626) and make the 

output gates considerably narrower. Ppi-gate 

clamper V604A effectively clamps the B sec- 

tion grid voltage all negative with respect to 

the +73 volts at the cathode of V604A regard- 

less of the size coupling capacitor used between 

the sections of V603. 

h. Two outputs are taken from V603. A 

positive gate unblanks the ppi scope while the 

negative gate is applied to ppi-sweep generator 

V605. 
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Figure 59. Ppi-gate multivibrator, simplified schematic diagram. 

116. Ppi-Sweep Generator V605 
(fig. 60) 

Ppi-sweep generator V605 receives a nega- 

tive gate from the ppi-gate multivibrator and 

produces a sawtooth voltage which is applied 

to the ppi-sweep amplifiers. 

a. The static (no indicator trigger) condi- 

tions are such that the grid and cathode are 

at ground potential and the screen is held at 

+85 volts by current through screen dropping 

resistors R635, R636, and R637. The tube con- 

ducts lightly because plate load resistor R634 

is large (2.2 megohms). Because the zero bias 

de plate resistance of the tube is very small 

compared to the plate load resistor, the plate 

voltage is normally close to 1 volt and C618 

is charged to this potential. 
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b. When the negative gate is coupled from 
V603 by C614, it is developed across grid re- 

sistor R633 and the tube cuts off. As soon as 

plate current ends, the plate potential would 

normally rise to +3800 volts except that the 

voltage at the plate can only rise as fast as 

C618 will charge through R634. The only 

immediate effect caused by the start of the 

negative gate is that the charge current of 

C618 replaces the tube current that was previ- 

ously flowing and holding the plate voltage 

down. As long as the negative gate holds the 

tube cut off (approximately 247 microseconds 

in the 20 position of S606B), C618 charges 

exponentially toward +300 volts. Since the 

time constant of C618 and R634 is very long 

compared with the duration of the negative 



gate, C618 charges for only .11 time constant 

so that for all practical purposes, the rise in 

voltage is linear during the gate. The rise is 

to 34 volts if the negative gate is exactly 20 

miles. The actual amplitude of the sawtooth 

developed in the plate circuit is affected by the 

setting of PPI GATE potentiometer R626 (fig. 
59), which determines the electrical length of 

the sweeps appearing on the ppi scope. When 

the negative gate ends, C618 quickly discharges 

through the low resistance of the tube and the 

voltage at the plate remains at +1 volt until 

the next negative gate begins. 

ce. When S606B is switched to the 40 position, 

C617 is added in parallel with C618. This 

doubles the charge time constant of the com- 

bined capacitance so that it will charge to the 

same potential during the gate which is twice 

as long. This makes the physical length of 

the 40-mile sweep the same as the 20-mile 

Sweep on the ppi scope. Similarly, in the 80 

position of S606B, C616 is added in parallel 

with C617 and C618 to maintain the physical 

length the same when the electrical length of 

the sweep is changed to 80 miles. In the 160 

position of S606B, parallel capacitors C615, 

C616, and C618 make up the sweep capac- 

itance. 

d. In all four switch positions, the output of 

V605 is a sawtooth voltage of almost the same 

amplitude but the slope of the rise changes so 

that it takes more time for the sawtooth volt- 

age to rise to the required amplitude. The 

output of V605 is coupled to ppi-sweep voltage 

amplifier V606. 
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Ppi-sweep generator, simplified schematic 

diagram. 
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Figure 60. 

117. Ppi-Sweep Amplifiers 
(fig. 61) 

Ppi-sweep amplifier V606 and ppi-sweep 

power amplifier V608 produce a linear change 

in current through deflection coil L601 so that 

the beam of the ppi scope moves linearly from 

the center of the screen to the outer edge of 

the screen. A sawtooth voltage is applied from 

the ppi-sweep generator through both sections 

of V606, which act as voltage amplifiers, to 

ppi-power amplifier V608 which controls the 

current through deflection coil L601. There is 

a feedback from V608 back to V606A which 

makes it possible for the sawtooth voltage ap- 

plied to the grid of V606A to cause a linear 

change in current through the deflection coil. 

Positive ppi-sweep clamper V607A makes the 

sweep start at the same point and extend for 

the same physical length as the sweep range 

is changed. 

a. Both V606A and V606B normally conduct. 

The flow of V606A plate current through the 

cathode resistors of V608 (R651 and R648, 

R649, and R650) and the cathode resistor of 

V606A (R641) develops sufficient bias (ap- 

proximately 2 volts) to operate the tube in its 

linear region. In a similar manner, cathode 

bias is developed across cathode resistor R642 

to operate V606B in its linear region. Voltage 
dividers R644, R645, and R646, between —150 

volts and ground, establishes the plate of 

V607A and therefore the grid of V608 at —63 

volts. With the cathode of V608 close to 

ground potential and the grid at —63 volts, 

V608 is normally cut off and no current flows 

through defiection coil L601. 

b. To have the ppi-scope beam move out- 

ward linearly, the ppi-sweep amplifiers must 

cause the current through deflection coil L601 

to increase linearly (as a sawtooth). Nor- 

mally, a trapezoidal voltage must be applied 

to a deflection coil to cause a sawtooth current 

to flow through both the inductance and the 

resistance of the coil. A trapezoidal voltage 

consists of a vertical jump in voltage followed 

by a sloping rise in voltage. The peak-to-peak 

amplitudes of all four ppi-sweep voltages are 

kept the same to keep the physical length the 

same for all four electrical sweep lengths. For 

the slow 160-mile sweep, the amplitude of the 

jump voltage amplitude needs to be small as 

compared to the amplitude of the sloping rise. 
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For the faster 20-mile sweep, the amplitude of 

the jump voltage needs to be larger as com- 

pared to the amplitude of the sloping rise. The 

use of a feedback amplifier compensates for 

the nonlinear characteristics of the tube that 

drives the deflection coil. 

c. When the positive going input sawtooth 

is applied to V606A, plate current through 

V606A increases, plate current through V606B 

decreases, and the voltage at the plate of 

V606B rises. The rise in V606B plate voltage 

is coupled to the grid of V608 and this positive 

going voltage raises the grid of V608 above 

cutoff and plate current starts to flow to V608 

and the deflection coil. As current through 

V608 increases, a voltage proportional to its 

plate current (current feedback) is applied 

to the cathode circuit of V606A. The sawtooth 

voltage developed at the cathode of V608 causes 

the cathode of V606A to go positive with re- 

spect to its grid. This feedback is highly de- 

generative to the sawtooth applied to the grid 

of V606A. The result is that the gain of 

V606A is considerably less than one (approxi- 

mately .1) because of the feedback. When the 

circuit first goes into operation at time T), the 

feedback is not immediately effective because 

of the inherent time delays in the loop from the 

grid of V606A through V606A, V606B, V608, 

and back to the cathode of V606A. Before 

the negative feedback is fully effective, the 

higher gain characteristics of V606A result 

in a slight, but rapid, decrease in voltage at 

the plate of V606A. Without feedback, the 

gain of V606A would be so great that plate 

voltage would rapidly decrease and the stage 

would quickly saturate because of the large 

input waveform. The rapid decrease in the 

voltage at the plate of V606A is amplified by 

V606B and is important for proper circuit 

operation. Since V608 is normally operated 

beyond cutoff, the rapid change in voltage 

raises the grid of V608 above cutoff very close 

to time T, and into the more linear operating 

region of the tube. 

d. The feedback to V606A and the resulting 

gain characteristics of the stage produce a dis- 

torted small negative-going sawtooth voltage 

at the plate of V606A. This voltage is ampli- 

fied by V606B, which has a gain of approxi- 

mately 20. The resulting amplified positive 
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going distorted sawtooth voltage is coupled to 

the grid of ppi-power amplifier V608. This 

driving voltage resembles a trapezoidal voltage 

except that there is no clear-cut jump voltage 

and no clear-cut beginning to the sloping rise. 

The driving voltage causes the plate current of 

V608, which is the current through the deflec- 
tion coil, to be uniformly proportional to the 

sawtooth input to V606A. 

e. Damping resistor R657 (10K) decreases 

the amplitude of the positive spike in voltage 

that takes place at the end of sweep time when 

the input to V608 suddenly swings negative. 

When current through the tube is interrupted, 

the field about the deflection coil collapses to 

keep current flowing in the same direction. 

By furnishing a path for the continuing cur- 

rent, R657 limits the positive spike to approxi- 

mately 340 volts. Resistor R640 is the plate 

load of V606B. Resistor R639 and capacitor 

C619A decouple the sweep amplifiers from 

other circuits supplied by +450 volts. The 

physical length of the sweep on the ppi scope 

is adjusted by varying PPI SWEEP LENGTH 

potentiometer R651. By affecting the gain of 

V608 and the amplitude of the feedback to 

V606A, the setting of R651 establishes the 

maximum current that flows through the de- 

flection coil. 

f. Ppi-gate clamper V607A is necessary be- 

cause four different electrical sweep lengths 

are displayed on the ppi scope. The sharp rise 

of the driving voltage applied to V608 is the 

highest in amplitude for the fastest sweep 

(20-mile) because the slope of the rise of the 

input to V606A is the greatest and more am- 
plification by V606A takes place before the 

current feedback becomes effective. By clamp- 

ing the sweep voltage for the four sweep 

ranges all positive with respect to —63 volts, 

the amount of the rapid rise in voltage at the 

grid of V608 that appears above cutoff is auto- 

matically adjusted by the ppi-sweep amplifiers 

so that the required smaller sharp rise in volt- 

age appears above cutoff as the sweep range is 

increased. The charge time constant of C620 

is long during sweep time when the V608 driv- 

ing voltage is coupled from the plate of V606B 

to the grid of V608. At the end of sweep time, 

V607A conducts so that C620 does not have to 

discharge through the high resistance of R647 

(830K). In this way, C620 discharges quickly 



to the same level regardless of the sweep range 

used. In all sweep ranges, the grid of V608 

starts to go positive from the potential estab- 

lished by the voltage divider in the plate cir- 

cuit of V607A. 

g. The ppi-sweep circuits produce magnetic 

fields around the windings of deflection coil 

L601 which are proportional to current through 

the sweep-power amplifier. A magnetic field 

also exists around the electron stream itself 

(electrons in motion create this field). Inter- 

action between the magnetic field around the 

electron stream and the magnetic fields around 

the deflection coil deflects the electron stream 

away from the area where the two fields aid 

and toward the area where the magnetic fields 

oppose one another (fig. 61). As the current 

through the deflection coil increases, the 

strength of the magnetic fields around the de- 
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flection coil increases and causes the electron 

stream to be deflected farther from the center 

of the cathode ray tube. Thus, the interaction 
between the fields produces a sweep which is 

always perpendicular to the magnetic fields 

around the deflection coil. Electrical contact 

from the plate of V608 through the deflection 
coil to +450 volts is maintained by slip rings 

so that the deflection coil yoke assembly may 

be rotated. The entire yoke assembly is rotated 

by a synchro receiver so that the sweep follows 

antenna rotation. Rotation of the yoke causes 

the magnetic fields around the deflection coil 

to rotate and because the sweep must always 

be perpendicular to these fields, the sweep 

rotates as the yoke rotates. The result is that 

a radial sweep (or time base), which always 

points to the same azimuth as the antenna, is 

produced on the screen of the ppi scope. 
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Ppi-sweep amplifiers, simplified schematic diagram. 
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Section Ill. 

118. General 
(fig. 224) 

The ppi-display circuits intensify fixed range 

markers, the variable range strobe, radar 

video, and iff video information on the screen 

of ppi scope V609. The ppi-display circuits 

also include ppi-focus current regulator V610, 

ppi video V607B, and associated voltage di- 

viders which establish necessary de operating 

potentials. 

a. Fixed range markers, the variable range 

strobe, and both radar and iff video are applied 

from the common plate load of iff video-strobe 

mixer V601 and ppi video-marker mixer V602. 

All four types of information appear as nega- 

tive pulses at the common plates of V601 and 

V602 and are coupled across R658 by C606. 

The negative pulses intensity modulate the 

cathode ray tube beam and cause intensified 

spots to appear on the screen. The ppi un- 

blanking gate is applied from plate 6 of ppi- 

gate multivibrator V603 through parallel RC 

networks R656 and C622 to the control grid of 

V609. 

b. Synchro stator information is applied 

from the antenna positioning system. The 

drive motor, which causes the antenna to ro- 

tate, is also geared to the rotor of a synchro 

transmitter which is excited by 115 volts, 400 

cycles. As the synchro transmitter rotor is 

turned, the currents induced in the stator wind- 

ings of the synchro transmitter flow through 

the stator windings of synchro receiver B602 

through terminals 37, 38, and 41 of J601. The 
resulting fields induced about the stator wind- 

ings cause the rotor of B602 toturn. The rotor 

of B602 is geared to the ppi deflection coil so 

that the ppi sweep rotates as the antenna ro- 

tates. A mechanical adjustment (AZIMUTH) 

is used to orient the ppi sweep to the antenna 

position. Microswitch S612 is part of an auto- 
matic synchronizing device (located in the 

antenna positioning system) which prevents 

the synchro receiver rotor from taking an in- 

correct position because a 24-speed synchro 

system is used to make the ppi sweep follow 
the position of the antenna (par. 154). 

c. Plus 5,000 volts de is applied from the in- 

dicator high-voltage power supply to the aqua- 

dag of V609 and +700 volts de is applied from 
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PP! DISPLAY CIRCUITS 

the same source to the first anode. Unregu- 

lated +450 volts de and regulated +300 volts 

de are applied to the circuit from the de power 

supply system. 

119. Ppi-Display Circuit Functioning 
(fig. 62) 

Ppi scope V609 is a TBP7A type cathode ray 

tube that uses magnetic deflection to create a 

time base, intensity (grid) modulation to dis- 
play information, and magnetic focusing to 

make the presentation sharp. 

a. The cathode ray tube electron beam is 

controlled by the difference in potential between 

the control grid and the emitting cathode. 

Normally, the grid is held at +133 volts by 

voltage dividers R653 (in the 20 position of 
S606C), R655, and R656 between ground and 

the +225 volts normally present at plate 6 of 

ppi-gate multivibrator V603 before the un- 

blanking gate is developed. The cathode is 

normally held at approximately +230 volts by 
voltage divider R661, R660B, R659, and R660A 
between ground and +300 volts. Maintenance 
adjustment COARSE INTENSITY potentiom- 
eter R660 establishes the range over which 

front panel INTENSITY control R659 can vary 
the normal cathode potential. With the first 
anode operated at +700 volts and the aquadag 

at +5,000 volts, the grid is normally operated 

sufficiently negative with respect to the cathode 
(approximately 100 volts) so that no beam 

current flows until the positive going unblank- 

ing gate is applied to the control grid. 
b. When the positive unblanking gate is ap- 

plied (at time T,), the control grid of V609 

rises above cutoff and beam current flows 

through the cathode ray tube during sweep 

time. The intensity potentiometers are nor- 

mally adjusted so that the unblanking gate just 

brings the tube out of cutoff so that the nega- 

tive pulses applied to the cathode cause notice- 

able increases in intensity. Capacitor C622 

(62 uf) is placed across R656 for high-fre- 
quency compensation so that the leading edge 
of the fast positive rise in the unblanking 

voltage is reproduced at the control grid of 

V609. 
c. Four different electrical sweep lengths are 

displayed on the ppi scope. As the beam of a 
cathode ray tube moves across the screen 
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slower, the intensity of the trace increases be- 

cause more electrons strike the screen per unit 

of time. Wafer switch sections S606C, R654, 
R653, R652, and the short from the 160 posi- 

tion of the switch to ground are used to com- 

pensate for this. When the sweep range is 

changed from the 20 position to the 40 position, 

R653 (10K) replaces R654 (15K) in the grid 

circuit so that the unblanking gate does not 

cause the control grid to rise as much above 

cutoff. The same type of compensation takes 

place as the sweep range is changed to 80 and 

160 miles because less beam current is neces- 

sary to obtain the same screen intensity as the 

sweep is made slower. 

d. The aquadag, which acts as the second 

anode of the tube, is operated approximately 
5,000 volts positive with respect to the cathode. 

This difference in potential establishes an elec- 

tric field which accelerates the electron stream 

toward the phosphorescent screen. If this were 

the only force acting upon the beam, the elec- 

trons would travel down the axis of the cathode 

ray tube and strike the center of the screen. 

The ppi-sweep circuits generate a sweep volt- 

age which results in a second force that deflects 

the electron stream away from the axis of the 

tube during sweep time. The resultant of 
these two forces determines where the beam 

strikes the screen. Electrons emitted from the 

phosphorescent screen due to secondary emis- 

sion are attracted to the positive aquadag and 
returned to the electron stream through the 

power supply. 

e. The electrons emitted by the relatively 

large cathode surface are accelerated toward 

the center of the screen. However, they tend 

to diverge and strike the screen over a wider 

area than desired. Focusing the beam on the 

screen is accomplished by creating a magnetic 

field of sufficient strength to cause the electrons 

to converge at a focal point on the screen. The 

strength of the magnetic field about focus coil 

L602 determines where the various electrons 

making up the beam strike the screen. The 
strength of the field in turn depends on the 

amount of current flowing through the focus 

coil. The path of current is from ground 

through R671, R670, V610, R664, R663, and 

the focus coil to +450 volts. While most 

of the current is through smaller resistors 

R663 (3,100 ohms) and R664 (3,100 ohms), 

some of the focus current flows through the 

larger positioning potentiometers R662 (25K) 

and R665 (25K), which are in parallel with 

R663 and R664. Ppi-focus current regulator 

V610 controls the amount of current that flows 

through the focus coil. The control grid is 

grounded and the screen grid returns to regu- 

lated +300 volts through screen dropping re- 

sistors R666 through R669 (15K total). The 

flow of screen current through the screen 

dropping resistors holds the screen at approxi- 

mately +205 volts. Since the control grid is 

grounded, the amount of plate current that 

flows through V610 (and therefore the focus 

coil) is controlled by the setting of FOCUS 

potentiometer R671 which controls the amount 

of cathode bias. Once R671 is adjusted to give 

proper focus current, this value is maintained 

even though the focus coil is returned to an 

unregulated +450 volts. This is due to the 

constant current characteristics of a pentode 

and the degenerative cathode circuit of V610. 

In the region in which the tube is operated the 

screen and cathode potentials control plate cur- 

rent which is almost independent of plate volt- 

age. Any tendency for plate current to change 

is reduced by a change in the potential across 

the unbypassed cathode resistance. Resistor 

R670 protects the circuit from excessive current 

if the resistance of R671 is adjusted to zero. 

f. Positioning of the ppi presentation is fa- 
cilitated by the fact that the ppi-sweep driver 

is operated beyond cutoff. Before sweep time, 

there are no fields about the deflection coil so 

that if the gun structure of the tube and the 

yoke assembly are perfectly centered, the beam 

would normally strike the center of the screen 

when current starts to flow through the deflec- 

tion coil. However, mechanical imperfections 

make a positioning system necessary. Posi- 

tioning is accomplished magnetically by two 

coils which are a part of focus coil assembly 

L602. The electromagnetic fields of these coils 

influence the path of the cathode ray tube 

beam at right angles to each other. Part of 

the focus coil current flows through PPI CEN- 

TERING potentiometers R662 and R665. If 

all factors affecting the positioning of the beam 

are balanced so that the beam is centered, the 

potentials at the wiper arms of R662 and 

R665 are equal to the potential at the junction 

of R663 and R664 and no current flows through 
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the positioning coils. In this ideal case no po- 

sitioning force is necessary. When necessary, 

ppi centering is accomplished by changing the 

magnitude and direction of current through 

R662, which positions the beam vertically or 

R665 which positions the beam horizontally. 

This is done by changing the potential of the 

wiper arm of the applicable positioning po- 

tentiometer with respect to the potential at the 

junction of R663 and R664. 

g. As the ppi sweep is rotated, a circular in- 

tensified area is created upon which polar co- 
ordinate (slant range and azimuth) informa- 

tion is displayed. The information is coupled 

by C606 from the common plate load of iff 

video-strobe mixer V601 and ppi video-marker 

mixer V602 across R658 so that all four types 

of information appear as negative pulses at the 

cathode of V609. Capacitor C619B prevents 

the video pulses from appearing across the 

average intensity controlling voltage divider 

from the bottom of R658 to ground. Capacitor 

C619B is large enough (.1 yf) so that the 

voltage across it does not change appreciably 
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the potential at the wiper arm of R659. The 

video pattern changes as the antenna rotates 

because there are different returns from dif- 

ferent azimuths. This is especially true in the 

normal mode of operation because ground clut- 

ter is also displayed. If the video were not 

clamped, a weak target following strong ground 

clutter may remain unobserved. When a strong 

target is displayed, coupling capacitor C606 

discharges through R658. Since the average 
current through a coupling capacitor is zero, at 

the end of the relatively long negative pulse, 

C606 regains whatever charge it loses. If 

V607B were not used or if it were to become 

defective, the recharge current of C606 up 

through R658 would cause the cathode of V609 

to go positive with respect to the normal operat- 

ing potential at the wiper arm of R659. In the 

case of a long negative pulse, this would cause 

the cathode potential of V609 to rise above the 

point where V609 cuts off and cause V609 to 

remain cutoff long enough to cause the loss of 

weak targets which follow. The clamper pre- 

vents this by conducting when C606 recharges. 

Since the resistance of the conducting diode is 

very low compared with the resistance of R658, 

C606 recharges quickly at the end of all nega- 

tive pulses and the next negative pulse is de- 

veloped from the level at which clamping takes 

place (the potential at the wiper arm of R659). 

Section IV. FIXED RANGE MARKER CIRCUITS 

120. General 
(fig. 224) 

Marker gate multivibrator V614, 16-ke gated 

oscillator V615, limiter-peaker V616A, 5-mile 
blocking oscillator keyer V616B, 5-mile block- 

ing oscillator V617A, 25-mile blocking oscillator 

keyer V617B, 25-mile blocking oscillator 

V618B, and marker clamper V618A make up 

the fixed range marker circuitry. 

a. The fixed range markers are triggered by 

the indicator trigger when the transmitter fires 

and normally produce 5- and 25-mile range 

markers for the ppi scope and A-scope. Four 

outputs are taken from the fixed range marker 

channel: negative 5-mile markers, positive 5- 

mile markers, negative 25-mile markers, and 

positive 25-mile markers. 

b. The type of range marker that will appear 

on the ppi scope and A-scope depends on the 

position of, PPI RANGE SELECTOR switch 

S606, RANGE MARKS MILES switch S608, 

and A RANGE SELECTOR S609, and three 

soldered link connections. Normally, the links 

are connected as shown in figure 224 so that 

5- and 25-mile range markers are produced. 

All discussions on the range marker circuitry 

assume that the links are in this position. The 

links (which actually consist of three hookup 

wire soldered leads) can also be placed in the 

dotted line positions shown in figure 224. In 

this case, only 10-mile range markers are pro- 

duced and they are displayed on all sweep 

ranges. 

c. When RANGE MARKS MILES switch 

S608 is in the OFF position, no fixed range 

markers are displayed on the scopes. When it 

is in the TEST position, both 5- and 25-mile 

range markers are displayed on both scopes, 

in the 80- and 160-sweep range positions. 

d. When S608 is in the ON position, whether 

5- or 25-mile range markers are displayed on 

the scopes depends on the positions of the re- 

spective range selector switches. When S606 

is in the 20 or 40 positions, 5-mile markers are 
displayed on the ppi scope. When S606 is in 

the 80 or 160 position, 25-mile markers are 

displayed on the ppi scope. When S609 is in 

the 20, 40, or EXP position, 5-mile markers 

are displayed on the A-scope. When S609 is 

in the 80 or 160 mile position, 25-mile markers 

are displayed on the A-scope. 

121. Marker Gate Multivibrator 
(fig. 63) 

Marker gate multivibrator V614 is a cathode- 

coupled, one-shot multivibrator which is trig- 
gered by the indicator trigger so that the range 

markers are synchronized with each sweep. 

It produces a negative gate which actuates the 

fixed range marker circuits and determines how 

many range markers are produced. 

a. The grid of the B section of V614 returns 

to +300 volts through grid resistor R697 so 
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that slightly more than zero bias grid current 

and plate current normally flow through the B 

section. The flow of B section current through 

R698 and R699 makes the common cathode 

75 volts positive with respect to ground. Volt- 

age divider R690 and R689 between ground and 

+300 volts holds the grid of the A section at 

+51 volts with respect to ground. With the 

grid of the A section 24 volts negative with 

respect to its cathode, the A section is normally 

beyond cutoff and its plate at +270 volts. 

b. Currents through most of the stages in the 

fixed range marker channel cause an average 

voltage drop of 30 volts across decoupling re- 

sistors R1601, R1602, R16038, and R1604. De- 

coupling capacitor C630B takes on an average 

charge of 270 volts. Since C630B is large 

(1 pf), it can supply pulses of current through 

the marker circuits and then recharge slowly. 

The voltage across C630B never changes more 

than a few volts during circuit operation, so 

that for all practical purposes C630B acts as 

a 270-volt battery and is B+ for the stages it 

decouples. In this way, the decoupling network 

reduces interaction with other circuits of the 

system which are operated from the +300-volt 

supply. 

c. When the indicator trigger is coupled into 

the marker circuit by coupling capacitor C627, 

the flow of additional current up through R690 

raises the grid of the A section above cutoff, 

and the A section fires. The flow of plate 

current through plate load resistors R692 and 
R691 causes the potential at the plate of the 

A section to drop and C628 to begin to dis- 
charge. The discharge of C628 cuts off the B 

section, allowing the A section to continue to 

conduct after the indicator trigger ends. The 

length of time that the B section remains be- 

yond cutoff is determined by the time constant 

of the discharge of C628 (which is fixed), and 

the amount of the change in voltage at the 

plate of the A section when the A section fires 

(which is controlled by the setting of 

MARKER GATE potentiometer R691). 

d. When the A section fires, R698 and R699, 

the de plate resistance of the A section, R692, 

and R691 make up a voltage divider between 

ground and +270 volts. The setting of 

MARKER GATE potentiometer R691 deter- 

mines how far below +270 volts the plate volt- 
age of the A section drops at time T,. For 
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example, if the wiper arm of R691 is moved 
counterclockwise so that more of the resistance 

of the potentiometer is shorted out, when the 

A section fires, the plate current flow through 
the smaller plate load resistance causes less 

voltage drop at the plate. In this case, it will 

take less time for the discharge current of 

C628 to diminish to the point where it can no 
longer hold the B section beyond cutoff. It 

takes a capacitor the same length of time to 

completely adjust to any value of voltage 

change but in this case, the B section goes back 
into conduction and C628 must then recharge 

to the pretrigger voltage across it before C628 

completely adjusts to the change in potential 

at the plate of the A section. MARKER 
GATE potentiometer R691 is adjusted so that 
the discharge current of C628 holds the B sec- 

tion beyond cutoff for a time equivalent to 

slightly more than 160 miles, so that the out- 
put gate width is just enough to include the 

160-mile range marker. 

e. When the discharge current of C628 di- 

minishes to the point (Tis) where it can no 
longer hold the B section beyond cutoff, the 

circuit rapidly returns to the pretrigger con- 

ditions. The B section fires and the resulting 

voltage drop across the common cathode re- 

sistors causes the A section to cutoff and re- 

main beyond cutoff until the next indicator 

trigger. 

f. The circuit operation of V614 is the same 
if RANGE MARKS MILES switch S608 is 

switched from the ON to the TEST position. 

In the OFF position, the +300 volts is removed 

from the voltage divider in the grid circuit of 

the A section. The grid is then at ground po- 

tential during the pretrigger time. With the 

grid 75 volts negative with respect to the — 

cathode, which is held at +75 volts by current 

through the B section, the 28-volt positive in- 

dicator trigger is insufficient in amplitude to 

bring the A section into conduction. The re- 
sult is that the potential at the plate of the A 

section remains at +270 volts and there is no 
output gate from V614. Without this output 

gate, the succeeding stages remain inoperative 

and no fixed range markers are displayed on 

the indicators. 

g. The output of marker gate multivibrator 

V614 controls the conduction of the following 

stage, 16-kc gated oscillator V615. 
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Figure 63. Marker gate multivibrator, simplified schematic diagram. 

122. Gated Oscillator, 16-Ke 
(fig. 64) 

The 16-ke gated oscillator is made up of the 

two 12AU7 triode sections of V615. The A 

section is a shock-excited oscillator and the B 

section is a cathode follower which provides 

feedback into the tank circuit to produce a 

continuous 16.38-kce sine wave during the nega- 

tive 160-mile gate from the marker gate multi- 

vibrator. The period of one sine wave of the 
output voltage is 61 microseconds which cor- 

responds to 10,000 yards (approximately 5 

miles) of radar range. The sine waves pro- 

duced by V614 are converted into range mark- 

ers by the succeeding stages. 

a. The pregate conditions of the circuit are 

such that the A section conducts heavily (9.1 

ma) and the B section conducts lightly (.9 ma). 

These two currents flowing through R1610 

make the top of R1610 and therefore the grid 
of the A section +10 volts with respect to 

ground. The flow of both plate currents 

through the coil in tank circuit Z601 makes 

the cathode of the A section and the grid of 
the B section +12 volts. The flow of B section 

plate current through cathode resistor R1611 

establishes the cathode of the B section at +29 

volts. With this arrangement, the A section 

conducts heavily with 2 volts bias, and the B 

section conducts lightly with 17 volts bias. 

Flow of plate current through the A section 
plate load resistors R1606, R1607, R1608, and 
R1609 leaves the plate of the A section nor- 

mally at +133 volts. The load of the cathode 

follower B section is in the cathode circuit 

(the S to T section of the tank coil and R1611) ; 

therefore, the plate of the B section remains 

constant at +270 volts. 

b. Considering the operation of the A section 

and ignoring the B section temporarily, the A 

section operates as a shock-excited oscillator. 

Before the negative portion of the input gate 
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is applied, the normal flow of A section plate 

current through the tank inductor creates a 

strong, but stationary, magnetic field about 

the inductor. The only voltage across the tank 

circuit is the 2-volt drop across the dc resist- 

ance of the inductor (210 ohms). 

c. When the negative gate is coupled in by 

C629 and developed across grid resistor R1605, 

the grid of V615A is suddenly driven beyond 

cutoff and plate current stops abruptly. An 

inductor opposes any change in current; there- 

fore, the field about the inductor collapses. 

The collapsing field induces a voltage which 

is + at the S end and — at the F end of the 

inductor. This induced counter electromotive 

force causes current to continue to flow through 

the inductor in the same direction as it was 

previously flowing. Since the grid of the tube 

is driven well beyond cutoff and the current 

cannot flow through the tube, current flows 

from the lower plate of the tank capacitor into 
the upper plate, charging the capacitor. Once 

shocked by the sudden interruption of plate 

current, the energy originally stored in the 

magnetic field about the inductor is transferred 

to an electrostatic field across the capacitor. 

When the field has completely collapsed, the 

capacitor starts to discharge (from F to S 

through the inductor) and builds up an oppos- 

ing field about the inductor, which tends to 

hold back the discharge of the capacitor. This 

oscillation continues sinusoidally but the losses 

in the circuit, due principally to the dc resist- 

ance of the inductor, cause the sine wave that 

is developed to gradually damp out. The fre- 

quency of oscillation depends on the size of the 

capacitor and inductor and is independent of 

the frequency of the input gate. The value of 

the inductance and therefore the frequency of 

oscillation is screwdriver adjusted to 16.4 kc 

by changing the depth of the core in the in- 

ductor. The amplitude of the initial oscilla- 

tions and the degree of damping of the sine 

wave output taken from the top of the tank 

circuit depends on the Q of the tank circuit 

which is relatively low (32). 

d. The B section of V615 is a cathode fol- 

lower that decreases the amount of damping 

in the tank circuit by providing feedback into 

the tank circuit to replenish some of the energy 

lost due to tank circuit losses. The flow of 

plate current through the B section is from 
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ground through bypass capacitor C631, the 

tank coil from S to T, R1611, and the tube to 

B plus. By determining the value of the peak 

current that flows through the B section and 

therefore through the tank inductor from S to 

T, the potential across the top of the inductor 

(F to T) and the size of R1611 determine how 

much of the loss in the tank circuit is com- 

pensated. Resistor R1611 is made large enough 

to limit the current through V615B so that the 

feedback does not quite make up for tank cir- 

cuit losses. A 16.38-ke sine wave, which grad- 

ually decreases in amplitude from approxi- 

mately 150-volts peak to peak at T, to 140 volts 

at Tiso is taken from the top of the tank circuit 
during the negative input gate. 

e. Parallel RC network R1610 and C631 

makes the value of R1611 less critical. The 

time constant of the network is such that the 

de voltage at the bottom of the tank (and 

therefore the de voltage at the top of the tank 

and the grid to which the sine wave is applied) 

decreases exponentially to compensate for the 

fact that the amplitude of the sine wave output 

decreases exponentially. If this were not done, 

the range markers developed by succeeding 

stages would gradually become farther apart 

because of the gradual increase in the time it 

would take the decreasing output amplitude to 

drive V616A to cutoff. 

f. When the input to the A section of V615 

swings positive (Tio), the A section goes back 

into conduction and the current through the 

A section quickly damps out the tank oscilla- 

tions. When the A section conducts, the flow 

of grid current in parallel with the current 

through R1605 causes C629 to charge quickly 

to the positive input voltage. When the input 
gate goes negative, grid current stops flowing. 

and C629 can only discharge with a long time 

constant through the high resistance of R1605 

(1 megohm). In this way, grid leak bias is 

developed to operate the grid well beyond cut- 

off (—68 volts). This is necessary because the 

oscillations in the tank circuit cause the cath- 

ode to swing highly negative with respect to 

ground. Without grid leak bias, the signal 

voltage would not be great enough to hold the 

A section cutoff during the entire 160-mile 

negative input gate. The action that takes 

place in the grid circuit of V614A is grid 

clamping. 



(FROM C630B) * 
+270V 

RI606-RI609 
15K TOTAL 

To T160 To To Ti6o To 
! 

nee TP605 

aoe TO LIMITER-PEAKER 
V6I6A V614 C629 I6-KC GATED vile 

.O5UF OSCILLATOR 
V6I5 
12 AUT 

Tigo Tis0 Teo 
RIGOS 

To T6010 
+ 

ep 

To Tio Teo 

TMII67—-35-61 

Figure 64. Gated oscillator, 16-ke, simplified schematic diagram. 

g. The output of the 16-ke gated oscillator 

is taken from the common cathode of V615 

and is directly coupled to limiter-peaker V616A. 
The waveform consists of 32 complete sine 

waves (starting with a negative alternation) 

and one critically damped sine wave, the lead- 
ing edge of which becomes the 160-mile range 

marker. 

123. Marker Circuits, 5-Mile 
(fig. 65) 

The negative leading edges of the 16-kc sine 

wave produced by the 16-ke gated oscillator 

are converted into sharp positive peaks by 

limiter-peaker V616A. . These positive peaks 

are applied through 5-mile blocking oscillator 

keyer V616B, which acts as a buffer stage, to 

single-swing 5-mile blocking oscillator V617A. 

The 5-mile blocking oscillator produces narrow 

range marker pulses which are applied to the 

ppi mixer circuit, the A-scope mixer circuit, 

and the 25-mile range marker circuit. 

a. The bias on limiter-peaker V616A is nor- 

mally 10 volts (grid +12 and cathode +22) so 

that approximately 6.7 ma plate current nor- 
mally flows and creates a magnetic field about 

peaking coil L604. Because high frequencies 

must be reproduced in the plate circuit, a small 

plate load resistor is used (3,300 ohms). Since 

the input signal swings considerably positive, 

two methods are used to protect the tube from 

excessive current flow during circuit operation. 

Grid limiting is provided by R1612 in the grid 

circuit. Degeneration occurs across cathode 

resistor R1614 because cathode bypass capaci- 

tor C632 is too small (330 yupf) to bypass the 

sine waves of current through V616A. 

b. With its grid normally at ground poten- 

tial, blocking oscillator keyer V616B is held 

beyond cutoff by the flow of plate current 

through V616A which holds the common cath- 

ode at +22 volts. While cathode bypass capaci- — 
tor C632 is too small to bypass V616A current, 

it effectively bypasses the narrow pulse current 

that flows through V616B during circuit 

operation. 

c. With the range marker link connection in 

the B to C position, voltage divider R1623 and 
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R1622 holds the grid of 5-mile blocking oscil- 
lator V617A at —27 volts to produce 5- and 

25-mile range markers on the indicators. With 

the cathode at ground potential, V617A is nor- 

mally beyond cutoff. Capacitor C635 is nor- 

mally charged to the bias potential of —26 volts 

and prevents stray triggering of the blocking 

oscillator. 

d. Both V616A and V616B help the 5-mile 
blocking oscillator go into conduction as soon 

as possible as the 16-kc input sine wave swings 

negative (at 0, 5, 10, 15, etc., miles). When 

the input to V616A swings negative, it cuts off 

plate current. The field about peaking coil 

L604 collapses to keep current flowing through 

the inductor in the same direction. Because 

the flow of plate current is cutoff abruptly, 

the collapsing field causes a sharp positive rise 

in voltage at the plate of V616A. This rise in 

voltage is coupled across grid resistor R1615 

by coupling capacitor C633. The rise in volt- 

age at the grid of V616B causes it to conduct. 

Plate current flow through V616B causes a 

magnetic field to expand about the 5-6 winding 

of T602. This field induces a voltage across 

the 2-7 winding which is positive at the grid 

and raises the grid of V617A above the —26 

volt bias reference. As soon as the induced 

voltage raises the grid above cutoff and some 

plate current begins to flow, a rapid regenera- 

tive action begins, which is characteristic of 

a blocking oscillator and independent of the 

input. To make the resulting range markers 

as accurate as possible, the action from the 

time V616A cuts off until the 5-mile blocking 

oscillator fires is almost instantaneous. 

e. The degree of coupling between the plate 

winding of T602 (3-8) and the grid winding 

(2-7) is very close to unity. When plate cur- 

rent starts to flow through V617A, the plate 

voltage decreases and transformer action causes 

the grid (terminal 2 of the transformer) to go 

positive with respect to terminal 7. This causes 

a further increase in plate current, which 

causes the plate potential to decrease further 

and the grid potential to become even more 

positive. Since the grid has far more control 

over plate current than the plate potential has 

during this portion of the cycle, the grid poten- 

tial is rapidly raised above the cathode poten- 

tial and grid current starts to flow. The regen- 

erative action continues with the plate current 
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increasing, the plate voltage decreasing, the 

grid potential increasing, and the flow of grid 

current charging C635. The result is that with 

the grid becoming highly positive with respect 

to the cathode, the operation of the tube is 

moved into a very nonlinear region and the 

grid does not have as much control over plate 

current. As the grid continues going positive 

and the plate potential decreases, an equilib- 

rium point is reached where the decrease in 

plate voltage has as much effect in decreasing 

plate current as the increase in grid voltage 

has in increasing it. Thus, there is no further 

increase in plate current, no voltage induced 
in the grid winding, and the regenerative 

action ends. 

f. At the equilibrium point, there is no fur- 

ther increase in plate current, a stationary 

magnetic field exists about the plate winding 

because of plate current flow, no voltage is 

induced in the grid winding, a stationary 

magnetic field exists about the grid winding 

because of the flow of grid current, and the 

regenerative action ends. The circuit cannot 

remain in this equilibrium condition. With no 

further voltage induced across the grid wind- 

ing, grid current tends to stop flowing. This 

causes the field about the grid winding to col- 
lapse and induces a counter electromotive force 

which is positive at the grid end of the grid 

winding, which keeps grid current flowing. 

Grid current cannot stop flowing until the field 

about the grid winding collapses. However, in 

this process, the grid becomes slightly less posi- 

tive. While still in the nonlinear operating 

region of the tube, the decrease in grid voltage 

causes a decrease in plate current which in 

turn causes the field about the plate winding 

to start to collapse. The collapse of the field 

about the plate winding induces a voltage 

across the grid winding which is negative at 

the grid end of the grid winding. This induced 
voltage opposes the cemf due to the collapsing 
field about the grid winding and causes a fur- 

ther decrease in grid current. The action 

continues relatively slow with the grid becom- 

ing less positive, plate current decreasing, and 

the plate voltage rising. 

g. As the grid becomes less positive, the tube 

is again operated in the more linear region 

where the grid has considerably more effect 

on plate current than the plate voltage and a 
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second rapid regenerative action occurs. Be- 
cause of the gain of the tube in the linear 

region and the close transformer coupling be- 

tween the increasing plate voltage and the 

decreasing grid voltage, the original field built 

up about the grid winding moves in all the 

way. Now the collapsing field about the plate 

winding induces a voltage across the grid wind- 
ing which is negative at the grid end. This 

causes the grid to go negative with respect to 

the cathode, grid current to stop flowing, and 

the charge of C635 ends. Since C635 has a 

path through which to discharge and starts to 

discharge, the induced voltage across the grid 

winding due to the collapse of the field about 

the plate winding and the capacitor discharge 

both cause the grid to go negative with respect 

to the cathode. With the grid rapidly going 

negative, the result is that the change in grid 

current is almost instantaneous from the time 

grid current stops flowing until plate current 

stops flowing because of the second rapid 

regenerative action. 

h. The length of time that plate current 

flows through V617A is principally determined 
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65. Figure 

by the characteristics of blocking oscillator 

transformer T602. In this case, the time 

(pulse width) is approximately 1.8 microsec- 

onds, and during this time a positive pulse of 

voltage is developed across cathode resistor 

R1621, and a negative pulse of voltage is devel- 

oped across R2622 in the plate circuit. These 

pulses are the outputs taken from V617A. 

i. When the plate current of V617A is cut- 
off by the second rapid regenerative action of 

the single-swing blocking oscillator, the change 

in plate current is so fast that ringing takes 

place between the plate winding (3-8) and its 

distributed capacitance. However, only one 

large positive swing in voltage (which raises 

the plate potential above the +270 volts plate 

supply potential) takes place at the plate of 

V617A because 5-mile blocking oscillator keyer 

V616B conducts heavily during this time and 

loads the plate winding. If the ringing does 

continue for a few cycles, the exponential dis- 

charge of C635 holds the grid well beyond 

cutoff so that the ringing could not cause 

V617A to go into conduction again. The time 

constant of the discharge of C635 is such (10 
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Five-mile marker circuits, simplified schematic diagram. 
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microseconds) that the circuit recovers com- 

pletely during the 61 microseconds between 

range markers. 

j. While plate current flows through 5-mile 

blocking oscillator V617A, negative pulses are 

developed across R2622. These pulses are 

applied through marker selector switches to 

ppi video-marker mixer V602. At the same 

time, positive pulses are developed across cath- 

ode resistor R1621. These pulses are applied 

directly to 25-mile blocking oscillator keyer 

V617B and through marker selector switches 

to A video-marker mixer V619. 

124. Marker Circuits, 25-Mile 
(fig. 66) 

The 5-mile range markers produced by the 
5-mile blocking oscillator are used to produce 

25-mile range markers. This is done by apply- 

ing the 5-mile markers through 25-mile block- 

ing oscillator keyer V617B so that every fifth 

5-mile range marker triggers 25-mile blocking 

oscillator V618B into conduction. Marker 

clamper V618A permits the application of bias 

to V618B and at the same time, disconnects 

bias network R1624 and R1625 during a phase 

of circuit operation. 

a. The 25-mile blocking oscillator keyer 

(V617B) is operated so that it normally con- 

ducts. The flow of plate current (5.2 ma) 

through cathode resistor R1626 (2,200) estab- 

lishes the cathode 11.5 volts positive with 

respect to its grid, which is normally at ground 

potential. 

b. The 25-mile blocking oscillator (V618B) 

is normally held beyond cutoff by the voltage 

divider in its grid circuit. The grid of marker 

clamper V618A is connected to its plate so that 

this triode section is operated as a diode. The 

plate returns to +3800 volts through the grid 

resistors of the 25-mile blocking oscillator, 

R1619, R1630, and R1618, so that V618A nor- 

mally conducts. Current through V618A flows 

from —150 volts through R1624, in parallel 

with current from ground through R1625. 

The normal plate current through V618A estab- 

lishes the plate of V618A and therefore the 

grid of 25-mile blocking oscillator at approxi- 

mately —33 volts if potentiometer R1618 (BO. 

ADJ.) is adjusted to obtain 25-mile range 

markers. 

c. The pulse which occurs at time T, triggers 
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V618B into conduction. From this time until 

grid current stops flowing, the circuit opera- 

tion is the same as for 5-mile blocking oscil- 

lator keyer V616B and 5-mile blocking oscil- 

lator V617A (par. 128). The difference 

between the two blocking oscillator circuits is 

that the RC time constant in the grid circuit 

of V618B is much longer so that V618B is not — 

triggered every 5 miles. 

d. The flow of grid current during the single- 

swing blocking oscillator action charges C637 

so that the ungrounded plate becomes consider- 

ably negative with respect to ground. When 

grid current stops flowing, C637 discharges 

through R1619, R1630, R1618, and the +300- 

volt power supply to ground. Its discharge 

current makes the plate of V618A negative 

with respect to its cathode so that marker 

clamper V618A cuts off and disconnects the 

voltage divider tied to its cathode (R1624 and 

R1625) from the circuit. The discharge of 

C637 holds V618A cutoff and V618B suffi- 

ciently beyond cutoff so that the next four 

5-mile range markers are insufficient in ampli- 

tude to bring V618B into conduction. The 

time constant of the discharge of C637 is 

adjusted by changing the resistance of potenti- 

ometer R1618 (BO. ADJ.) so that the 5-mile 

marker occurring at time T.; raises the grid 

of V618B above cutoff and every fifth 5-mile 

marker triggers the 25-mile blocking oscillator. 

Thus V618B acts as a frequency divider and 

produces range markers one-fifth as often as 

5-mile blocking oscillator V617A. 

e. The grid of V618B is returned to +300 
volts to stabilize the timing of the circuit. The 
discharge of C637 holds both V618B and 

V618A cutoff. Once V618A cuts off, C637 

starts to charge so that its upper plate would 
be 800 volts positive with respect to ground. 

The 5-mile marker, which brings the blocking 

into conduction, interrupts this charge so that 

the top of C637 never becomes positive with 

respect to ground, but because C637 tries to 

charge to +3800 volts makes its actual discharge 

time a more linear change and therefore the 

grid potential a sharper rise upon which the 

proper 5-mile range marker rides. In this way, 

circuit variations have less effect on the timing 

of the firing of V618B when the proper 5-mile 

marker triggers it. Potentiometer R1618 is 

adjusted to give 25-mile range markers approx- 
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imately halfway between the points where 

the setting of R1618 would produce 20-mile 

markers and where the setting of R1618 would 

produce 30-mile markers. This arrangement 

(with the grid of V618B returned to +300 

volts) gives maximum stability and maximum 

range for circuit variations and still produces 

25-mile range markers. 

Section V. STROBE 

125. General 
(fig. 224) 

Range strobe multivibrator V621, strobe 

blocking oscillator keyer V613A, and strobe 

blocking oscillator V613B make up the variable 

strobe generator circuitry. 

a. Range strobe multivibrator V621 is trig- 

gered by the indicator trigger and produces a 

variable time delay from approximately 10 to 

150 miles later than the indicator trigger. 

Two outputs are taken from V621. One is 

applied to A gate multivibrator V622 when 

A RANGE SELECTOR S609 is in the EXP 

position to trigger the start of the expanded 

10-mile sweep on the A-scope. The other is 

applied through strobe blocking oscillator keyer 

V613A to trigger strobe blocking oscillator 

V613B. 
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Marker circuits, 25-mile, simplified schematic diagram. 

f. Two outputs are taken from 25-mile block- 

ing oscillator V618B. Negative pulses are 

taken from the plate circuit and applied 

through marker selector switches to ppi video- 

marker mixer V602. Positive pulses are taken 

from the cathode circuit and applied through 

marker selector switches to A video-marker 

mixer V619. 

GENERATOR CIRCUITS 

b. The strobe blocking oscillator produces a 

narrow negative pulse, which is applied 

through video-marker mixer V602 to the ppi 

scope to indicate the range at which the ex- 

panded sweep on the A-scope starts. This ar- 

rangement makes it possible to select a target 

on the ppi scope, vary RANGE STROBE po- 

tentiometer R1657 until the strobe is seen just 

preceding the selected target, and then observe 

the selected target on the expanded 10-mile 

sweep on the A-scope. This is possible, be- 

cause the strobe on the ppi scope and the start 

of the expanded sweep on the A-scope move - 

simultaneously in time. 

126. Range Strobe Multivibrator 
(fig. 67) 

Range strobe multivibrator V621 is a cath- 

ode-coupled, one-shot multivibrator, which is 
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triggered by the indicator trigger, and pro- 

duces a variable time delay. The output of 

V621 determines where the strobe appears on 

the ppi scope and at what range the expanded 

sweep on the A-scope begins. 

a. Both grids of V621 are returned to +300 

volts. Voltage divider R1658, R1657, and 

R1659 establishes the grid of the B section at 

+61 volts. Grid current through the B section 

helps establish this potential since both grid 

current and plate current normally flow 

through the B section. The flow of B section 

grid and plate currents through cathode resis- 

tors R1654 and R1656 establishes the common 

cathode of the multivibrator at +60 volts. 

Voltage divider R1653 and R1647 hold the grid 

of the A section at +38 volts. With the grid 

of the A section normally 22 volts negative with 

respect to its cathode, the A section is normally 

beyond cutoff. The pretrigger conditions are 

such that the B section conducts heavily with 

its plate at +100 volts and the A section is be- 

yond cutoff with its plate at +270 volts. 

b. The flow of four currents (the two voltage 

divider currents and the grid and plate cur- 

rents through the B section) through decou- 

pling resistor R1652 causes an average voltage 

drop of 30 volts across R1652 and results in 

decoupling capacitor C644 taking on an aver- 

age charge of +270 volts. Capacitor C644 is 

large (.5 »f) and can supply pulses of current 

through the multivibrator and then recharge 

slowly. Since the voltage across C644 does 

not change more than a few volts during cir- 

cuit operation, the 270 volts across C644 is 

B+ for the stage. Thus decoupling network 

R1652 and C644 reduces interaction between 

circuits operated from the same power source. 

c. When the indicator trigger is coupled in 

by C643 and developed across grid resistor 

R1653, the grid of the A section rises above 

cutoff and the A section fires. The drop in 

potential at the plate (105 volts) causes C645 

to discharge through the grid resistors so that 

the grid of the B section is rapidly driven 

beyond cutoff. The amount of the change in 

voltage at the plate of the A section when the 

A section fires and the time constant of the 

discharge of C645 determine how long the B 

section remains beyond cutoff. When the dis- 

charge current of C645 diminishes to the point 

where it can no longer hold the B section be- 
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yond cutoff, the B section fires and the circuit 

rapidly returns to the pretrigger conditions 

with the B section conducting heavily and the 

flow of B section current through the common 

cathode resistances, holding the A section be- 

yond cutoff. 

d. At the time of the indicator trigger (T.), 

the waveform at the plate of the A section 

drops and remains low as long as the B section 

remains beyond cutoff. When the discharge of 

C645 can no longer hold the B section beyond 

cutoff, the circuit returns to the pretrigger 

conditions (T;.) and the voltage at the plate of 

the A section rapidly returns to +270 volts. 

e. The length of the negative output gate 

from V621 depends on the setting of two poten- 

tiometers, strobe limit potentiometer R1655 

(STROBE LIM) and RANGE STROBE po- 
tentiometer R1657. When the A section fires, 

common cathode resistors R1654 and R1656, 

the de plate resistance of the A section, R1655, 

and R1648 make up a voltage divider between 

ground and +270 volts. The setting of R1655 

determines how far below +270 volts the plate 

voltage of the A section drops at time T,. For 

example, if the wiper arm of R1655 is moved 

toward the plate of the tube, less of the resist- 

ance of R1655 is shorted out and the current 

through the A section will cause a greater volt- 

age drop across the greater plate load resist- 

ance. A greater voltage drop takes place at 

the plate of the A section, and with all other 

circuit values constant, it will take longer for 

the discharge current of C645 to diminish to 

the point where it cannot hold the B section 
beyond cutoff. It takes a capacitor the same 

length of time to completely adjust to any 

change in voltage, but in this case, C645 starts 

to recharge rather than continue to discharge. 

The B section goes back into conduction, the 

multivibrator rapidly switches so that the B 

section conducts heavily, and the A section 

cuts off and C645 must recharge to its pretrig- 

ger state. In this way, the setting of R1655 

establishes the maximum length of time that 

V621 can be held beyond cutoff by establishing 

the amount of decrease in plate voltage at the 

plate of V621A when V621L is triggered into 

conduction. 

f. The discharge current of C645 flows 

through R1657 and then in two paths from the 

wiper arm of R1657. One is through R1659 



INDICATOR TRIGGER 
FROM JUNCTION OF 
R680 AND R681 

RANGE STROBE 
MULTIVIBRATOR 

V62I 
12AU7 

+300V 

470K l ' 

105V 
28 

IN GRID CIRCUIT 
OF V6I3A 

RI657 
2.5 MEG 

RANGE 
STROBE 

Ri658 
470K 

TM1167-35-36 

Figure 67. Range strobe multivibrator, simplified schematic diagram. 

into C644 and from C644 to ground. The other 

is through R1658 to ground. The discharge 
path of C645 is completed from ground through 

R1654 and R1655 and the dc plate resistance 
of the A section. Resistors R1655 and R1657 

limit the time the discharge of C645 holds the 

B section beyond cutoff. With the RANGE 

STROBE potentiometer set for maximum 
strobe position (maximum resistance), strobe 

limit potentiometer R1655 is adjusted to make 

the position of the strobe equal to 150 miles on 
the ppi scope. This adjusts the length of time 

that the A section of V621 remains conducting 

(and the B section remains beyond cutoff) to 

a time equivalent to 150 miles. 
resistance of R1657 is decreased, the range of 

the strobe decreases until the resistance of 

R1657 is zero. At this time, the strobe is at 

its minimum range between 10 and 15 miles, 

depending upon exact circuit values. 

g. A negative output gate is taken from the 

plate of V621A (pin 1). The variable time of 

the positive rise (T;., with the conditions 

shown) of the output waveform is used in sub- 

sequent circuits to make the strobe on the ppi 

Scope and the start of the expanded sweep on 

the A-scope occur from approximately 10 miles 

Then, as the — 

to 150 miles. The negative output gate is ap- 

plied to strobe blocking oscillator keyer V613A. 

127. Strobe Keyer and Blocking Oscillator 
(fig. 68) 

Strobe blocking oscillator keyer V613A 

serves as a buffer stage between two oscillators, 

multivibrator V621, and strobe blocking oscil- 

lator V613B, and also damps out ringing 

which takes place in blocking oscillator trans- 

former T601 during circuit operation. Strobe 

blocking oscillator V613B is a single-swing 

blocking oscillator which is used to generate a 

narrow pulse that appears as a strobe marker 

on the ppi scope. Each stage is a section of a 

12AU7 medium mu dual triode. 

a. Both cathodes of V613 are grounded and 

both grids are normally held at —27 volts by 

voltage divider R688 and R687 between —150 

volts and ground. With 270 volts plate supply 

potential being supplied by decoupling capac- 

itor C630B (fig. 63), cutoff for both tube sec- 

tions is approximately —20 volts. Both tube 

sections are normally beyond cutoff and both 

plate potentials are normally equal to +270 

volts. Capacitor C626, which is in parallel 

with R687, is normally charged to the bias 
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potential of —27 volts. It prevents stray trig- 

gering of the blocking oscillator by any sudden 

changes in voltage which might appear between 

R687 and R688, by holding this point at —27 

volts. 

b. The negative gate which is applied from 

strobe multivibrator V621 is differentiated by 

the short time constant of C646 and R686. 

The voltage appearing at TP604 is a sharp 

negative peak which corresponds in time to 

the indicator trigger and a sharp positive peak 

which corresponds in time to the variable 

trailing edge of the negative input gate. The 

variable positive peak leaves the strobe gener- 

ator circuitry at this point to trigger the A- 

scope expanded sweep. 

c. The sharp positive peak is also applied 

to the strobe blocking oscillator keyer. It 

raises the grid of V613A above cutoff and al- 

lows plate current to flow through the keyer. 

The surge of plate current through the 5-6 

winding of T601 (which is the plate load for 

V613A) causes a magnetic field to expand and 

cut the 2-7 winding of T601. The voltage in- 
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duced in the 2—7 winding raises the grid of 
V613B above the —27 volt bias reference. Al- 

most instantaneously, the grid rises above —20 

volts, plate current begins to flow through 

V613B, and normal single-swing blocking oscil- 

lator action results. Circuit operation is iden- 

tical with that which takes place in 5-mile 

blocking oscillator V617A (par. 123). 

d. The pulse of current that flows through 

V613B flows through R685 and develops a nar- 

row negative pulse (1.8 microseconds) across 

R685. This negative pulse is applied through 

C625 and R584 to the cathode of iff video- 

marker mixer V601 and appears as a large 

negative pulse on the cathode of the ppi scope 

to make an intensified variable strobe marker 

appear on the screen of the ppi scope. The am- 

plitude of the negative pulse taken from the 

plate circuit of V613B is controlled by strobe 

intensity potentiometer R685 (STROBE INT.). 

The pulse is amplified by a fixed amount in suc- 

ceeding stages so that R685 controls the inten- 

sity of the strobe with respect to other infor- 

mation displayed on the ppi screen. 

STROBE INT. 
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Strobe keyer and blocking oscillator, simplified schematic diagram. 



Section VI. 

128. General 
(fig. 224) 

The A-scope sweep circuits produce the 
necessary unblanking, positioning, and deflec- 
tion voltages to produce a time base on the 
screen of A-scope V625. The A-scope sweep 

circuits consist of A-gate multivibrator V622 

which produces the necessary gates, A-gate 

clamper V604B which operates in conjunction 

with the multivibrator for producing gates of 

various time durations, A-sweep generator 

V623 which produces a linear sawtooth volt- 

age, and A paraphase amplifier V624 which 

produces positive and negative going sawtooth 

voltages to provide push-pull deflection of the 

beam of the A-scope. 

a. The A-scope sweep circuits are actuated by 

the indicator trigger when A RANGE SELEC- 

TOR switch S609 is in the 20, 40, 80, or 160 

position. In these positions, the time base on 

the A-scope starts at zero and extends for a 

corresponding range. 

A-SCOPE SWEEP CIRCUITS 

b. The sweep may also be delayed and 

started from between approximately 10 and 

150 miles when S609A is in the EXP position. 

In this case, an expanded sweep of 10 miles 

duration appears on the A-scope. The start 

is triggered by the output of range strobe 

multivibrator V621. 

129. A-Gate Multivibrator V622 
(fig. 69) 

A-gate multivibrator V622 is a cathode- 

coupled, one-shot multivibrator circuit which 

produces the unblanking and sweep gates for 

the A-scope. When S609A is in the 20, 40, 80, 

or 160 position, the indicator trigger is cou- 

pled from the junction of R680 and R681 by 

C643 (through S609A) in series with C647 to 

trip the multivibrator. In these four positions 

of S609A, the circuit values are virtually iden- 

tical with those of ppi-gate multivibrator V603 

and ppi-gate clamper V604A (par. 115). 
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Figure 69. A-gate multivibrator, simplified schematic diagram. 
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multivibrator V622 is not actuated by the indi- 

cator trigger. Instead, the indicator trigger 

trips range strobe multivibrator V621, which 
develops a delayed trigger which in turn trips 

V622. The coupling from the A section to the 

B section of V622 consists of C649, C651, and 

C652 all in parallel and in series with C648 

(C650 dropping out of the circuit in the EXP 

position of S609A). The effective capacitance 

in the coupling circuit is 210 puf, which makes 

the output gates of the multivibrator 10 miles. 

The negative output gate is applied to A-sweep 

generator V623 to hold it beyond cutoff during 

expanded sweep time. 

b. The B section plate circuit of V622 differs 

from the B section plate circuit of V603 in that 

the size of the plate load resistence of V622 

is changed by S609B. However, this does not 

affect the timing of the multivibrator. It is 

done to adjust the amplitude of the positive 

output unblanking voltage that is coupled to 

the control grid of the A-scope to maintain the 

same intensity on the screen as the sweep speed 

is changed. 

c. Since the control grid of A-scope V625 

is operated at —1,500 volts dc, C661 is neces- 

sary to keep this large negative potential from 

the multivibrator plate. Because the coupling 

capacitor is used, resistors R1660, R1661, 

R1662, and R1663 are used in the plate circuit 

of the B section of V622. In the position of 

S609B that is shown in figure 69 the multi- 
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vibrator circuitry is the same in the EXP, 20, 

and 40 positions. Resistors R1661, R1662, and 

R1663 make up the plate load of the B section 

of the multivibrator. In coupling the unblank- 

ing gate through C661 and across R1691, the 

coupling circuit determines how far positive 

(and negative) the grid of the A-scope goes 

with respect to the —1,500-volt reference. 

d. In displaying various sweep speeds on a 

cathode ray tube, the slower the beam moves, 

the less positive the control grid needs to be 

(with respect to the cathode) to obtain a con- 

stant trace illumination, because the slower 

the beam is deflected, the greater the number 

of hits on the screen per unit of time. Wave- 

forms A, B, and C of figure 70 show how the 

grid of V625 goes less positive as the unblank- 

ing gate width increases (sweep speed de- 

creases) from EXP to 20 to 40. This results 

from the natural action of the coupling circuit, 

which makes the area above the —1,500-refer- 

ence equal to the area below the reference. 

e. A problem that results from the action 
of the coupling circuit is that as the sweep 

speed is changed to 80 and if no compensation 

in the unblanking amplitude is made, the grid 

of the A-scope will not go positive enough to 

maintain the proper intensity even though the 

sweep speed is decreased (waveform D). This 

is compensated for by increasing the plate 

load resistance of the B section of V622 to in- 

crease the amplitude of the voltage at the plate 
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Figure 70. A-scope unblanking gate waveforms. 
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of V622B (waveform E). Resistor R1660 

(10K) is substituted for R1661 (6,800 ohms), 

making the total plate load resistance of 

V622B higher when S609 is switched from the 
40 to the 80 position. The plate load resist- 

ance, the dc resistance of the tube, and the 

cathode resistance make up a voltage divider 

between +300 volts and ground. If the plate 

load resistance is made larger, when the B 

section fires a greater share of the +300 volts 

appears across the load resistance and causes 

the plate voltage to drop to a lower potential. 

When the tube goes back into cutoff, a larger 

rise in potential takes place and the positive 

gate becomes greater in amplitude. 

f. In the same way and for the same reasons, 

in the 160 position of S609B, the plate load 

resistance in the B section is increased by 

eliminating R1660 (waveforms F and G). 

130. A-Sweep Generator 
(fig. 71) 

A-sweep generator V623 produces a saw- 

tooth voltage which is applied to A paraphase 

amplifier V624 which in turn produces push- 

pull voltages to form a time base between the 

horizontal deflection of A-scope V625. 

a. The static (no indicator trigger) condi- 

tions are such that the grid and cathode are 

at ground potential and the screen is held at 

+80 volts by the flow of screen current through 

screen dropping resistors R1679, R1680, and 

_R1681. The tube conducts very lightly because 

plate load resistors R1677 and R1676 are large. 

Because the zero bias de plate resistance of 

the tube is very small compared to the plate 

load resistance, the plate voltage is approxi- 

mately .5 volt and C657 is charged to this 

potential. 

b. When the negative gate is coupled in by 

C653 and developed across grid resistor R1678, 
the tube cuts off. As soon as plate current 

ends, the plate potential would normally rise 

to +300 volts but the voltage at the plate can 

only rise as fast as C618 will charge through 

R1677 and R1676. The only immediate effect 

caused by the start of the negative gate is that 

the charge current of C657 replaces the plate 

current which previously held the plate voltage 

down. As long as the negative gate holds the 

tube beyond cutoff (247 microseconds in the 20 

position of S609D), C657 charges exponentially 

toward +300 volts. Since the time constant 

of C657 and the plate resistance is very long 

compared with the duration of the negative 

gate, C657 charges for only .027 of a time con- 

stant (with R1676 at midrange); therefore, 

the rise in voltage at the plate is linear during 

the gate. The rise is to 9 volts if the negative 

gate is exactly 20 miles. The actual amplitude 

of the sawtooth voltage developed in the plate 

circuit is principally determined by the setting 

of A-scope SWEEP LENGTH potentiometer 

R1676. This potentiometer varies the physical 

length of the sweep on the A-scope by varying 

the amplitude of the output sawtooth of V623 

from 6 to 15 volts. The linearity of the saw- 

tooth is not affected by this control because 

the maximum that C637 can charge (with 

R1676 equal to zero) is 5 percent of the ap- 

plied voltage and the rise would still be linear 

if C647 charged as high as 10 percent of the 

300-volt change in voltage that takes place 

when the tube cuts off. 

c. When the negative gate ends, C657 quick- 

ly discharges through the low resistance of the 

tube and the voltage at the plate remains at 

.5 volt until the next negative gate begins. 

d. To have the 40-mile range sweep on the 
A-scope maintain the same physical length 

when the electrical length is changed to 40 

miles by S609, C656 is added in parallel with 

C657 to double the charge time constant of the 

combined capacitance so that it will take twice 

as long for the combined capacitance to charge 

to the same potential during the gate which 

is twice as long. Similarly, in the 80 and 160 

positions of S609, C655 and C654 are added in 

parallel to maintain the physical length when 

the electrical sweep length is changed to 80 

and 160 miles respectively. 

e. Capacitor C658 is shorted out in the 20, 

40, 80, and 160 positions of S609. In the EXP 

position, the short is removed so that C658 be- 

comes in series with C657, C655, and C654, 

which are all in parallel. The total capacitance 

from plate to ground becomes 935 py»f or ap- 

proximately half of what it is in the 20 posi- 

tion. Since the gate time is also decreased to 

half by S609, the amplitude of the sawtooth 

remains approximately the same. 

f. In all five switch positions of S609, the 

output of V623 is a sawtooth voltage of almost 

the same amplitude but the slope of the rise 
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changes so that it takes different times for the 

sawtooth to rise to the required amplitude. 

The output of V623 is applied to A paraphase 

amplifier V624. 

131. Paraphase Amplifier V624 
(fig. 72) 

A paraphase amplifier V624 is a high mu 

twin triode operated as a cathode-coupled para- 

phase amplifier. The linear sawtooth voltage 

from the A-sweep generator is amplified by 

V624 and sawtooth voltages of opposite polar- 

ity are taken from the plates to provide for 

push-pull horizontal deflection of the A-scope. 

a. Voltage divider R1688 and R1687 estab- 

lishes the grid potential of the B section close 

to the cathode potential and therefore deter- 

mines how much plate current normally flows 

through the B section. Parallel cathode resis- 

tors R1685 and R1686 (132K total resistance) 

are returned to —150 volts. The large cathode 

resistance is necessary to obtain balanced out- 

put voltages. Because of the degeneration that 

results across the large unbypassed cathode 

resistance, the plate supply potential for the 

stage is increased to 450 volts between —150 

and +300 to obtain sufficiently large output 

sawtooth voltages to drive the horizontal de- 

flection plates of V625. 

b. Current through the common cathode re- 

sistance establishes the cathode of the A sec- 

tion at +2 volts. Since the grid of the A sec- 

tion is very close to ground, the operating point 
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A-sweep generator, simplified schematic diagram. 

of the A section (—2 volts) limits the current 

flow through the A section to considerably less 

than the normal current through the B section. 
This normal unbalance in the static tube cur- 

rents through equal plate load resistors R1682 

and R1683 results in the plate of the A section 

being more positive (+230) than the plate of 

the B section (+100). Since these potentials 
are dc coupled to the horizontal deflection 

plates of V625, the left deflection plate is 130 

volts more positive than the right deflection 

plate. The electric field between the deflection 

plates causes the cathode ray tube beam to 

be at the extreme left of the screen before the 

input sawtooth is applied. The start of the 

sweep is positioned to the left side of the A- 

scope so that it can move from left to right 

as the time base is formed. 

c. As the input sawtooth voltage goes posi- 

tive, plate current through the A section in- 

creases. The potential at the top of R1685 

and R1686 becomes more positive with respect 

to the grid of the B section and causes plate 
current through the B section to decrease. 

Since the A section is the driving section and 

the B section the driven section of the para- 

phase amplifier, there must be a net increase 

in current up through R1685 and R1686. This 

means that the change in current through the 

A section slightly exceeds the change in cur- 

rent through the B section, with the difference 

in currents (the net increase in IR drops across 

R1685 and R1686) providing the drive for the 



B section. In this way, the cathode coupling 

between the tube sections causes the voltage at 
the plate of the B section to rise as the voltage 

at the plate of the A section decreases. This 

action continues during the positive rise in 

voltage at the grid of the A section and the 

output sawtooth voltages cause push-pull hori- 

zontal deflection of the beam of V625. When 

the input sawtooth goes negative, the tube sec- 

tion currents quickly return to their normal 

values and the cathode ray tube beam is rapidly 

deflected to its starting position. 

d. The fall time of the input sawtooth wave- 

form is very rapid and the sawtooth contains 

higher order harmonics. Resistor R2623 pre- 

vents ringing of the lead inductance and stray 

capacitance in the grid circuit. 

e. One-half of the 12AX7 tube is operated 

close to zero bias and the other is operated at 

—2 volts (for horizontal positioning) ; there- 

fore, R1684 is placed in the cathode circuit of 

the B section as a degenerative compensation 

because the transconductance of the B section 

is higher. In this way, the current changes 
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through the equal plate load resistors develop 
closely balanced output voltages. If the tube 

sections were operated at the same point, 

R1684 would not be necessary, but then the 

sweep would start from the center of the screen 

of V625. 

f. The static grid potential of the B section 

of V624 is established by the setting of hori- 

zontal centering (HORIZ CENTER) potenti- 

ometer R1687. The grid potential determines 

the static de potentials at the plates of V624 

and therefore at the horizontal deflection plates. 

The sawtooth voltage input to the A section 

and the gain of V624 determine the ac swing 

in voltages at the plates. Varying R1687 

varies the references about which the ac varia- 

tions take place and therefore varies the posi- 

tioning of the entire sweep on the screen of 

the A-scope. 

g. Capacitors C659 (1.5 to 7 p»f) and C660 

(5 pyf) balance the capacitance between the 

horizontal deflection plates and the vertical up- 

per deflection plate. Capacitor C659 is adjust- 

able to compensate for variations in wiring the 
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Figure 72. A paraphase amplifier, sumplified schematic aragram. 
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deflection plates and for variations in the cath- 

ode ray tube characteristics. If the two pairs 

of deflection plates are unbalanced, the vertical 

Section VII. 

132. General 
(fig. 224) 

a. The A-scope display circuits display range 

markers and radar video information on the 

screen of cathode ray tube V625. The display 

circuits also include potentiometers and voltage 

dividers to establish the correct de operating 

potentials for the cathode ray tube elements. 

b. Minus 1,500 volts and positive 1,500 volts 

are applied to the A-scope from the indicator 

high-voltage power supply. An unblanking 

gate (from V622) and push-pull sweep volt- 

ages (from V624) are applied from the A- 

scope sweep circuits. Positive video pulses are 

applied to the vertical upper deflection plate 

from V612B in the video circuits. 

133. A-Scope Display Circuit Functioning 
(fig. 73) 

A-scope V625 is a 5CP1A-type cathode ray 

tube which employs electrostatic deflection (po- 

sition modulation) to display information and 

electrostatic focusing to make the presentation 

sharp. 

a. Voltage divider R1692 through R1698 

between —1,500 volts and ground establishes 

the de operating potentials for the control grid 

(—1,500 volts), cathode (—1,460 to —1,350 

volts) and first anode (—1,150 to —850 volts). 

Test point TP611 (—430 volts) is used to give 

a low level indication of the potentials along 

the voltage divider. Voltage divider R1690 and 

R1689 establishes the second anode potential 

between +225 and +300 volts. A +1,500-volt 

potential is applied to the aquadag coating 

within the bulb of the cathode ray tube from 

the indicator high-voltage power supply. 

b. The cathode ray tube electron beam is con- 

trolled by the difference in potential between 

the control grid and the emitting cathode. 

Normally, the cathode is operated sufficiently 

positive with respect to the control grid (be- 

yond cutoff) to prevent any beam current from 

flowing. During sweep time, an unblanking 

gate from A-scope gate multivibrator V622 

raises the grid above cutoff and allows beam 
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deflection will not be at right angles to the 

base line trace so that video and marker sig- 

nals will appear to lean to one side. 

A-SCOPE DISPLAY CIRCUITS 

current to flow. The first anode, second anode, — 

and aquadag, which are progressively more — 

positive with respect to the cathode, accelerate 

the beam through the deflection plates to the 
phosphoresent screen. If the accelerating po- 

tentials were the only force acting on the 

beam, the beam would travel down the axis 

of the cathode ray tube and strike the center 

of the screen. 

c. The A-scope sweep circuits generate sweep 

voltages which result in a second force that 

deflects the electron stream horizontally from 

the axis of the tube. Large positive pulses are — 

applied from A-scope video amplifier V612B 

to the vertical upper deflection plate to attract 

the beam upward while range markers and 

video information are displayed. Thus the 

actual position of the béam as it strikes the 

screen is the resultant of three forces. The 

first anode, second anode, and aquadag accele- 

rate the beam along the axis of the tube while 

the deflection plates cause the electron beam to 

move in the plane of the phosphorescent screen. 

d. Vertical centering of the sweep is accom- 

plished by varying the dc potential between 

the vertical lower deflection plate and the verti- 

cal upper deflection plate. Voltage divider — 

R2602 and R2601, the vertical centering 

(VERT CENTER) potentiometer, makes it 

possible to vary the potential of the vertical 

lower deflection plate between +133 and +300 

volts. 

e. The amount of illumination of the trace 

on the screen is determined by the number of 

electrons that strike the screen. This is varied 

by INTENSITY control R1693, which controls 

the bias of the cathode ray tube. Cathode by- 
pass capacitor C662 prevents degeneration 

when the unblanking gate is applied to the 

control grid. The filament of the tube is con- 

nected to the cathode to prevent breakdown 

between the filament and the cathode, which is 

operated approximately —1,400 volts with re- 

spect to ground. 

f. Focus of the electron beam so that it 

strikes the focal point on the screen is affected 
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Figure 78. A-scope display circuits, simplified schematic diagram. 

by two electrostatic fields: the field between the 

control grid and cathode and the field between 

the first and second anodes. For this reason 

there may be interaction between the INTEN- 

SITY and the FOCUS controls. The predomi- 
nant factor affecting whether or not the beam 

reaches the focal point on the screen is the 

electrostatic field configuration between the 

first and second anode. Focusing is based on 

the principle that electrons are accelerated 

along electrostatic lines of force. FOCUS po- 
tentiometer R1696 adjusts the potential of the 

first anode with respect to the second anode 

so that the field configuration between the two 

anodes causes the electron beam to be in focus 

when it strikes the screen. 

Section VIII. 

134. General 
(fig. 224) 

The video amplifier circuits amplify the 

video pulses that are applied from the signal 

comparing system and range markers that are 

generated in the indicating system into suffi- 

ciently large pulses to display the position of 

targets of the ppi scope and the A-scope. 

g. Astigmatism or elongation of the cathode 

ray tube electron beam, is caused by the aver- 

age potential on one pair of deflection plates 

being different from the average potential on 

the other pair of deflection plates. Control 

R1689 (ASTIG) corrects astigmatism by mak- 

ing the second anode potential equal to the 

average voltage on the vertical deflection plates. 

(The vertical deflection plates are closest to 

the second anode.) Thus, the beam spot is 

made as round as possible. Then FOCUS con- 

trol R1696, which affects both horizontal and 

vertical focus planes equally, is used to adjust 

the electrostatic field between the first and sec- 

ond anodes so that the beam reaches the screen 

of the tube at the correct focal point. 

VIDEO AMPLIFIER CIRCUITS 

Fixed range markers, the variable strobe mark- 

er, and iff video are mixed with the radar 

video pulses so that they are also displayed on 

the ppi scope. Fixed range markers are mixed 

with the radar video so that they are displaved 

on the A-scope. 

a. In either the NORMAL or MTI mode of 

operation, radar video information leaves the 
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signal comparing system from coaxial con- 

nector J303 (fig. 219, sheet 1), and enters the 

power supply at J415 (fig. 233, sheet 1). The 

video signal pulses are carried from J407 in 

the power supply in a coaxial cable within the 

multiconductor cable which enters the indicator 

on terminal 47 of J601 (fig. 224). 

b. The input positive video pulses are am- 

plified by grounded grid video amplifier V611 

and video cathode follower V612A, which are 

common amplifiers for both ppi and A video. 

Video is taken from the wiper arms of inde- 

pendent gain control potentiometers in the 

cathode circuit of V612A. 

c. Positive video pulses are applied from the 

cathode circuit of V612A to ppi video-marker 

mixer V602 and then to the cathode of ppi- 

scope V609 as negative video pulses. Positive 

video pulses are also applied to A video-marker 

mixer V619, are amplified by A-video amplifier 

V612B, and applied to the vertical upper de- 

flection plate of A-scope V625. 

d. The amplitudes of the video pulses given 

in the stage analyses which follow were ob- 

tained by feeding an RF pulse into the direc- 

tional coupler from a signal generator. With 

both video gain controls adjusted for maximum 

gain, the attenuator on the signal generator 

was adjusted to obtain a saturated pulse on 

the A-scope. 

135. Common Video Amplifiers 
(fig. 74) 

Video amplifier V611 and video cathode fol- 

lower V612A are called common video ampli- 

fiers because they amplify video pulses that are 

applied to both the ppi scope and the A-scope. 

Outputs are taken from the cathode circuit of 

V612A to separate ppi and A-video amplifier 

channels. 

a. The screen grid of V601 is connected to 

the plate so that the tube is operated as a 

triode. The stage is operated as a grounded 

grid amplifier. The normal flow of plate cur- 

rent through V611 develops sufficient cathode 

bias to operate the tube in its linear region. 

This bias voltage is developed across R672 

(4,700) in parallel with R3337 (220) in the 

cathode circuit of cathode follower V3307 in 

the signal comparing system. Operation of 

V611 depends upon its cathode circuit being 

connected to the cathode circuit of V3307 which 
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drives it. Proper transfer of power requires 

that the coaxial cable which carries video 

pulses to the indicating system be matched at 

both ends. The low input impedance of the 

grounded grid amplifier matches the imped- 

ance of the coaxial cable at the indicating sys- 

tem end. Decoupling network R675, R676, and 

C630A prevents the video pulses appearing in 

the plate circuit from affecting other stages 

supplied by +800 volts. Resistor R678 is the 

plate load for V611. 

b. When a positive pulse is applied to the 

cathode of V611, it causes the cathode to go 

positive with respect to the grounded grid so 

that plate current decreases and the plate po- 

tential rises. No polarity inversion takes place 

through the grounded grid amplifier. The gain 

of the stage is approximately 11. 

c. Video pulses are coupled from the plate 

circuit of V611 to the grid of V612A in a man- 

ner which depends upon the position of ANTI 

JAM switch S607. With S607 in the OFF posi- 

tion, video pulses are coupled from the plate 

circuit of V611 to the grid of V612A by the 

long time constant of C624 (.1 pf) and R679 

(680K). The L603, R674, and CR601 compo- 

nents have very little effect on circuit opera- 

tion so that video pulses of short or long dura- 

tion are coupled to the grid of video cathode 

follower V612A. 

d. To reproduce a pulse, the high frequencies 

must be reproduced in order to produce the 

rapid rise and fall of the pulse and the low 

frequencies must be reproduced in order to 

produce the top or constant amplitude portion 

of the pulse. A pulse can be differentiated by 

a high-pass filter which passes only high fre- 

quencies. 

e. When S607 is in the ON position, R679 is 

shorted out, C624 and L603 make up a high- 

pass filter, and wide pulses of low-frequency 

jamming or extended ground clutter returns 

are differentiated. Capacitor C624 (.1 pf) and 

inductor L603 (17 mh) make up an ac voltage 

divider to the various frequencies making up 

a pulse. The low-frequency components in the 

input pulse do not appear across L603 due to 

its low reactance as compared to the high re- 

actance of C624 at low frequency. At 400 

cycles, the reactance of L603 is 43 ohms as 

compared to 4,000 ohms for C624. The high- 

frequency components in the input pulse appear 
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Figure 74. Common video amplifiers, simplified schematic diagram. 

across L603 due to its high reactance as com- 

pared to the low reactance of C624 at high 

frequencies. At 1 megacycle, the reactance 

of L603 is 107K as compared to 1.6 ohms for 

C624; therefore, only the leading edges of the 

positive pulses coupled from V611 to V612A 

are reproduced across L603. In the case of 

pulses equal to the pulse width of the equip- 

ment (2 microseconds), this does not cause 

much loss and they are effectively coupled to 

V612A. However, only the leading edge of 

long duration pulses are coupled to V612A. 

f. Crystal diode CR601 limits the negative 

overshoots which result from differentiating 

the positive pulses. The crystal diode has a 

low forward resistance (approximately 500 

ohms from the grid of V612A to ground) and 

a high backward resistance (approximately 

700K from ground to the grid of V612A). Re- 

sistor R674 and crystal diode CR601 operate 

as a parallel diode limiter circuit between the 

top of L603 and the grid of V612A. Positive 

pulses are not affected and appear across the 

high backward resistance of CR601 which acts 

as the grid resistor for V612A. Only a small 
portion of the negative overshoots appear 

across the forward resistance of the crystal 

diode because most of the negative pulse is 

developed across series limiting resistor R674 

and does not appear as input to V612A. 

g. Video cathode follower V612A has a high 

input impedance and a low output impedance. 

While it has a gain of less than 1 (approxi- 

mately .9), it has good high-frequency response 

and provides a convenient method of control- 

ling the amplitude of the video pulses that are 

applied to the ppi and A-video channels. 

Video to the A-video channel is taken from 

the wiper arm of VIDEO GAIN potentiometer 

R683. Video to the ppi channel is taken from 

the wiper arm of VIDEO GAIN potentiometer 

R682. 

136. Ppi Video Mixers 
(fig. 75) 

Ppi video-marker mixer V602 and iff video- 

strobe mixer V601 mix four different types of 

video information (ppi video, fixed range 
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markers, iff video, and the variable strobe 

marker) to obtain one composite video signal 

which combines all four. The composite video 

signal is made up of negative pulses that are 

taken from the common plates of V601 and 

V602 and coupled to the cathode of ppi scope 

V609, which displays them as intensified spots 

on the screen. 
a. Iff video-strobe mixer V601 is a sharp 

cutoff 6AH6 pentode-type tube. Cathode bias 

for the stage is developed across cathode re- 

sistor R612 by the normal flow of plate cur- 

rent and screen grid current. The flow of 

screen current through screen dropping resis- 

tor R1613 establishes the screen at +125 volts. 

Screen bypass capacitor C605A prevents de- 

generation when a signal is applied to either 

the grid or cathode by preventing the pulses 

of increased screen current from flowing 

through R1613. 
b. Positive iff video pulses from the associ- 

ated iff equipment are carried from the power 

supply in a coaxial cable within the multicon- 

ductor cable that connects to J601. Parallel 

resistors R601 and R610 terminate the coaxial 

cable in its characteristic impedance. A por- 

tion of the available iff video signal is taken 

from the wiper arm of IFF VIDEO gain po- 

tentiometer R610 and coupled by C604 across 

grid resistor R611. Parasitic suppressor 

R2625 prevents the sharp iff pulse transients 

from shocking the stray capacitance and lead 

inductance into oscillation. 

c. The mixing of the two signals is accom- 

plished by having both input signals cause an 

increase in plate current. Both the positive 

iff video signals which are applied to the con- 

trol grid, and the negative strobe marker which 

is applied to the cathode, cause plate current 

to increase so that both types of signals appear 

as negative pulses in the common plate circuit 

of V601 and V602. 

d. The operation of ppi video-marker mixer 

V602 is similar to V601, except there is more 

resistance in the cathode circuit (R615 and 

R1617) and the screen dropping resistor is 

smaller (100K) so that the screen grid is oper- 

ated at +180 volts. These differences are nec- 

essary because of the wide range of amplitudes 

of the ppi video pulses. The stage is operated 

to give higher amplification to the weak video 

targets and at the same time limit the ampli- 

tude of the strong video signals and the range 
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markers by having the tops of the strong sig- 

nals drive the tube into the nonlinear operat- 

ing region. This prevents excessively large 

negative pulses from appearing in the plate 

circuit and therefore the cathode circuit of the 
ppi scope where they could cause burns in the 

screen of the ppi scope. 

e. Positive video pulses are coupled from 

the ppi gain potentiometer in the cathode cir- 

cuit of V612A by C607 and developed across 

grid resistor R614. The positive going video 

pulses cause pulses of increased plate current 

across the common plate load resistors (R616 

and R617) so that ppi video also appears in 

the composite video signal as negative pulses. 

f. The fourth type of information included 

in the composite video signal at the plates of 

V601 and V602 is the fixed range markers that 

are displayed on the ppi scope. Whether range 

markers are displayed or not and whether 5- 

mile or 25-mile range markers or both are dis- 

played depends upon the position of RANGE 

MARKS MILES switch S608 and the D and E 

wafer sections of PPI RANGE SELECTOR 
switch S606. 

g. In the OFF position of S608, the A sec- 

tion of S608 prevents any fixed range markers 

from being generated (fig. 63). In the ON po- 

sition of S608, 5-mile markers are displayed 

on the ppi scope when S606 is in the 20 or 40 

position. Negative 5-mile markers are cou- 

pled from the plate circuit of the 5-mile block- 

ing oscillator by C634. They are developed 

across a portion of 5-10 MILE MARKER INT 

potentiometer R1617 which is in the cathode 

circuit of V602. The position of the wiper 
arm of R1617 determines the amplitude of the 

negative 5-mile marker pulses that appear at 

the cathode of V602 and therefore the ampli- 

tude of the negative 5-mile marker pulses that 

appear in the composite video signal. Isolat- 

ing resistor R1616 prevents loading of V617A 

when the wiper arm of R1617 is placed close 

to ground. With the switch conditions de- 

scribed, the 25-mile markers are grounded 
through the E wafer section of S608. 

h. With S608 in the ON position and S606 

in the 80 or 160 position, 25-mile markers are 

applied to V602 the same as the 5-mile markers 

are applied in the 20 and 40 positions. In this 

case, the 5-mile markers are grounded by the 

E wafer section of S606 so that the load on 
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Figure 75. Ppi video mixers, simplified schematic diagram. 

5-mile blocking oscillator V617A is not changed 

radically. 

1. With S608 in the TEST position, both 5- 
and 25-mile markers appear in the ppi com- 

posite video signal when S606 is in the 80 or 
160 position. In this case, R1633 is added in 

the cathode circuit of V602 to compensate for 

R1617 and R1629 being in parallel. The added 

resistance in the cathode circuit prevents a 

change in the amount of cathode bias developed 

and therefore prevents the operating point of 

the tube from changing too much. 

137. A Video-Marker Mixer 
(fig. 76) 

A video-marker mixer V619 is a medium 
p» twin triode which is used to mix the A 

video pulses and the fixed range markers be- 

fore they are amplified and applied to the A- 

scope. 

a. Both amplifier sections of V619 normally 
conduct. Both grids are operated at ground 

potential and approximately 9 volts cathode 
bias is developed across common cathode re- 

sistor R1638. A video-marker mixer V619 

combines the inputs to the grid circuits into a 

composite video signal. Mixing takes place 

across common plate load resistor R1636. The 

gain of each tube section is approximately two 

because of the relatively small plate load and 

the relatively large unbypassed cathode resis- 

tor. 

b. Positive video pulses are coupled from 

the gain potentiometer in the cathode circuit 

of V612A by coupling capacitor C639 and de- 

veloped across grid resistor R1635. The posi- 

tive video pulses are applied to the pin 2 grid, 

and positive fixed range markers are applied 

to the pin 7 grid, so that both appear as nega- 

tive pulses in the plate circuit. Whether range 
markers appear in the composite signal or not, 

and whether the markers are 5 or 25 markers 

or both, depends upon the position of RANGE 

MARKS MILES switch S608 and the E and F - 

wafer sections of A RANGE SELECTOR 

switch S609. 

c. In the OFF position of S608, the A sec- 

tion of S608 (fig. 63) prevents any fixed range 

markers from being generated. In the ON 

position of S608, 5-mile markers are displayed 
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on the A-scope when S609 is in the 20, 40, or 

EXP position. The 5-mile markers are applied 

from the cathode circuit of the 5-mile blocking 

oscillator through isolating resistor R1620 and 

the E section of S609. They are developed 

across grid resistor R1637 and appear in the 

composite video signal as negative pulses. 

d. In the ON position of S608, 25-mile mark- 

ers are displayed on the A-scope when S609 

is in the 80 or 160 position. Positive 25-mile 

markers are applied from the cathode circuit 

of the 25-mile blocking oscillator through iso- 

lating resistor R1628 and the E section of 

S609. They are developed across R1637 and 

appear in the composite video signal as nega- 

tive pulses. 

e. In the TEST position of S608, both 5- and 

25-mile markers are displayed on the A-scope 

when S609 is in the 80 or 160 position. In this 

case, R1634 (15K) forms a voltage divider 

with R1637 (10K) so that the amplitude of the 

5-mile markers is reduced. This is done so 

that the 25-mile markers stand out as larger 

amplitude markers on the A-scope. Negative 

video and range markers are applied from the 

common plates of V619 to A video amplifier 

V612B. 

138. A-Video Amplifier and Clamper 
(fig. 77) 

A-video amplifier V612B amplifies the com- 

posite A video that is applied from the A video- 

marker mixer and also operates as a cutoff 

limiter which establishes the maximum ampli- 

tude of strong targets on the A-scope. A-video 
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A video-marker mixer, simplified schematic diagram. 

clamper V620A clamps the input negative video 

all negative with respect to ground to insure 

that weak targets which follow strong ones 

receive proper amplification. 

a. The normal flow of plate current through 

V612B (10 ma) develops 5 volts bias across 
cathode resistor R1641 so that the tube is oper- 

ated in its linear region. Cathode bypass ca- 

pacitor C641 is large enough to bypass narrow 

video pulses but small enough (1,000 ppf) so 

that desirable degeneration takes place when 

long duration pulses are applied. The normal 

flow of plate current to +300 volts also causes 

a voltage drop of 50 volts across decoupling 

resistors R1642, R1643, and R1646 (5K total) 

so that decoupling capacitor C642 (2 pf) is 

normally charged to +250 volts. Since the 

voltage across C642 is effectively B+ for the 

stage, the dynamic transfer curve for the stage 

is such that cutoff is —15 volts. The normal 

flow of plate current through plate load resis- 

tors R1644 and R1645 (6K total) causes a 

voltage drop of approximately 60 volts so that 

the plate potential is normally 190 volts. With 

these static conditions, the maximum positive 

swing that can take place at the plate of V612B 

is 60 volts. This is when large amplitude 

negative video pulses and range markers drive 

the stage into cutoff. 

b. The negative composite video signal is 

coupled from V619 by C640 and developed 

across grid resistor R1640. The positive com- . 

posite video signal developed at the plate of 

V612B is applied directly to the vertical upper 

deflection plate of A-scope V625. There the 
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individual target video pulses and range mark- 

er pulses appear as sharp positive pulses above 

the time base on the A-scope screen. 

c. A-video clamper V620A has no effect on 

circuit operation while the input video signal 

swings negative. The negative swing in volt- 

age that causes C640 to discharge through 

R1640 in order to develop the pulse at the grid 

of V612B causes V620A to cut off. An indi- 

vidual pulse of 2 microseconds duration does 

not cause C640 to discharge very much because 

of its large size (.1 pf). However, when 

pulses of longer duration are applied, C640 

may have time to discharge enough so that its 

Section IX. 

139. General 
(fig. 224) 

The indicator high-voltage power supply 

provides high-voltage potentials to operate the 

cathode ray tubes. Minus 1,500 volts is ap- 

plied to the voltage divider that furnishes nor- 

mal operating potentials for the grid, filament, 

cathode, and first anode of the A-scope. Plus 

700 volts is applied to the first anode of the 
ppi scope, +1,500 volts is applied to the aqua- 

dag of the A-scope, and +5,000 volts is ap- 

plied to the aquadag of the ppi scope. 

VIDEO 
TO 

A-SCOPE 

AMPLIFIER 

V6I2B 
(1) 12AuU7 
2 

= TMII67 -35-39 

A-video amplifier and clamper, simplified schematic diagram. 

recharge at the end of the pulse becomes a 

problem. When the negative pulse ends, 

V620A conducts and provides C640 with a fast 

time constant recharge path. This is neces- 

sary so that the recharge current of C640 does 

not drive the grid positive with respect to 

ground. If V620A were not in the circuit or 

if it were to become defective, a long pulse 

could cause the grid of V612B to go positive 

for a period of time while C640 recharges. 

During this time, a weak negative pulse could 

not be developed at the grid of V612B and 

therefore would not be observed on the A- 

scope. 

INDICATOR HIGH-VOLTAGE POWER SUPPLY 

a. Power is applied to the primary of high- 

voltage transformer T604 through terminals 

26 and 27 of J601. Indicator lamp I 610 lights 

when primary power is applied to the indi- 

cator high-voltage power supply to indicate 

that high voltage may be present in the indi- 

cator. Resistor R2620 (180K) is placed in 

series with I 610 to obtain long life operation 

of the glow lamp, because it requires only 65 

volts ac to ionize. 

b. For power to be applied to T604, three 

interlocks (or their interlock defeats) must be 
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closed. These interlocks are $603 in the indi- 

cator, S504A in the receiver-transmitter, and 

S402 in the power supply (fig. 229, sheet 1). 

140. High-Voltage Rectifier V626 
(fig. 78) 

The indicator high-voltage power supply con- 

sists of half-wave rectifier V626 and filter and 

voltage divider networks to provide high volt- 
age dc potentials to the A-scope and ppi scope. 

Since the load on the power supply is the small 

beam currents through the cathode ray tubes 

and the high resistance voltage divider in the 

cathode circuit of the A-scope and the input ac 

frequency is 400 cycles, the power supply is a 

simple half-wave rectifier with small filter ca- 

pacitors. 

a. During the circled conditions, the plate of 

the rectifier tube is negative with respect to the 

cathode so that the tube cannot conduct. Dur- 

ing the uncircled conditions, V626 conducts 

and C665 and C666 charge to the peak voltage 

across the plate winding of T604 through V626 

and R2615. At the same time, C667 charges 

\ 
1 

I-® |i 
lI5V 400% 
FROM E602 

2 \|t 
+O]I 

| 

\ 
HIGH-VOLTAGE .O5UF 

\ @ RECTIFIER 

“y V626 

—1,500V 
TO VOLTAGE DIVIDER 

through filter resistor R2616, and capacitor 

C668 charges through R2616 and R2624. Re- 
sistor R2615 protects V626 from the initial 

charge current through C665 and C666 and 
does not affect circuit operation after the first 

few uncircled positive sine wave alternations. 

Since the load on all potentials is very small, 

V626 only conducts when the uncircled voltage 

across T604 exceeds the voltage across C666 

and C665. These pulses of current through 

V626 replenish the small charge lost by the 

filter capacitors each cycle while V626 is cut 

off. Capacitor C666 furnishes the —1,500 volt 

load current, C665 furnishes the +700- and 

+1,500-volt load current, and C667 and C668 

furnish the +5,000-volt load current. 

b. Voltage divider R2603 through R2614, in 
parallel with the potential across C665, estab- 
lishes the necessary +700- and +1,500-volt po- 

tentials. The voltage across R2603 provides 

a low potential means of checking all of the 
high-voltage potentials supplied by the power 

supply. If the voltage at TP612 is approxi- 

mately +300 volts, the high-voltage power sup- 

ply is operating properly. 

R2616 

3.3 MEG 

R2624 

3.3 MEG +5,000V 
TO AQUADAG 
OF PPI SCOPE 

C667 C668 
.O5UF ihe GRSOPRF 

+ 1,500V 

TO AQUADAG 
R2607 THRU OF A-SCOPE 
R2614 

(SERIES) 

680K (8 EA) 

R2606 
680K 

R2605 

470K + 700V 
TO IST ANODE 

OF PPI SCOPE 

TP6l2 

+300V 

WHICH SUPPLIES 2 

CONTROL GRID, CATHODE 

AND IST ANODE OF A-SCOPE TMII67-35-40 

Figure 78. Indicator high-voltage power supply, simplified schematic diagram. 

Section X. MISCELLANEOUS CIRCUITS 

141. General 
(fig. 224) 

a. All controls necessary to operate the 

equipment are located on Azimuth-Range Indi- 

cator IP-141/TPS-1D unit. Many components 
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located physically on the indicator unit are 

functionally part of other systems and are 

therefore described in the chapters covering 

the system. For example, POWER ON switch 

S602 is part of the power distribution system 



and TUNING METER M601 is part of the 
receiving system. 

b. A tabulation of the component parts lo- 

cated on the indicator unit but which are func- 

tionally part of a system other than the indi- 
cating system follows: 

Symbol Trouble- 
reference System Theory | shooting 

designation chapter | chapter 

J602 Antenna positioning _________ 7 17 

M601 PROC ELVIN Ue este ee Pn 4 14 

R608 RROCCIVING oe ss Pee he 4 14 

R609 Antenna positioning. -______- 7 ily 

R2618 | Signal comparing.__________- 5 15 

R2619 | Antenna positioning_-—-_______ 7 17 

R2627 | Signal comparing___________- 5 15 
S601 Signal comparing___________- 5 15 
$602 Power distribution___________ 8 11 

$612 Antenna positioning_--._____ vy 17 

$613 ReCeIVINE fa See 8 Soe, 2 4 14 

$615 ERranismitting 32 cu le 2 oe ee 2 12 

S616 EBransmitting sen Bae | 2 12 

$617 Antenna positioning __-_____- 7 17 

$618 Antenna positioning. -______- a 17 

142. Miscellaneous Components 
(fig. 224) 

Some component parts affect the operation of 

the indicating system as a whole rather than 

the individual subsystems described in the pre- 

ceding sections. 

a. Convenience servicing outlet J603 pro- 

vides 115-volt, 400-cycle power for auxiliary 

equipment, such as a vacuum tube voltmeter 

or soldering iron, regardless of the position of 

main power switch S602. 

b. When the main power switch is thrown 

on, power is applied to the primary of filament 

transformer T605. The 3—4 secondary wind- 

ing furnishes 6.3-volt ac filament voltage to all 

tubes in the indicating system except V609, 

V625, and V626. Filament voltage for the 

cathode ray tubes is applied from separate 

secondary windings of T605 and filament volt- 

age for the high-voltage rectifier is supplied 

by a filament winding on high-voltage trans- 

former T604. In addition to supplying fila- 

ment voltage to 23 tubes in the indicating sys- 

tem, the 3—4 winding of T605 also furnishes 
power for POWER ON indicator lights I 609 

and I 601 through I 608 in series with DIM- 

MER potentiometer R2617. The eight illumi- 

nating lights are placed every 45° around the 

ppi scope so that they illuminate the azimuth 

scale. The amount of illumination is controlled 

by R2617. 

c. The internal temperature of the indicator 

unit is kept between 25° C. (77° F.) and 

0° C. (82° F.) by blower motor B601 and 

heater HR601. When the internal tempera- 

ture reaches 25° C., high temperature thermo- 

stat S610 closes and power is applied through 

terminals 28 and 27 of J601 to the windings 

of blower motor B601. Capacitor C664 (1 pf) 

is not a part of the motor assembly but it is 

necessary to operate the motor. Blower motor 

B601 is a two-phase induction motor which is 

operated from a single-phase supply. Capac- 

itor C664 is a phase-splitting capacitor which 

is placed in series with one of the stator coils 

to make the current through the two stator 

coils 90° because the fields about the stators 

of a two-phase motor must be approximately 

90° out of phase. A fan on the rotor shaft 

circulates air through the unit. When the 

internal temperature drops to 10° C., S610 

opens and power is removed from the motor. 

d. When the internal temperature of the in- 
dicator unit drops to 0° C., low temperature 

thermostat S611 closes and power is applied 

through terminals 19 and 11 of J601 to strip 

space heater HR601. The 150-watt heater in- 

creases the internal temperature of the indi- 

cator unit until it reaches 15° C. At this time, 

S611 opens and power is removed from the 

heater. 

e. Electrical noise suppressors Z602 through 

Z606 are ppi-type filters which prevent high- 

frequency random noise variations from being 

carried into the indicator unit from the inter- 

connections of the power supply. 

f. Capacitors C601 and C602 provide addi- 

tional filtering of the +800- and +450-volt po- 

tentials which enter terminals 39 and 30 on 

J601. 
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CHAPTER 7 

ANTENNA POSITIONING SYSTEM 

Section I. 

143. General 

a. The primary purpose of the antenna posi- 

tioning system is to drive the antenna in azi- 

muth only, through 360° rotation. The an- 

tenna can rotate either in a clockwise (cw) 

or counterclockwise (ccw) direction and the 

speed of rotation is adjustable between 0 and 

15 rpm. 

b. The antenna positioning system consists 

of the following major assemblies: 

(1) Antenna rotate control mechanism. 

(2) Servo amplifier chassis. 

(3) Antenna drive assembly. 

c. All of the components in the antenna posi- 

tioning system are located in Antenna Base 

AB-221/TPS-1D with the exception of the 

antenna rotate control mechanism which is lo- 

cated in Azimuth-Range Indicator IP-141 

TPS-1D. 

d. The overall circuit relationship of the an- 

tenna positioning system is shown in the 

antenna positioning system composite schema- 

tic diagram (fig. 227). 

e. The relationship of the antenna position- 

ing system with reference to other functional 

systems of the radar set is covered in TM 11- 

1167-2D. 

144. Antenna Positioning System Block 
Diagram Discussion 

(fig. 79) 

The antenna positioning system is an open 

loop servo system which functions to rotate 

the antenna. Feedback in the servo amplifier 

is used to maintain the antenna rotating at a 

constant rate of speed as dictated by the set- 

ting of ANTENNA ROTATE control R609. 

Both voltage and current feedback are used 

for rotation speed stability. 

a. ANTENNA ROTATE Control Circuit. 

ANTENNA ROTATE control R609 is located 
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GENERAL 

at the indicator so that the operator may ob- 
serve the indicator scopes while controlling the 

speed and direction of antenna rotation. When 

adjusted for either direction of antenna rota- 

tion, it controls the value of bias applied to 

control tube V703A in the servo amplifier, 

which in turn affects the speed of antenna 

drive motor B751. It also causes motor con- 

trol relays K701 and K702 in the servo ampli- 

fier to function and allow the antenna drive 

motor to turn in the desired direction. 

b. Servo Amplifier Chassis. All of the com- 

ponents that supply power to operate antenna 

drive motor B751 are located in the servo 

amplifier chassis. Bridge rectifier CR701 sup- 

plies the antenna drive motor with a constant 

source of field current. Control rectifiers 

V701 and V702 supply current for the arma- 

ture of B751 through relays K701 and K702. 

The direction of rotation of B751 is controlled 

by the action of K701 and dynamic braking is 

accomplished by K702. The amount of arma- 

ture current supplied by the control rectifiers 

is determined by the value of bias developed 

by the combined action of the RC integrator 

networks, discharge diode V705A, transformer 

T701, and control tube V703A. Plate supply 

voltage for V701 and V702 is provided by 

transformer T704 through T7038. Transformer 

T703 samples the average plate current of 

V701 and V702 and applies it to full-wave 

rectifier V704. Full-wave rectifier V704 pro- 

vides two outputs. A sample of the rectified 

current combines with a sample of the output 

voltage of V701 and V702 and the resultant 

is fed back to control tube V703A to provide 

speed stability of antenna drive motor B751. 

The other output of V704 is applied to tem- 

porary overload V703B, which functions when 

an overload condition exists, to override the 

effect of control tube V703A, causing the an- 

tenna motor armature supply current to be 
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reduced momentarily. If the output of V704 
is excessive for a sustained time interval, sus- 

tained overload V706 functions to disable the 

effect of control tube V703A and causes the 

antenna drive motor armature to stop rotating. 

c. Antenna Drive Assembly. A _ constant 

field supply current that is obtained from 

bridge rectifier CR701 is applied to antenna 

drive motor B751. The armature current 

which is variable in amplitude and polarity 

Section Il. 

145. ANTENNA ROTATE Control Mechanism 
(figs. 80 and 82) 

ANTENNA ROTATE control R609 is a po- 

tentiometer with the center tap grounded. 

Both ends are connected together and return 

through R2619 to +150 volts. The control 

shaft of R609 is mechanically connected to 

cams O 1601 and O 1606 which operate 

switches S617 and S618. When R609 is in 

the center position, braking cam O 1601 closes 

microswitch S617 and causes braking relay 

K702 to become energized; this disconnects the 

armature of the antenna drive motor from the 

control rectifiers. Moving the arm of R609 

in either direction away from center (by rotat- 

ing the hand wheel) causes S617 to open, de- 

energizes K702, and applies power to the arma- 

ture of the antenna drive motor. Reversing 

cam O 1606 opens microswitch S618 for clock- 

is provided by control rectifiers V701 and V702 

through motor control relays K701 and K702. 

Antenna motor B751 drives the antenna 

through a gear reduction of 119:1. Two syn- 

chro transmitters (B752 and B753) are driven 

by B751 through gear reduction. Antenna po- 
sition information is provided by B752 to the 

indicator for ppi operation. The other synchro, 

B753, provides similar information to a re- 

mote ppi installation. 

SERVO AMPLIFIER 

wise rotation and closes it for counterclock- 

wise rotation of the antenna by deenergizing 

and energizing K701 which reverses the arma- 

ture connection of the antenna drive motor. 

When the arm of R609 is moved in either direc- 

tion away from center position, a positive volt- 

age from zero to a maximum of +150 volts 

may be selected for application to the cathode 

of control tube V703A as bias voltage. Ad- 

justment of R2619 sets the maximum limits 

of bias voltage that may be selected by R609. 

146. Bridge Rectifier CR701 and Protective 
Circuits 

(fig. 81) 

a. Bridge rectifier CR701 is a bridge con- 

nected full-wave rectifier. It is of the sele- 

nium type and converts the 115 volts, 400 

cycles into approximately 95 volts dc. Its 

SERVO AMPLIFIER 
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Figure 80. Antenna rotate control, simplified schematic diagram. 
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main purpose is to provide a constant source 

of current for the field winding of antenna 

drive motor B751. 

b. Thermostatic switch S754 is normally 

closed, and opens when the temperature drops 

below —34° C. It is in series with the 115 

volts, 400 cycles which supplies power through 

T704 and T703 to the control rectifier plates. 

If the temperature in the antenna base drops 

below —34° C., S754 opens and disables the 

power applied to the control rectifiers. Ex- 

treme freezing temperatures can cause the oil 

in the antenna drive assembly to become slug- 

gish and stiff, placing an overload on the an- 

tenna drive motor that may cause severe 

damage to the components. 

c. Part of safety switch S753 and interlock 

S701 are in series with the ac power applied 

to the control rectifiers. Personnel working 

on the antenna can disable the antenna drive 

motor by switching S753 to the OFF position. 

Interlock S701 disables the antenna drive motor 
by disconnecting the ac power when the servo 

amplifier chassis is removed. 

BRIDGE 
RECTIFIER 
GR7Ol 

2 
THERMOSTATIG 
SWITCH 
$754 

ANTENA 
IV 

ARMATURE SUPPLY lt 

CONTROL 
THROUGH MOTOR (saw) orale 
RELAYS K7OI 
AND K702 

+27V DELAYED 

5-MIN 

PART OF 

d. Protective relay K703 and the field wind- 

ings of B751 are energized by CR701. If the 

de supply source drops to less than 70 volts, 

K703 deenergizes and disables the power sup- 

plied to B751 armature. Failure of the field 

supply source eliminates the counter electro- 

motive force (cemf) generated by the arma- 

ture. This could cause the armature current 

of B751 to exceed rated values which in turn 

would cause serious damage to the motor since 

the armature current would be limited only 

by the de resistance of the armature. 

e. Plate voltage relay K705 is energized by 

the +27-volt supply that is delayed through 

the 5-minute time-delay relay. Its function 

insures that the tubes in the servo amplifier 

have been adequately warmed up before being 

placed into service. When energized, K705 

completes the input circuit which applies ac 

power to T704 and subsequently to the control 

rectifiers. 

f. Capacitors C716 and C717 function to sup- 

press noise generated by control rectifiers V701 

and V702. 
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Figure 81. Bridge rectifier CR701 and protection circuits, simplified schematic diagram. 
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g. Transformer T704 provides ac power to 

the plates of control rectifiers V701 and V702 

through T703. The voltage supplied to the 

plates of V701 and V702 is approximately 300 

volts, 400 cycles when measured from either 

plate to ground. 

147. Control Rectifiers and Motor Control 

Relays 
(fig. 82) 

a. Control rectifiers V701 and V702 function 

as a controlled output full-wave rectifier power 

supply which has the armature of antenna 

drive motor B751 serving as the load. Power 

is applied through transformer T704 and T703 

resulting in a peak plate voltage approximately 

425 volts. The bias control voltage applied to 

the grids of V701 and V702 determines wheth- 

er they will be cut off or conducting. The bias 

control voltage also determines the amount of 

average current through the armature of 

B751 and therefore the motor speed. Capac- 

itors C713, C714, and C715 function as noise 

suppressors for the plate and cathode circuits 

of V701 and V702. When V701 and V702 

start conducting, the voltage across the tubes 

drops to about 12 volts. Current limiting re- 

sistors R727 and R728 prevent the starting 

surge current from reaching excessive values. 
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Figure 82. Control rectifiers V701, V702 and motor control relays K701, K702, simplified schematic diagram. 
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Capacitors C709 and C710 function as filter 

capacitors to filter the 800-cycle ripple fre- 

quency. 

b. Reversing relay K701 functions as a 

double-pole, double-throw switch and deter- 

mines the direction of current flow through the 

armature of B751. It is energized by the ac- 

tion of reversing cam O 1606 which is located 

in the indicator and mechanically connected 

to the shaft of ANTENNA ROTATE control 

R609. 

_¢. Braking relay K702A (voltage coil) func- 

tions to disconnect the antenna drive motor 

armature from the control rectifiers, only when 

ANTENNA ROTATE control R609 is in the 

zero position. At this time, braking cam 

O 1601 closes S617 which energizes K702A 
(voltage coil). Contacts 2 and 7 open, discon- 

necting the armature from the control recti- 

fiers. Contacts 1 and 7 close, connecting 

K702B (holding coil) and R719 across the 

armature to function as a dynamic brake. If 

the armature current were reversed while the 

antenna drive motor was still rotating, the 

torque developed could cause serious damage 

to the antenna drive components. The dynamic 

braking action caused by the shunt connection 

of K702B and R719 prevents this by providing 

a conducting path for the current generated 

% 

; 
t 
: 

| 



by the counter electromotive force of the rotat- 
ing armature. The current in turn produces 

a magnetic flux about the armature which op- 

poses the field flux and forces the motor to 
slow down. The faster the armature rotation, 

the greater will be the force generated to slow 

it down. The current passing through K702B 

holds relay contacts 1 and 7 closed until the 

motor slows down. When the armature speed 

decreases to a safe value, the current drops 

sufficiently to allow the holding coil to release. 

If the ANTENNA ROTATE control passes the 

zero position and is reset for rotation in the 

opposite direction while the antenna is still 

rotating, the armature would not be connected 

to the control rectifiers again until the antenna 

is almost at a standstill so that the power could 

be safely applied. Resistor R719 limits the 

current and determines the amount of dynamic 

braking action. 

148. Control Rectifier Bias Supply Network 
(figs. 88 and 227) 

The average current supplied to the antenna 

drive motor by the control rectifiers is prima- 

rily determined by the dc bias level applied 

to the grids of V701 and V702. The bias volt- 

age is generated by the action of control tube 

V708A functioning as a variable resistance 

rectifier and discharge diode V705A which pro- 

vides a constant rate discharge path of the RC 

bias network. 

R70 
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CONTROL TUBE 
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A. CHARGING OF BIAS NETWORK 

Figure 83. 

TAGE 
CW 2 FEED-BACK ADJ 

a. Charging the Bias Network. Transfor- 

mer T701 supplies approximately 225 volts, 

400 cycles to the network. When terminal 4 

of T701 is positive, V703A conducts charging 

capacitor C701. The charging path starting 

from the most negative point-is from terminal 

3 of T701, through R701, C701, R705, R706, 

R707, R708, R709, R710, R609, V703A. to ter- 
minal 4 of T701. Capacitor C701 charges with 

the polarity negative at the junction of R701 

and C701. The charge on C701 provides the 

bias for V701. The dc voltage across C701 is 

effectively in parallel with C702 and after 

several cycles, the charge on both capacitors 

adjusts to an almost equal value with the 
charge on C702 providing the bias for V702. 

When ANTENNA ROTATE control R609 is 

adjusted in either direction away from the 

grounded center position, a positive voltage is 

applied to the cathode of V703A which in- 

creases the bias. An increase in bias causes 

the plate resistance to increase and when 

V703A conducts to permit charging C701 and 

C702, its conductance is less allowing less 

charge to accumulate which results in less bias 

for V701 and V702. When R609 is in the 

center position, a minimum bias is applied to 

V703A which reduces its plate resistance and 

causes a maximum bias to be generated and 

applied to V701 and V702. 

b. Discharging the Bias Network. Discharge 

diodes V705A, R720, and thyratron bias control 

R721 serve as the discharge path for C701 and 
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Control tube V703A and discharge diode V705A, simplified schematic diagram. 
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C702. Since the average charge across C701 

and C702 must be able to drop rapidly ‘to a 

lower value when V703A conducts less, a dis- 

charge path is provided for the capacitors. 

The discharging time constant is made adjust- 

able by setting thyratron bias control R721. 

The average bias is established by adjusting 

BIAS LEVELS SSeS n = 

R701 R703 

115V 
400 CPS 

R721 so that V701 and V702 are just cutoff 

when R609 is in the center position. When 

R609 is moved in either direction away from 

center, the circuit functions to cause a reduc- 

tion of the bias to V701 and V702 so that they 

start conducting. Moving R609 further away 

from center position causes V701 and V702 to 
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Figure 84. RC integrator network, simplified schematic diagram. 
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increase conduction and supply a greater value 
of average current to the armature of B751. 

149. Control Rectifier Ignition Voltage 
Control Network 

(figs. 84 and 85) 

When the control rectifiers start conducting, 

they go into a state of full conduction almost 

immediately. It is therefore undesirable to 

operate them with dc applied to the plates. 

Transformer T704 supplies approximately 300 

volts at 400 cycles to the plates of the control 

rectifiers which causes them to conduct alter- 

nately in push-pull. The control grids have 

applied to them a bias voltage upon which is 

superimposed a 400-cycle voltage provided by 

transformer T701. The 400-cycle grid voltage 

is shifted in phase approximately 80°. Only 

when the grid voltage reaches the ignition 

potential will the tube conduct. Varying the 

bias voltage will cause the tube to conduct over 

varied portions of an alternation and therefore 
the amount of current supplied to the antenna 

motor is controlled and variable. 

a. RC Integrator Network. Transformer 

T701 provides the input power to generate the 

charge on capacitors C701 and C702. The 400- 

cycle voltage is also phase shifted by R701 and 

C701, lagging the applied voltage approxi- 

mately 80°. Resistors R702 and C702 have a 

similar function. When the control rectifiers 

go into conduction, noise pulses generated are 

attenuated by filter networks R703, C703, and 
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GRID 
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Figure 85. 

THYRATRONS START 

R704, C704. The relationship of phase shifted 

grid voltage waveforms and the corresponding 

plate voltages applied are shown in the sim- 

plified schematic diagram (fig. 85). 

b. Control Rectifier Ignition Voltage. Thy- 

ratron type control rectifiers V701 and V702 

must ionize before heavy conduction can take 

place. The applied bias voltage prevents the 
400-cycle plate voltage from causing ionization. 
The grid voltage has control over the ionizing 

potential only. Deionization requires that the 

ac plate voltage drop to the extinction poten- 

tial of the tube. The 400-cycle voltage at the 

grids can be raised or lowered by adjusting the 

bias voltage. When the antenna is stationary, 

the bias level extends into the negative region 

to a value that prevents the 400-cycle voltage 

peaks from reaching the ignition potential. 

Reducing the bias will allow the 400-cycle grid 

voltage to trigger the control rectifier which 

will conduct heavily until the plate supply volt- 

age drops to the de-ionization voltage level. 

Further reducing the bias voltage will cause 
the 400-cycle grid voltage to trigger sooner 

and the tube will conduct over a greater period 

during the alternation. Since the control recti- 

fiers are connected so that they may conduct 

during opposite half cycles, the output current 

has an 800-cycle ripple frequency which is 

smoothed by filtering and an average value of 

dc is applied to the motor armature. The value 

of average current is proportional to the per- 

centage conduction of the control rectifiers 

during each alternation. 

TMII67-35-118 

Control rectifier ignition voltage. 
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150. Voltage and Current Feedback 
(fig. 86) 

The bias applied to V703A controls the value 

of plate resistance which in turn determines 

the amount of charge on C701 and C702 which 

in turn provides the bias for V701 and V702. 

Feedback is applied to V703A in the form of 

samples of the voltage and current of the arma- 

ture of B751. Use of feedback keeps the an- 

tenna rotating at a constant speed when vary- 

ing loads are applied. During rotation, gusts 

of wind will at times oppose or aid the antenna 

and thus change the load on the armature of 

B751. This will cause the cemf to vary and 

in turn affect the armature current. Counter 

electromotive force is proportional to the speed 

of rotation of the armature of B751. 

a. Voltage Feedback. The source of voltage 

feedback is the output voltage supplied by con- 

trol rectifiers V701 and V702 and applied to 

the armature of B751. The total armature 

voltage is divided by R705, R706, R707, R708, 

R709, and a part of R710. Voltage feedback 
adjustment R707 selects a proportional amount 

of the voltage across the armature which is 

applied to the grid of V703A. Capacitor C705 

serves to filter any abrupt variations of the 

voltage applied to the grid. The polarity of 

the voltage feedback is positive with reference 

to ground. 

b. Current Feedback. Transformer T704 is 

the source that supplies power to control rec- 

tifiers V701 and V702. Transformer T703 has 

two primary windings that are connected in 

series with T704 and the control rectifiers so 

that samples of the output current of V701 and 

V702 may be taken. When the control recti- 

fiers conduct, the samples which are propor- 

tional to the current supplied, are applied to 

full-wave rectifier V704. The center tapped 

secondary of T703 provides a negative output 

voltage which is filtered by C707. Current 

feedback adjustment R710 selects a portion of 

the voltage across R710 and applies it to the 

grid return of V703A. The positive output 

of V704 provides voltages for the overload 

circuits (par. 151). 

c. Operation. When the ANTENNA RO- 
TATE control is adjusted for antenna rotation, 

an increment of bias is applied to control tube 

V703A which causes an increase in its plate 

resistance. The bias on control rectifiers V701 

150 

and V702 decreases, causing them to conduct 

which in turn causes antenna drive motor B751 

to rotate. The voltage applied to the armature 

of B751 is also across the voltage divider net- 

works R705 through R710 and a portion is 

selected and applied to the control grid of 

V703A. The rotating speed of the armature 

generates a cemf, and the difference between 

the voltage applied to the armature and the 

cemf determines the value of armature current. 

The armature current which is conducted by 

V701 and V702 is sampled by the primary 

windings of T703 and rectified by full-wave 

rectifier V704. The resulting negative voltage 

is generated across R710 and a portion selected 

and applied as a part of the grid voltage to 

V703A. The armature attains a speed of rota- 
tion which causes the voltage feedback com- 

bined with the current feedback voltage to 

reach a balanced condition with the bias ini- 

tially applied by R609 to V703A. The bias 
network to V701 and V702 adjusts to a value 

which supplied the demand of B751 and the 
system stabilized to the operating conditions. 
Variations in antenna loading because of wind 

resistance cause automatic compensation by 

virtue of the current and voltage feedback to 

maintain a constant speed of rotation. 

(1) When a load is placed on the motor 

causing it to slow down, the cemf 

across the armature decreases. The 

potential difference between the ap- 

plied voltage and the cemf becomes 

greater and causes an increase in cur- 

rent. The increase in current causes 

the negative voltage across R710 to 

increase and the bias on V703A also 

increases. The bias network of V701 

and V702 charges less because of an 

increased plate resistance of V703A 

which results in less bias and in- 

creased conduction of V701 and V702. 

The increased current demand causes 

the applied voltage to drop slightly 

but the cemf drops a greater amount 

and results in increased armature cur- 

rent. When V701 and V702 conduct 

more, the applied voltage and the cur- 

rent through the armature increases. 

The action of the combined feedback 

voltages brings the motor back to 

proper speed. A balance is reached 
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Figure 86. 

between the voltage supplied by R609 

and the feedback voltages to V703A 

so that V701 and V702 will provide 

sufficient voltage and current as de- 

manded by the load. 

(2) When the loading is reduced, the 

motor speed tends to increase, causing 

the cemf to increase. The armature 

current decreases and the resulting 

voltage across R710 decreases. The 

grid of V703A becomes less negative 

which allows the bias network to 

charge to a higher value and reduce 

the conduction of V701 and V702. 

The output voltage and current of 

V701 and V702 decreases, resulting 

in a reduced speed of B751. The 

speed becomes adjusted to a value 

which causes the voltage and current 

feedback voltages to balance with the 

bias selected by R609 and applied to 

V7038A. 

d. Adjustment. The voltage feedback pro- 

vided by R707 is proportional to the voltage 

applied to the armature of B751. It is adjusted 

when the antenna is rotating at a high speed 

under no external load conditions until the 
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Voltage and current feedback, equivalent circuit. 

antenna rpm corresponds with the rpm indi- 

cator dial located on the indicator. The cur- 

rent feedback voltage across R710 is propor- 

tional to the current through B751. The 

voltage provided by R710 is regenerative and 

is adjusted with the antenna rotating at a slow 

speed. The proper adjustment is for maximum 

feedback without producing an oscillating con- 

dition as indicated by the pulsating of V701 

and V702. 

151. Overload Circuits 
(figs. 87 and 227) 

When an overload condition occurs which 

tends to slow down or stop antenna rotation, 

it may cause serious damage to the electrical 

components. Protective circuits are provided 

which function to reduce or completely cut off 

condition of V701 and V702. Temporary over- 

loads cause V703B to function while sustained 

overloads of 4 seconds or more will cause V706 

to function. 

a. Temporary Overload. Temporary over- 

load tube V703B is connected essentially in 

parallel with control tube V703A. When 

V703B is made to conduct, it parallels V703A 

and the charge on C701 and C702 increases, 
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raising the bias on V701 and V702. The in- 

creased bias will cause antenna drive motor 

B751 to slow down and limit the armature cur- 

rent peaks to 6 to 10 amperes. Temporary 

overloading causes the armature current of 

B751 to increase, which is sampled by T703 

and rectified by V704. The output voltage of 

V704 is filtered by C706 and appears across 

voltage dividers R725, R726, and R718. The 

voltage at the junction of R725 and R726 is 

coupled through isolating resistor R716 to the 

control grid of V703B. Clamper tube V705B 

in the grid circuit of V703B functions to hold 

the static grid voltage sufficiently positive with 

reference to ground so that the output voltage 

provided by V704 will not cause V703B to 

conduct unless the overload condition exists. 

The conducting path for V705B is from ground 

through R718, R726, R716, V705B, R713, R714, 

R712, R711 to +150 volts. The potential dif- 

ference between the plate and cathode of V705B 

is about 14 volt. The cathode of V703B is 

maintained at a more positive potential than 

the control grid because of the connection to 

the voltage divider which includes R711 

through R715. The resulting bias on V703B 

is approximately 9 volts which holds the tube 

normally below cutoff. Cutoff for V703B is 

about —3 volts between grid and cathode. 

When an overload causes the voltage applied 

to the grid to rise above its static value, V705B 

stops conducting and the grid voltage rises 

approaching the cutoff value of the tube (—3 

volts). As the positive going grid voltage rises 

above cutoff, V703B conducts and the bias on 

V701 and V702 increases because of the in- 

creased charge of C701 and C702 through 

V703B. The armature current of B751 is re- 
duced by the decreased conduction of V701 and 

V702, and the output voltage of V704 decreases 

which will result in V703B to stop conducting. 

b. Sustained Overload. A sustained over- 

load on the antenna which results in excessive 

armature current will cause sustained overload 

tube V706 to conduct. Tube V706 is of the tet- 

rode thyratron type gas tube. The cathode po- 

tential is selected by the setting of overload ad- 

just potentiometer R717 which is part of the 

voltage divider including R722 and R723. An 

approximate voltage setting is 80 volts. The 

control grid returns to the output of full-wave 

rectifiers V704 through R724 and from grid to 
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ground through C712. The time constant of 

R724 and C712 is 3 seconds which will require 

an overloading condition to be sustained for sev- 

eral seconds in order that V706 is made to con- 

duct. The plate of V706 is connected to the 

plate of control tube V703A and when V706 con- 

ducts, it causes C701 and C702 to charge to a 

value which will cut off conduction of control 
rectifiers V701 and V702. When the armature 

current source is cut off, the antenna stops 

rotating and V706 continues to conduct at a 

400-cycle rate maintaining a high value of bias 

on V701 and V702 (approximately —48 volts). 
Conduction through V706 occurs during the 

positive extremes of the 400-cycle voltage ap- 

plied by T701. During the conducting interval 

of V706, the charge on C701 and C702 in- 

creases, with V706 conducting sufficiently to 

make up the voltage difference caused by the 

constant rate of discharge of C701 and C702 

through V705A. With the armature current 

at zero, there is no longer an output from V704 

and the voltage at TP702 drops to approxi- 

mately +4 volts. The charge on C712, however, 

must be maintained near +80 volts so that the 
grid to cathode potential of V706 allows ioniza- 

tion and to conduct during the positive peaks 

of the ac plate voltage. The charge on C172 is 

maintained near +80 volts by the control grid 

located in an area of ionized gas and at a po- 

tential level between the cathode and plate 

potentials. When the ac plate voltage reaches 
the deionization potential V706 cuts off and 

C712 discharges (at a 3-second time constant 

rate) a fractional amount. The discharging 
time interval is approximately 2,000 micro- 

seconds and the amount of discharge so small 

that it is difficult to measure. It therefore re- 

quires very little additional recharging during — 

the conducting time of V706 to maintain the 
control grid at a potential that will allow V706 

to ionize easily when the plate voltage rises to 

the peak value of the applied ac voltage. To 

cause V706 to stop conducting completely, the 

ANTENNA ROTATE control is brought back 

to 0 rpm. When this is done, the bias on con- 

trol tube V703A decreases, causing the tube to 

conduct and additional charge builds up on 

C701 and C702. Since the ac voltage peaks 

which caused V706 to conduct are superimposed 

on the negative de voltage level, when C701 

and C702 accumulate additional charge, the ac 
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Figure 87. Overload circuits, simplified schematic diagram. 

voltage peaks no longer extend far enough into 

the positive region and V706 does not ionize. 

If V706 does not conduct, C712 discharges and 

Section Ill. 

152. Antenna Drive Motor B751 
(fig. 228) 

Antenna drive motor B751 is located in the 

antenna base which is a part of the antenna 

pedestal. The motor is a %» horsepower dc 

shunt-wound type with the field and armature 

separately excited. The field winding receives 

a constant source of de from rectifier CR701. 

The armature is connected as the load for con- 

trol rectifiers V701 and V702. The antenna 

speed is determined by the amount of current 

supplied to the armature and the direction of 

rotation selected by the action of reversing 

relay K701. The antenna drive motor is me- 

chanically connected through gear reduction 

to the antenna spindle shaft and two trans- 

mitting synchros. One revolution of the an- 

tenna is produced by 119 revolutions of B751 

through the gear reduction. 

the control grid voltage drops to a value which 
will prevent ionization when the plate voltage 

rises. 

ANTENNA DRIVE ASSEMBLY 

153. Synchro Components 
(figs. 88 and 228) 

a. The two synchros in the antenna base 

unit are synchro transmitters B752 and B758. 

Remote synchro transmitter B753 functions as 

a 60-cycle synchro data transmitter and its 

-electrical data is used only with a remote ppi. 

It is mechanically connected with the antenna 

drive assembly and provides 1:1 antenna rota- 

tion data. Local synchro transmitter B752 

functions as a 400-cycle synchro data trans- 

mitter for local ppi information. One revolu- 

tion of the antenna causes 24 revolutions of the - 

rotor of B752. Local synchro receiver B602 

located in the indicator receives the data from 

B752, and drives the ppi yoke assembly at a 

24:1 ratio. The ppi yoke is synchronized with 

the antenna rotation. 

b. Torque receivers and transmitters (syn- 
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chros) are identical electrically. A synchro has 

three stator windings which are usually wye 

connected and placed physically 120° apart. 

The rotor is a single winding which functions 

as the primary of a transformer. Applied to 

the rotor of B752 is 115 volts, 400 cycles. The 

stator windings have induced into them a volt- 

age the polarity and amplitude of which is de- 

termined by the instantaneous position of the 

rotor. When the rotor of B752 is in the posi- 

tion as indicated in figure 88, the rotor induces 

voltages into the stator windings. The stator 

windings of B752 are connected in parallel with 

B602 and the same voltages appear across 

them. Since the rotor of B602 also connects 

to the same 115-volt, 400-cycle source, the 

magnetic fields generated across the stators of 
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B602 force the alinement of the rotor to be the 

same as in B752. Clockwise rotation of B752 

rotor as indicated in figure 88 shows the volt- 

ages induced in S2 and S83 with no voltage in- 

duced in S1 since the coupling between the rotor 

and S1 is minimum. The S1 and S2 windings 

of B602 are connected in parallel with S3 and 

S2, respectively, of B752, and generate a mag- 

netic field which causes the rotor to turn and 

aline itself with the same magnetic field con- 

figuration as was setup in B752. The rotor of 

B602 rotates in the opposite direction as that 

of B752. This is necessary because of the 

arrangement of the gear reduction in the an- 

tenna base and the yoke drive assembly so that 

the resulting rotation of the antenna and de- 

flection yoke are in the same direction. 
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Figure 88. Synchro equivalent circuit. 
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154. Synchro Self-Zeroing Circuit 
(figs. 89 and 227) 

a. The 24-speed synchros used to synchronize 
the rotation of the deflection yoke assembly 
with the antenna rotation have 24 possible 
locking points spaced 15° apart. To prevent 
B602 from locking to one of the 23 false points, 
a one-speed cam and switch zeroing circuit is 

used. The circuit includes synchro relay K704, 

two synchronizing switches, S612 (normally 

open) and S756 (normally closed), transmitter 
zero cam (part of B753), and receiver zero 

cam (part of the deflection yoke assembly). 

b. When B752 and B602 are properly alined, 

synchro relay K704 is never allowed to energize 

because synchronizing switches S756 and S612 
function to maintain an open circuit. If a con- 

dition occurs that would cause B602 to become 

misalined, S756 will be closed when S612 closes. 

This will cause K704 to energize and apply 

zeroing voltage to B602. The zeroing voltage 

is derived from the tapped primary winding of 

transformer T702. When K702 becomes ener- 

_gized, stator windings S1 and S3 of B602 are 
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connected together to one side of the applied 

zeroing voltage and S2 is connected to the 

other. The rotor of B602 stops rotating and 

remains alined with the stator field at the zero- 

ing reference position. The transmitter zero 

cam continues to rotate with antenna rotation 

and when S756 is open, K704 releases connect- 

ing the stators of B752 and B602 in parallel. 

The rotor of B602 will start rotating and re- 

main synchronized with the rotation of B752. 

Once during 24 revolutions of B752 and B602, 

the synchronizing switches S756 and S612 will 

simultaneously open and close to prevent K704 

from becoming energized. The actuating cam 

which opens S756 is approximately 12° wide 

and the cam which closes $612 is somewhat 

less than 12° wide to insure that K704 will not 

energize at an improper time. When the syn- 

chros are electrically alined, an adjustment can 

be made to aline the ppi sweep of the indicator 

to be in the same direction as the antenna by 

setting the AZIMUTH control which is located 

on the front panel of the indicator. 
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Figure 89. Synchro self-synchronizing circuit, simplified schematic diagram. 
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CHAPTER 8 

AC POWER DISTRIBUTION AND CONTROL SYSTEM 

Section I. 

155. General 

The ac power distribution and control system 

includes all circuits and parts that function to 

distribute and control the application of 115- 

volt, single-phase, 400-cycle, ac power to and 

within the component units of the entire equip- 

ment. The ac power distribution and control 

system is principally concerned with the distri- 

bution of power to parts which require 115 

volts directly, such as the primaries of trans- 

formers, heaters, blower motors, synchro- 

rotors, relays, and indicating lamps. It is also 

concerned with fuses, relays, and switches 

which affect the application of ac power to these 

component parts. 

a. Much of the distribution of power through 

the equipment is controlled by relays which are 

actuated by +27 volts de and for this reason 

the complete distribution of +27 volts de is 

included in the ac power distribution and con- 

trol system. 

b. The distribution of unregulated +450 

volts de and regulated +300, +150, and —150 

volts de is covered in the de power supplies 

system, paragraph 168. 

c. The power supply serves as a junction box 

for the radar sets. All power to the equipment 

is applied to the power supply and all power 

leaving the equipment is applied from the 

power supply. In addition, all ac and de power 

distribution between component units of the 

equipment is through interconnections within 

the power supply. All 115-volt, 400-cycle 

power supplied to the equipment from gasoline 
driven Power Unit PU-107/U (or a substitute 

source) is applied to J405 (POWER IN SYS- 

TEM) and J404 (POWER IN HEATERS): 

When a remote ppi is used with the equipment, 

115-volt, 60-cycle power is applied from the 

remote ppi through the interconnecting cable 

which connects to J412 (SYNCHRO DATA 

LOLREPT): 

d. Power to associated iff equipment may be 
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applied from J411 (IFF POWER). Power is 
available for other auxiliary equipment such as 

test equipment and soldering iron from con- 

venience outlets on the power supply, the in- 

dicator, and the antenna base. 

e. The following schematic diagrams are 

used in following the distribution of power 

through the equipment: 

(1) Figure 229, ac power distribution, 

schematic diagram. 

(2) Figure 230, heater power distribution, 

schematic diagram. 

(3) Figure 231,+27-volt de power dis- 

tribution, schematic diagram. 

156. Power Receptacles and Metering 
(fig. 229) 

When power is applied to J405 (Zone C1 on 
fig. 229) from the primary source of power, 

a limited amount of power is distributed re- 
gardless of whether or not main power con- 

tactor K402 (E4) is energized. Voltmeter 
M401 should indicate 115 volts and frequency 

meter M403 should indicate 400 cycles when 

power is applied from the primary source. 

Power is also applied to convenience servicing 

outlets J409, J603, and J754 through the 

normally closed contacts of K405 and fuse 

F416 (6.25 amp). This is done so that solder- 

ing and measurements requiring power to be re- ~ 

moved from the remainder of the equipment 

may be performed. 

a. Fuse F416 is a virtual short circuit 

around blown fuse indicator I 416; it prevents 

the lamp from glowing as long as the fuse is 

good. When the fuse burns out, the flow of 

current through the lamp causes it to glow to 

provide an indication that the fuse should be 

replaced. Blown fuse indicator socket XI 416 

contains a built-in 68K current limiting resistor 

because of the very low current rating of I 416 

(.0003 ampere). All of the fuses in the power 

distribution system have the same type of 



blown fuse indicator lamps and operate in the 

same manner. 
b. If F416 burns out, resistor R444 (68K) 

is placed in shunt with the servicing outlets to 

furnish a path of current through blown fuse 

indicator I 416 when no power is being drawn 

from the convenience outlets. 

c. Radiate interlock relay K405 energizes 

when the transmitter is turned on. Contacts 

8 and 14 of K405 substitute F401 (1.6 ampere) 

in place of F416 (6.25 ampere) so that too 
much power cannot be drawn from the servic- 

ing outlets while the transmitter is drawing 

power from the primary source. 

157. Main Power Contactor Relay K402 
(fig. 229) 

Except for the circuits discussed in para- 

graph 156, no power can be distributed through 

Section Il. 

158. General 

Undelayed 115 volts ac is distributed 

throughout the equipment and delayed 115 

volts ac is applied to the modulator and the 

antenna base. 
a. Most circuits requiring 115-volt, 400-cycle 

ac power receive power immediately when main 

contactor K402 is energized (undelayed 115 

volts). To provide time for filaments to warm 

up, the application of 115 volts, 400 cycles is 
delayed approximately 5 minutes before it is 

applied to some circuits (delayed 115 volts). 

b. To provide the protective 5-minute time 

delay, the undelayed 115 volts power is applied 

to the +27-volt de power supply. Some cir- 

cuits requiring +27-volt de power receive power 

immediately (undelayed +27 volts). One such 

circuit is the 5-minute time delay circuit dis- 

cussed in paragraph 164. Five minutes after 

the undelayed 115-volt ac power is applied to 

the time-delay circuit, the delayed +27-volt de 

power is used to energize de relays which 
cause delayed 115-volt ac power to be applied to 

the equipment. 

159. Undelayed Ac Power Distribution 
(fig. 229) 

When system POWER switch S602 (C-3) 

is closed, main power contactor relay K402 

energizes and undelayed 115-volt ac power is 

the equipment unless main contactor K402 

(E4) is energized. 

a. Relay K402 is a double-pole, single-throw 

de relay with contacts in series with each side 

of the line that furnishes 115-volt, 400-cycle 

ac power throughout the equipment. Selenium 

rectifier CR402 is used to rectify the voltage 

applied to the coil of K402 and C407 filters the 

voltage so that the de relay does not chatter 

with pulsating de applied to it. 

b. When system POWER switch S602 (B-3) 

is placed in the ON position, power is applied 

to K402 through F402 (1.6 ampere), the relay 

energizes, contact is made between A2 and Al 

and B2 and B1 and power is immediately made 

available to many circuits throughout the equip- 

ment through fuses F412 (60 ampere) and 

F413 (60 ampere). 

AC POWER DISTRIBUTION 

immediately applied through the closed contacts 

of K402 and fuses F412 and F413 (A-4 and 

E-—4) to the circuits described in a through m 

below. 

a. Power is applied to output receptacle J411 

(C-5) which furnishes 115 volts, 400 cycles 

to the associated iff equipment. 

b. Power is applied through F405 (A-5) 

and filter Z2351 to the primary of filament 

transformer T2350 (C-—5). The secondary of 

T2350 furnishes 6.3 volts ac to the filaments of 

all vacuum tubes in the signal comparator. 

c. Power is also applied through F405 and 

Z2351 to blower motor B2350 when high tem- 
perature thermostat $2352 closes and safety 

interlock $2355 is closed. Interlock $2355 re- 

moves power from B2350 when the signal com- 

parator is pulled out of its case because the 

fan on the motor presents a hazard to personnel 

working in the unit. 

d. Power is applied through F410 (A-8), 

filter capacitors C159 and C171, and LC filter 

components Z153 and Z154 to the primaries 

of filament transformers T101 (C-10), T152 

(C-8), and T153 (C-9) in the modulator. Two 

circuits are supplied power in parallel with the 

three filament transformers. Power is supplied 

to blower motor B151 (C—7) when high tem- 

perature thermostat S154 closes. Power is also 

applied to modulator high-voltage warning 
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lights I 151, I 152, and I 153 through interlock 

S153A. Interlock S153A opens when the mod- 

ulator is pulled out of its case. If the manual 

interlock defeat is closed, the three warning 

lights glow as a warning to personnel that high 

voltage may be present in the chassis. If in- 

terlock S153A is opened, interlock S153B also 
opens and removes ac power to the high-voltage 

power supply in the modulator by interrupting 

the distribution of delayed +27 volts dc to re- 

lays which must be energized to apply power 

to the high-voltage circuit. 

e. Power is applied through F409 (A-13) 

to the primary of filament transformer T401 

(D-13) and blower motor B401 (C-138) in the 

power supply. 

f. Power is also applied through F409, Z501 

(B-14), S504A, Z502, S603 (B-18), and 

S402B to the primary of plate supply trans- 

former T402 (C-19) and from terminal 

1703—E401 (B-19) through F407 to the primary 

of indicator high-voltage transformer T604 

(C-20). The secondaries of plate transformer 

T402 supply power to the rectifiers and voltage 

regulator circuits which supply +450, +300, 

+150, and —150 volts de to stages throughout 

the equipment. None of the systems of the 

equipment can function properly unless power 

is applied to T402. Note that if any of the 

three interlocks (S504A on the receiver trans- 

mitter, S603 on the indicator, or S402B on the 

power supply) are open, power is not supplied 

to the primary of R402 and the equipment can- 

not function. Interlocks S504A and S603 have 

built-in interlock defeats and interlock S402B 

can be defeated by closing S404B (INTER- 

LOCK SHORTING SWITCH). Power is also 

supplied through F409 to interlock S402A 

(B-18) and current limiting resistor R445 to 

high-voltage warning light I 417 and through 

Z501, S504, and Z507 to high-voltage warning 

lights I 501 and I 502 through current limiting 

resistors R506 and R520. High-voltage warn- 

ing light I 610 (B—21) and its current limiting 

resistor R2620 are in parallel with the primary 

of T604 so that I 610 glows when power is 

applied to T604. Indicator high-voltage trans- 

former T604 supplies plate voltage to the 

indicator high-voltage power supply which 

furnishes high-voltage potentials to the cathode- 

ray tube circuits. 
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g. Power is applied through F403 (A-16) 

to preamplifier filament transformer T503 

(C-18). 

h. Power is also applied through F403 and 

Z503 and Z507 to the primary of keep-alive 
power supply transformer T501 in parallel with 

blower motor B501. Power is also applied 

through F403 to the primary of magnetron 

filament transformer T504. The method of 

applying power to T504 and the amount of 

power that is applied depends on whether or 

not radiate interlock relay K405 is energized. 

When the radar is not radiating, 115 volts is 

applied to the primary of T504 through Z508 

and Z507. The normally closed contacts of 

K405 provide a short circuit around resistor 

R516 (50 ohms). When the radar set is radiat- 

ing, K405 energizes and power is then applied 

through Z503, R516, and Z507 to the primary 

of magnetron filament transformer T504, de- 

creasing the voltage applied to the primary 

and the secondary of the transformer (par. 32). 

i. Power is applied through F404 (A-21) 

and through filters Z605 and Z606 to the pri- 

mary of filament transformer T605 in parallel 

with the rotor of synchro receiver B602. When 

high temperature thermostat S610 closes, 

power is also applied to blower motor B601 

(C22). 

7. With safety switch S753 (B-22) on the 

antenna base in the ON position, power is also 

applied through F404 to the rotor of synchro 

transmitter B753. 

k. Power is applied through F406 (A-23) to 

blower motor B702 (D-24), the primary of 

thyratron grid transformer T701 (C—24), the 

primary of filament transformer T702, dry-disk 

rectifier CR701 (C-—25), and the primary of 

+27-volt de supply transformer T4038 (B—22). 

The output of CR701 furnishes 95 volts de to 

the field winding of antenna drive motor B751 

and also to protective relay K703 which opens 

the thyratron plate transformer circuit (C—28) 

so that no current can flow through the arma- 

ture of B751 in the event that field excitation 

is not available. The secondary of transformer 

T403 supplied plate voltage to the +27-volt dc 

power supply which furnishes undelayed +27 

volts de to some control relays and to the 5- 

minute time delay circuit (par. 164). The 

delayed +27-volt de output from the 5-minute 

time delay circuit furnishes power to relays 



that control the distribution of delayed 115 

volts ac power. The contacts of three such 

relays are shown on the ac power distribution 

schematic diagram; K405 (A-2 and A-16), 

K152 (E-10), and K705 (C-28). 

Il. When S401 (SWITCH ANT. BLOWER) 

is in the ON position (B-23), power is also 

applied through F406 to tent ventilator blower 

motor B755 (C-23). 

m. When high temperature thermostat S703 
closes, power is also applied through F406 to 

blower motor B701 (C-26). 

160. Delayed Ac Power Distribution 
(fig. 229) 

Five minutes after system POWER switch 

S602 (C-3) is closed and the undelayed 115 

volts ac is distributed through the equipment, 

de relays energized by delayed +27 volts de 

make delayed 115 volts ac available for two 

circuits which require time for filaments of 

vacuum tubes to warm up before plate voltages 

are applied. Delayed 115 volts ac is supplied 

to the servo amplifier in the antenna position- 

ing system (antenna base) and to the high- 

voltage power supply in the transmitting 

system (modulator). Power distribution to 

both circuits can only take place after the 5- 

minute time-delay circuit in the power supply 

makes delayed +27 volts de available. 

a. Power is applied through F408 (A-26) 

through normally closed low temperature ther- 

mostat switch S754 to the primary of thyratron 

plate transformer T704 (D-26) if the con- 

tacts of S753, S701, K703, and K705 are closed. 

The contacts of interlock switch S701 close 

when the servo amplifier chassis is in its case 

(or its interlock defeat is closed). The con- 

tacts of K703 close if field excitation is avail- 

able for antenna drive motor B751. The con- 

tacts of K705 close when delayed +27 volts de 

is applied to plate voltage relay K705. The 

contacts of S753 (safety switch) must be 

manually placed in the ON position for the 

antenna to be rotated (par. 146). Normally 

closed thermostat S754 opens and prevents 

rotation of the antenna if the temperature of 

the antenna base falls below —34° C. This 

prevents damage to the antenna drive motor at 

very low temperatures. 

b. Delayed 115 volts ac is applied to the high- 

voltage power supply in the modulator. Power 

is applied through F411 (A-11), J420 (MAG- 

NETRON AGING JACK) and P420, bypass 
capacitors C170, C166, and C165, and filters 
Z151 and Z152 to the primary of high-voltage 

transformer T151 (D-11) when radiate relay 

K152 is energized. The complete circuit 

through which K152 is energized by delayed 

+27 volts de is shown on figure 231 and is 

discussed in paragraph 165h. Shorting plug 

P420 is connected to J420 so that the circuit is 

completed to the primary of T151 during nor- 

mal operation. When the magnetron is re- 

placed it may be aged by removing P420 and 

substituting a plug which connects to a variac 

so that the voltage applied to the primary of 

T151 can be increased to normal in steps. 

161. Fuses and Interlocks 

The distribution of 115-volt ac power is con- 

trolled by fuses that aré located on the front 

panel of the power supply and interlocks which 

are located on individual units. 

a. All fuses have blown fuse indicators which 

operate as described in paragraph 156a. The 

blown fuse indicators have the same symbol 

reference designation number as the fuses. 

Time lag fuses are used in circuits which may 

, be subject to momentary current surges. A 

complete list of fuses, their ratings, and the 

circuits they protect is given in paragraph 

207a. 

b. Different types of interlocks are used in 

the equipment to protect personnel against in- 

jury from voltages greater than 500 volts. 

There is considerable interrelationship between 

the interlocks in the various units. For ex- 

ample, figure 229 shows that if interlock S603 

on the indicator is open, power is not applied 

to the primary of plate transformer T402 and 

therefore none of the systems functions prop- 

erly because T402 supplies power to the un- 

regulated +450-volt dc, and the regulated 

+300-, +150-, and —150-volt de power supplies. 

A complete list of interlocks, their operation, 

function, and disabling (or defeating) proce- 

dures is given in paragraph 207). 
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Section Ill. 

162. General 

Delayed +27 volts dc is distributed through- 

out the equipment to control relays. The +27- 

volt de power supply also furnishes power to 

the local oscillator filament, the local oscillator 

tuning motor, and the OPERATING HOURS 

meter. 

a. Undelayed 115 volts ac is applied to the 

primary of 27-volt de supply transformer T403 

(par. 159k) in the +27-volt de power supply. 

The +27-volt de power supply produces un- 

delayed +27 volts de and applies it to the 5- 

minute time delay circuit. All relays in the 

equipment except protective relay K151 in the 

transmitting system, protective relay K703 in 

the antenna positioning system, and main 

power contactor relay K402 (par. 157) are 

energized by delayed +27 volts de. 

b. The distribution of undelayed 115 volts dc 

to the +27-volt de power supply, the 5-minute 

time-delay circuit, and the entire distribution 

of +27 volts de are shown in figure 231. 

163. Plus 27-Volt Dc Power Supply 
(fig. 231) 

The +27-volt de power supply is located in 

the power supply but is considered to be part 

of the power distribution and control system 

because its output is used to energize relays 

which control the distribution of power 

throughout the equipment. 

a. When POWER switch S602 is placed in 

the ON position, power is applied to the pri- 

mary of +27-volt de supply transformer T403 

through the closed contacts of main power con- 

tactor K402, system power fuses F412 and 

F413 and fuse F406. Step-down transformer 

T403 applies approximately 37 volts ac to dry- 

disk rectifier CR401 which is connected in a 

full-wave bridge rectifier circuit. Choke input 

filter L403 and C403 filters the pulsating de 

output from CR401 and provides +27 volts to 

terminal E401-8A. Bleeder resistor R404 

loads the power supply so that the +27-volt 

output voltage does not vary much with changes 

in the remainder of the load on the power 

supply. 

b. The output from the +27-volt de power 

supply (undelayed +27 volts dc) is applied to 
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three circuits: the filament of local oscillator 

tube V505 (par. 55f), local oscillator tuning 

motor B502 when L.O. MOTOR switch S613 

is in the DEC position (par. 56), and to the 

5-minute time-delay circuit. 

164. Five-Minute Time-Delay Circuit 
(fig. 231) 

Undelayed +27 volts de is applied from the 

+27-volt dc power supply to the 5-minute time- 

delay circuit which consists of 5-minute time- 

delay relay K401 and slave relay K408. 

a. Five-minute time-delay relay K401 con- 

sists of a 6-volt dc motor that drives three cams 

which in turn actuate three microswitches. 

The motor has a permanent magnet field so that 
when current flows through the armature of the 

motor, the armature turns and its output shaft 

(through reduction gears) drives the three 

cams at a rate of 14 rpm. With 6 volts applied 

to the armature the cams make 1 complete 

revolution in 5 minutes. 

b. When undelayed +27 volts is applied to 
the circuit, current flows from ground, through 

the armature of K401, through a portion of 

R448, through the normally closed contacts of 

switch No. 1 (1 and 9), through the normally 

closed contacts of slave relay K403 (3 and 1) 

to +27 volts dc. Time-delay adjustment R443 

controls the amount of current through the 

armature of the motor and therefore the speed 
of rotation of the armature and the three cams. 

The resistor is normally adjusted to provide a 

total time-delay of 5 minutes (the length of 

time for 1 complete revolution of the cams). 

c. Five seconds after the motor of K401 

starts to rotate, cam No. 1 closes contacts 1 and 

8 so that current through the armature of the 

motor and R443 flows directly to +27 volts. 

At the same time cam No. 2 closes contacts 

2 and 6. This sets up the circuit for energizing 

K403 with the delayed +27-volt de circuit being 

kept open. 

d. Five seconds later (a total of 10 seconds 

after the motor starts to rotate) cam No. 3 

closes contacts 3 and 5 so that +27 volts is ap- 

plied through contacts 3 and 5 of switch No. 3 

and contacts 6 and 2 of switch No. 2 to the coil 
of slave relay K403. This causes K403 to ener- 

gize. When K403 energizes, contacts 1 and 5 

of K403 close and the undelayed +27 volts 



holds K403 energized directly through the hold- 
ing contacts (1 and 5) of K403. 

e. Ten seconds later (a total of 20 seconds 

after the motor of K401 starts to rotate), cam 

No. 3 opens contacts 3 and 5 of switch No. 3 

so that contact 3 again makes with contact 4 

and removes the path of +27 volts (which 

previously flowed through switch number 3) 

through the coil of K403. Relay K403 is now 

able to hold itself energized through its own 
closed holding contacts (1 and 5). 

f. Approximately 4 minutes and 40 seconds 

later, cam No. 1 causes contact 1 to make with 

contact 9 again and cam No. 2 causes contact 

No. 2 to make with contact 7 again. At this 

time (approximately 5 minutes after the motor 

of K501 starts to rotate, the exact amount of 

time depending on the setting of R443) switch 

No. 1 removes power from K401 and the arma- 
ture of its motor stops turning. At the same 

time, switch No. 2 connects delayed +27 volts 

de to its load. Delayed +27 volts is applied 

_ from the output of the +27-volt power supply 

through contacts 1 and 5 of K403 and through 

contacts 2 and 7 of switch No. 2 to terminal 

E404-8A7 from which delayed +27 volts dc 

is distributed. 

g. Under normal operating conditions, once 

the delayed +27 volts de is made available to 

the system, it remains available until K403 

deenergizes. This can only occur if ac power 

is removed from the primary of T403 and 

normally this can only be accomplished by 

placing POWER switch S602 in the OFF posi- 

tion. Many abnormal conditions, such as a 

trouble in the +27-volt de power supply or 

power distribution to T403, can also cause 

K403 to deenergize resulting in removal of 

delayed +27 volts de. If K403 should become 

deenergized, it is necessary for 5-minute time- 

delay relay K401 to run through its complete 

cycle again before K403 can become energized 

again and distribute delayed +27 volts dc to 

the system. 

165. Distribution of Delayed + 27 Volts Dc 
(fig. 231) 

Approximately 5 minutes after system 

POWER switch S602 is placed in the ON posi- 

tion, +27 volts dc is made available by the 5- 

minute time-delay circuit and delayed +27-volt 

de power is applied to the circuits described in 

a through h, below. 

a. Power is applied to plate voltage relay 

K705 in the antenna positioning system. The 

contacts of K705 complete the circuit for the 

application of ac power to the primary of 

thyratron plate transformer T704, making it 

possible for the antenna to be rotated (par. 

160a). 

b. Power is applied to the voltage coil of 

braking relay K702 when breaking cam S617 

completes the ground return circuit of K702 

(par. 147). 

c. Power is applied to reversing relay K701 

when reversing cam S618 completes the ground 

return circuit of K701 (par. 147). 

d. Power is applied to synchro relay K704 

when synchro transmitter zero cam S756 and 

synchro receiver zero cam $612 complete the 

ground return circuit of K704 (par. 154). 

e. Power is applied to video relay K3300 and 

mode selector relay K83801 depending upon 

whether or not their ground return circuits 

are completed by OPERATION SELECTOR 

switch $2354 or OPERATION switch S601 

(par. 96). 

f. Power is applied through interlock S504B 

and normally closed magnetron overtempera- 

ture thermostat S501 to shutter gate relay 

K501. When K501 energizes it removes a 

shorting pin from tr tube V504A allowing the 

receiver to accept signals. The pin protects 

the signal crystal mixer from damage caused 

by signals from other radiating sources when 

the equipment is off and there is no keep-alive 

voltage (par. 46). 

g. Power is also applied through S504B and 

S501 to the local oscillator tuning motor when 

L.O. MOTOR switch S613 is in the INC posi- 

tion. Undelayed +27 volts de is applied to the 

motor when S618 is in the DEC position (par. 

56). 

h. When RADIATE ON switch S616 is 

pressed, power is also applied through S504B 

and S501, and through S616, the normally 

closed contacts of K151, and S153B to energize 

radiate relay K152, radiate interlock relay 

K405, and M402 (OPERATING HOURS). 

When K405 energizes, contacts 6 and 12 close 

and act as holding contacts across S616. This 

is necessary because S616 is spring-loaded and 
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opens as soon as physical pressure is removed. 

Two other sets of contacts of K405 close ac 

power distribution circuits (fig. 229). When 

K152 energizes its contacts apply ac power to 

the primary of modulator high-voltage trans- 

former T151 (par. 160). Meter M402 meas- 

ures the number of hours the transmitter ra- 

diates. Since the transmitter is normally on, 

the reading on M402 closely approximates the 

total number of hours the equipment is used. 

The normally closed contacts of K151 open in 

the event of an overload in the transmitting 

system. If K151 energizes, its contacts open 

and cause K152 and K405 to deenergize. Both 

K152 and K405 must be energized for the 

equipment to radiate. The equipment stops 

radiating if interlocks S504B, or S1538B are 

opened or if RADIATE OFF switch S615 is 

pressed. 

Section IV. HEATER CIRCUITS 

166. General 

Power to heat the components of the equip- 

ment is furnished directly from the primary 

source of power. Approximately 2.5 kw of the 

capacity of the primary source of power is 

reserved for power to the heaters. 

a. All heaters except HR751 and HR2350 

are 150-watt space heaters that are controlled 

by low-temperature thermostats which are nor- 

mally open, close at 0° C, and open again after 

the temperature of the component is raised 

above 15° C. 

b. Heater HR751 is a 1,000-watt heater in 

the antenna drive motor gear case within the 

antenna base. Its thermostat (S751) closes 

at 0° C. and remains closed as long as the tem- 

perature of the gear case remains below 0° C. 

Component (heated) Rating (watts) 

The heater prevents overloading of the antenna 

drive motor by preventing the oil in the gear- 

case from becoming too stiff. 

c. Heater HR 2350 is a 250-watt heater with- 

in the mercury delay line subassembly within 

the signal comparator. Its thermostat (S2350) 

closes when the temperature of the subassem- 
bly falls below —30° C. and remains closed as 

long as the temperature within the mercury 

delay line subassembly remains below —30° C. 

Mercury remains in a liquid state down to ap- 

proximately —39° C. This heater prevents the 

mercury in the delay line from freezing. 

d. A complete list of the heaters used in the 

equipment, the units in which they are located, 

their ratings, the thermostats used with each 

heater, and the illustrations upon which they 
may be located is given below. 

Location (fig. No.) - 

HR151 Modulator. sett eit Byte 2 ie eg 

HR152 Modulator 26 psoas 20 Ge a vegan ater 

HR401 Power supply. 22-4 eee nee eee 
HR501 Receiver-transmitter___.__._.._..-_-- 

HR502 Receiver-transmitter___._....._-_---- 

HR601 Indicators 2422 400 Be ae ee eae 

HR701 Antenna: base. asaee. en soe. 2 hee 

HR751 Antenna drive motor gear case__-__---_- 

HR752 ‘Antenna bases = Seat Sree ee eee 

HR2350 | Delay line assembly_-_.-_-_.--.------ 

HR2351_ | ,Signal comparator-_-..-.=...-...-.---- 
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Thermostat 

Heater Thermostat 

$155 110 106 

$155 110 106 

$403 177 179 

$505 103 123 

$505 123 123 

S611 149 156 

$702 165 164 

$751 188 168 

$751 167 168 

$2350 195 195 

$2351 201 143 



167. Heater Circuit Functioning 
(fig. 230) 

Power to all heaters in the equipment is ap- 
plied from the primary source of power to 

J404 (POWER IN HEATERS) on the front 
panel of the power supply. From J404, 115 

volts ac, 400 cycles, is applied through F414 

and F415 (30 amp each) to the circuits de- 

scribed in a through f, below. 

a. Power is applied through filters Z159 and 

Z158 to heater HR151 in parallel with HR152 

when thermostat S155 closes. 

b. When thermostat S403 closes, power is 

applied to heater HR401. 

c. Power is applied to heater HR501 in 

parallel with HR502 when thermostat S505 

closes. 

d. When thermostat S611 closes, power is 

applied to heater HR601. 

e. Heater power is applied to heaters HR701, 

HR751, and HR752 when their respective 

thermostats close (S702, S751, and S752) and 

if safety switch S753 is in the ON position. 

f. Heater power is applied through line filter 

Z2351 to heaters HR2350 when thermostat 

$2350 closes, and to heater HR2351 when ther- 

mostat $2351 closes. 
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CHAPTER 9 

DC POWER SUPPLY SYSTEM 

168. General 

a. The de power supply system receives 115- 

volt, 400-cycle power from the power distribu- 

tion and control system and provides de operat- 

ing potentials for the entire equipment. The 

potentials furnished by the de power supply 

system are: 

(1) Unregulated +450 volts to the indicat- 

ing system. 

(2) Regulated +300 volts to the indicat- 

ing, receiving, and transmitting sys- 

tems. 

(3) Regulated +150 volts to the antenna 

positioning, indicating, receiving, and 

signal comparing systems. 

(4) Regulated —150 volts to the indicat- 

ing, receiving, and signal comparing 

systems. 

b. A +27-volt power supply and a relay con- 

trol chassis are also located in the power supply. 

They are considered to be part of the ac power 

distribution and control system because their 

primary function is to control the distribution 

of ac power to the equipment. 

c. Power Supply PP-674/TPS-1D serves as 

a junction box for the entire equipment. All 

interconnections between units of the equip- 

ment are made through interconnections within 

the power supply. Figure 233 (sheet 1) shows 

all of the internal interconnections of the power 

supply. Figure 233 (sheet 2) is a complete 

schematic diagram of the power supply (dc 

power supplies) and control chassis. Figure 

207 shows all of the external cabling from the 

power supply to all other units of the equip- 

ment. 

169. Dc Power Supply System, 
Block Diagram 

(fig. 90) 

The de power supply system furnishes plate 

supply potentials to most of the stages and bias 

potentials to many of the stages in the equip- 

ment. Therefore the de power supply system 
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incorporates a protective feature which pre- 

vents the application of plate supply poten- 

tials when bias potentials are absent because 

of trouble in the negative portion of the dc 

power supply system. 

a. Power is applied to filament transformer 

T401 and plate transformer T402 from the 

ac power distribution and control system. Fila- 

ment transformer T401 furnishes filament 

power to positive rectifiers V401 through V405 

and to negative rectifier V406. Plate trans- 

former T402 furnishes different values of 

stepped up ac potentials to all three rectifier 

circuits which are operated as conventional 

full-wave rectifier circuits. Each rectifier has 

a choke input-type filter associated with it to 

smooth out the 800-cycle ripple frequency. 

Parallel rectifier tubes are used in the positive 

power supplies due to the larger load currents 

furnished by them. 

b. Rectifiers V404 and V405 furnish unreg- 

ulated +450 volts to the ppi sweep amplifiers 

and the ppi focus current regulator because 

the relatively large currents required by these 
circuits cannot be handled by the indicator 

high-voltage power supply. Plus 450 volts is 

also applied to the +300-volt regulator circuit 
which consists of series regulators V414, V415, 

and V416 and control tube V417. The output 

from the +3800-volt regulator is applied to many 

stages in the indicating, receiving, and trans- 

mitting systems. 

c. The +300-volt regulator circuit regulates 

for changes in the line voltage applied from the 

ac power distribution and control system as 

well as for changes in load current which 

would normally cause a change in output volt- 

age. Either tendency for the output regulated 

+800 volts to change causes the input to con- 

trol tube V417 to change. Thecontrol tube acts 

as a de amplifier and causes the bias on series 

regulator tubes V414, V415, and V416 to vary. 

The change in bias causes the dc resistance of 

the series regulator tubes to vary so that the 
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change in voltage across the series regulator 

tubes allows the output voltage to remain very 

close to +800 volts. 

d. Positive rectifiers V401 through V403 

apply approximately +260 volts to the +150- 

volt regulator which consists of series regula- 

tors V407, V408, and V409 and control tube 

V410. The +150-volt regulator functions in 
the same manner as the +300-volt regulator so 

that the regulated +150-volt output to the an- 

tenna positioning, indicating, receiving, and 

signal comparing systems is held very close to 

+150 volts. 

e. Negative rectifier V406 furnishes unregu- 

lated —425 volts to voltage regulators V411 and 

V412 and to voltage reference tube V413. All 

three stages operate as shunt regulators, their 

output voltage being regulated at —150 volts. 

The output from V411 (regulated —150 volts) 

is applied to the indicating, receiving, and sig- 

nal comparing systems where it is used for 

establishing bias potentials. The output from 

V412 is applied to the receiving system where 

it is used as B for the local oscillator stage. 

f. The output from voltage reference tube 

V413 is applied to the +150- and +300-volt 

regulator circuits where it is used to maintain 

a constant reference voltage for proper opera- 

tion of the voltage regulator circuits. This ar- 

rangement provides for protection of the equip- 

ment by preventing the application of normal 

B+ potentials when the negative rectifier cir- 

RECTIFIER 
V401 

5R4WGY 

E401 
302 \ 

115VAC FROM 
POWER DISTRIBUTION 
AND CONTROL SYSTEM 

E40) 
1703 

Figure 91. 
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RECTIFIER 

5R4WGY 

cuit becomes inoperative and bias potentials 
are lost. If there is no output from negative 

rectifier V406, the normal regulated +300-volt 
output (4A) is reduced to approximately +100 

volts and the normal regulated +150-volt out- 

put (1A) is reduced to approximately +100 

volts. 

170. Positive Rectifiers 
(fig. 91) 

The positive rectifiers receive 115-volt, 400- 

cycle power from the power distribution and 
control system when system POWER switch 

S602 is placed in the ON position. Two outputs 

are taken from the positive rectifiers, unregu- 

lated +260 volts is applied to the +150-volt 

regulator circuit and unregulated +450 volts is 

applied to the indicating system and to the 
+3800-volt regulator circuit. 

a. Both positive rectifier circuits receive 

plate potentials from the same secondary wind- 
ing on T402; 670 volts rms is applied from 

terminals 5 and 7 to the +150 rectifier circuit, 

and 1,060 volts rms is applied from terminals 

4 and 8 to the +450 rectifier circuit. 

b. The rectifier circuits differ only in load 

considerations. Three 5R4WGY full-wave rec- 

tifier type tubes are used in parallel in the 

+150-volt rectifier circuit (V401, V402, and 

V403) to handle the larger load drawn from 

the +150-volt rectifier circuit and a larger 

filter capacitor (C405) and smaller choke 

L404 

.2H 

TO +150V 
REGULATOR 

RECTIFIER 
V403 
SR4WGY 

C405 
5V AC |IOUF 

FROM 
T401 

RECTIFIER L401 
V405 3H 

+450V TO 

C401 
1 

Positive power supplies, simplified schematic diagram. 
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(L404) are used in its filter to handle the larger 

current drain. 

c. Both rectifier circuits are conventional 

full-wave rectifier circuits and apply pulsating 

de with a ripple frequency of 800 cycles to 

choke input-type filters which smooth the ripple 

amplitude to a tolerable level. The filtering 

requirements are reduced because both outputs 

are applied to voltage regulator circuits which 

provide further filtering of the ripple ampli- 

tude. The unregulated +450-volt output is 

applied to a few stages where the output ripple 

amplitude does not affect circuit operation. 

171. Voltage Regulators, Equivalent Circuit 
(fig. 92) 

The voltage regulator circuit shown in figure 

92 can be used to show the operation of both 
the series and shunt regulator circuits used in 

the de power supply system. 

a. The regulator circuit shown maintains its 

output voltage virtually constant if a change in 

the unregulated voltage applied to the regulator 

circuit (which results from changes in the line 

voltage or the rectifier circuit) or if a change 

in load drawn from the power supply (which 

also tends to make the unregulated voltage 

change) occurs. 

b. Voltage reference tube V4 is an OA2 type 

glow-discharge voltage regulator tube operated 
as a shunt regulator. Operated within its cur- 

rent rating (5 to 30 ma) the voltage across it 

remains a constant 150 volts in spite of con- 

siderable variation in the value of the unregu- 

lated input voltage. Changes in the unregulated 

input voltage appear across series resistor R4. 

If the unregulated input voltage increases, 

further ionization of V4 causes an increased 

current to flow through R4. Increased current 

through R4 causes an increased voltage drop 

across R4 so that the voltage across V4 remains 

150 volts. If the unregulated input voltage 

decreases, the degree of ionization of V4 also 

decreases and causes less voltage drop across 

R4, which in turn allows the voltage across 

V4 to remain very close to 150 volts. Thus the 

voltage from the junction of R4 and R7 to 

ground is held at a constant —150 volts. This 

potential is used as a constant reference voltage 

for the series regulator circuit (V2 and V3). 

c. An unregulated de voltage is produced by 

the conventional full-wave rectifier and choke 

input filter consisting of T1, V1, L1, and Cl. 

This unregulated de voltage appears across Cl 

and is applied to the voltage regulator circuit. 

The dc plate resistance (R,) of series regulator 

tube V2 forms a voltage divider with R8& so 

that the voltage across V2 plus the voltage 
across R8 always equals the unregulated volt- 

age across Cl. The voltage regulator circuit 

maintains the voltage across R8 very close to 

150 volts by controlling the voltage across V2 

by varying its de plate resistance. The dc 

plate resistance of a vacuum tube depends upon 

its bias. Its de resistance can be varied from 

infinity (when the control grid is sufficiently 

negative with respect to the cathode to hold 

the tube beyond cutoff) to close to zero (when 

the control grid is highly positive with respect 

to the cathode so that plate current saturation 

occurs). While the de resistance of V2 is not 

changed to these extreme values in this circuit, 

its de resistance is varied by controlling the 

difference in potential between the control grid 

and cathode. 

d. The cathode of control tube V3 is re- 

turned to ground. Voltage divider R1 and R2 

(between the unregulated input potential and 

ground) establishes the screen grid potential 

of V3 sufficiently positive so that V3 normally 

conducts. The amount of conduction of V3 

depends primarily upon the potential at the 

control grid of V3 with respect to the grounded 
cathode. This potential is established by volt- 

age divider R5, R6, and R7 between regulated 

+150 volts and the reference potential of regu- 

lated —150 volts. The plate current through 

V3 flows through plate load resistor R38 and 

causes the plate potential of V3 to vary and 

the control grid of V2 to vary with respect to 

its cathode. The difference in potential be- 

tween the control grid and cathode of V3 con- 

trols the de plate resistance of series regulator 

tube V2 and the regulated output voltage. 

Potentiometer R6 is normally adjusted so that 

the regulated output voltage is +150 volts with 

respect to ground. 

e. An increase in the input line voltage 

causes the unregulated voltage across C1 to 

rise. This rise must be distributed between V2 

and R8. The function of the voltage regulator 

circuit is to make virtually all of the rise 

appear across V2 and virtually none of the rise 

to appear across R8. As the line voltage starts 
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to rise, the output voltage from the voltage 

regulator starts to rise also. The increase in 

potential at the top of R5 with respect to the 

—150 volts reference potential causes the con- 

trol grid of V3 to go positive with respect to its 

cathode. The resulting increased current flow 

through V3 and R3 causes the potential at the 
plate of V3 to decrease. The control grid of 

V2 is directly coupled to the plate of V3 so 
that the decrease in potential at the plate of V3 

causes the control grid of V2 to go negative 

with respect to its cathode (which does not 

change appreciably). The increased bias for 

V2 causes the resistance of V2 to increase and 

most of the increase in the unregulated voltage 

appears across the increased dc plate resistance 

of V2. The efficiency of the regulator circuit 
depends upon the gain of de amplifier V3 and 

series regulator V2. Since the » of a 6AS7G 

is only 2, very little gain can be expected from 

the series regulator so that virtually all of the 

gain in the system is provided by control tube 

V3. 

f. To illustrate the action of the voltage reg- 

ulator circuit numerically, assume that the line 

voltage increases by an amount which causes 

the unregulated voltage to increase 20 volts, 

that the gain of V2 is 1, that the gain of V3 is 

approximately 500, and that the wiper arm of 

R6 is at the half resistance point between the 

RECTIFIER 
Vv 

SR4WGY 

Figure 92. 
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+150-volt and —150-volt potentials. With these 
assumed values, the output voltage rises to the 
+150.08 volts. The regulator action is such 
that the grid of V3 rises .04 volts, the change 

at the grid is amplified by V3 so that the change 

in voltage at the plate of V3 is 20 volts, and the 

change in voltage across V2 (from plate to 

cathode) is almost the full 20-volt change in 

the unregulated voltage. For all practical pur- 

poses the output voltage from the voltage regu- 
lator remains +150 volts. 

g. The regulating action is similar if the load 

on the regulated +150-volt supply increases. 

The increased load current causes an increased 

voltage drop across V2, L1, and V1, so that the 
input unregulated voltage to the voltage regu- 

lator circuit decreases. This causes the output 

voltage from the voltage regulator to decrease. 

As it decreases the voltage at the grid of V3 

becomes less positive and the conduction of V3 

decreases. This in turn causes the potential at 

the plate of V3 and the grid of V2 to rise so 

that the grid of V2 goes positive with respect 

to its cathode and the dc resistance of series 

regulator V2 decreases. The decreased resist- 

ance of V2 allows more current to be drawn 

from the rectifier and regulator circuits and 

still have essentially +150 volts available at the 

output of the voltage regulator circuit. Actu- 

ally a very slight decrease in the output voltage 

SERIES 
REGULATOR 
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(1/2)6AS7G 
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ONTROL TUBE 

v3 
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-425V 

VOLTAGE 

TMII67-35-253 
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takes place to provide an input to the control 

tube. 

h. Resistors R5 and R7 establish the range 

over which R6 can vary the potential at the 

grid of V3. Capacitor C2 between the output 
and the grid of V3 decreases the ripple ampli- 

tude of the output voltage by increasing the 

response of the circuit. Since the voltage across 

a capacitor cannot change instantaneously, C2 

causes the full change in voltage at the output 

to appear at the control grid of V3 until C2 

can charge to the new potential across it. How- 

ever, C2 cannot affect the average output volt- 

age. To increase the output voltage from the 

voltage regulator circuit, R6 should be rotated 

clockwise. This causes the control grid of V3 

to become more negative, decreases the current 

through V3 and R38, and causes the voltage at 

the plate of V3 and the grid of V2 to become 

more positive. A positive going voltage at the 

grid of V2 with respect to its cathode causes 

the dc plate resistance of V2 to decrease. The 

flow of load current across the lower dc resist- 

ance of V2 causes a decreased voltage drop 

FROM 
POSITIVE 

RECTIFIERS 
V404 AND V405 
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REGULATOR 

SERIES 
REGULATOR 

V4I5 
6Y6G 
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Figure 93. 

across V2 and therefore the output voltage of 

the circuit increases. Capacitor C2 does not 
affect this adjustment or any relatively slow 

change in output voltage. 

172. Plus 300-Volt Regulator 
(fig. 93) 

The +300-volt regulator receives approxi- 

mately +450 volts from the positive rectifiers 

and furnishes regulated +300-volt plate supply 

potentials to the indicating, receiving, and 

transmitting systems. The operation of the 

+300-volt regulator is the same as the equiva- 

lent circuit described in paragraph 171 except 

for the differences described in a through d 

below. 

a. Three triode-connected 6Y6G beam power 

amplifier type tubes are used as series regu- 

lator tubes. They are connected in parallel to 

handle the load current drawn from the +300- 

volt supply. Resistors R459, R460, and R461 

in the screen grid circuits; resistors R421, 

R422, and R423 in the control grid circuits; 
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Plus 300-volt regulator, simplified schematic diagram. 
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and resistors R424, R425, R426, R437, R438, 

and R439 in the cathode circuits all serve to 

balance the currents through the three tubes. 

This prevents oscillations due to feedback be- 

tween amplifiers. 

b. Control tube V417 and voltage reference 

tube V413 function the same as their counter- 

parts do in the equivalent circuit described in 

paragraph 171. 

c. In addition to the main function of pro- 

viding a means of sensing changes in the out- 

+260V FROM 
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RECTIFIERS 
V401-V403 SERIES 

REGULATOR 
V407 
6AS7G 

ai 
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SERIES 4,700 

REGULATOR 
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H
H
 

| 

R408 
4,700 

SERIES 
REGULATOR 

v409 
6AS7G 

Figure 94. 
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put voltage with respect to the —150-volt refer- 

ence potential, voltage divider R429, R462, 

R432, R433, R434, and R435 is also used to 

establish a potential of approximately +225 

volts. This potential is applied to filament 

transformer T401 so that the filaments of the 

series regulator tubes are placed closer to the 

cathodes from a dc standpoint to prevent break- 

down between filament and cathode. The 

+225-volt potential is a compromise value be- 

cause it is also applied to the filaments of the 
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series regulator tubes in the +150-volt regu- 

lator (fig. 233, sheet 2). 

d. Potentiometer R433 is used to adjust the 

output from the regulator circuit for +300 

volts. 

173. Plus 150-Volt Regulator 
(fig. 94) 

The +150-volt regulator receives approxi- 

mately +260 volts from the positive rectifiers 

and furnishes regulated +150-volt plate supply 

potentials to the antenna positioning, indicat- 

ing, receiving, and signal comparing systems. 

The operation of the +150-volt regulator is the 

same as the equivalent circuit described in 

paragraph 171 except for the differences de- 

scribed in a through c below. 

a. Three dual triode 6AS7G type tubes are 

used as series regulator tubes so that six triode 

sections in parallel are used to handle the load 

current drawn from the +150-volt supply. 

Resistors R405 through R410 in the grid cir- 

cuits prevent oscillations which might arise 

because of unbalances in plate currents through 

the triode sections. 

b. Control tube V410 and voltage reference 

tube V413 function the same as their counter- 

parts in the equivalent circuit described in 

paragraph 171. 
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Figure 95. 

c. Potentiometer R416 is used to adjust the 

output from the regulator circuit for +150 

volts. 

174. Negative Rectifier and —150-Volt 
Regulators 

(fig. 95) 

The negative rectifier and —150-volt regu- 

lator circuits receive 115-volt, 400-cycle power 

from the power distribution and control system 

when system POWER switch S602 is placed in 

the ON position. Three regulated —150-volt 

outputs are taken from the circuit. 

a. Stepped-up ac plate potentials are sup- 

plied to V406 from plate transformer T402. 

The de circuit of the rectifier is completed 

through the secondary winding of T401 which 

furnishes filament voltage for the rectifier. 

The rectifier is a conventional full-wave recti- 

fier. It applies pulsating de with a ripple fre- 

quency of 800 cycles to choke input filter L402 

and C409 in parallel with C410. The filter 

smooths the ripple frequency to a tolerable 

level and applies it to three shunt voltage regu- 

lators, V412, V411, and V413. 

b. All three shunt voltage regulators oper- 

ate the same. 

cussed in paragraph 171. 

c. Regulated —150 volts 
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V412 to local oscillator V505 in the receiving Regulated —150 volts is applied from V413 as 
system. Regulated —150 volts is applied from a reference voltage for the +300- and +150- — 
V411 to bias voltage divider networks in the _ volt regulator circuits in the de power supply 
indicating and signal comparing systems. system (par. 171). 
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CHAPTER 10 

GENERAL MAINTENANCE INFORMATION 

Note. This manual contains information pertinent to field and depot maintenance. The amount of repair that 

can be performed by units having field and depot maintenance responsibility is limited only by the tools, test equip- 

ment, and replacement parts that are available, and the skill of the repairman. 

Section I. 

175. General 
The information contained herein is designed 

to aid the repairman in detecting abnormal 

operation, locating and correcting equipment 

trouble causing abnormal operation, and check- 

ing the serviceability of repaired equipment in 

a minimum amount of time. Instructions for 

performing preventive maintenance and lubri- 

cation are contained in TM 11-1167-20. The 

preventive maintenance information is pro- 

vided to keep the equipment in good working 

order so that breakdowns and needless inter- 

ruptions in operation will be kept to a mini- 

mum. 

176. Detecting Faulty Operation 
Indications of both normal and abnormal 

operation are given in the various trouble- 

shooting charts (par. 177). In addition to the 

indications contained in the troubleshooting 

charts, the following information is given in 

the first section of each troubleshooting and 

repair chapter: 

. Normal indications at test jacks. 

. Normal readings on system panel meters. 

. Function of controls and adjustments. 

. System fuses. 

. De resistance of inductive components. 

. System parts location. 

. Waveform charts. 

. Voltage and resistance diagrams. 

177. Locating Trouble 
The following types of troubleshooting 

charts are provided to aid in locating trouble 

in a minimum amount of time. 

a. Troubleshooting Based on Starting Pro- 

cedure. A troubleshooting chart based on the 

starting procedure (par. 210) is designed to 

enable the repairman to locate trouble based 

on indications obtained while starting the 

equipment. Use this troubleshooting chart to 

rea ys Aa era 

TROUBLESHOOTING DATA AND TECHNIQUES 
) 

sectionalize trouble to a functional atone of 

the equipment and to locate troubles in the 

ac power distribution and control system. 

b. System Symptom Troubleshooting Charts. 

A system symptom troubleshooting chart is 

located in each system troubleshooting and re- 

pair chapter. These charts are based on symp- 

toms which indicate the location of trouble 

in the system. Generally, the system symptom 

troubleshooting charts will isolate trouble 

more quickly than the step-by-step trouble- 

shooting charts (c below). 

c. System Step-by-Step Troubleshooting 

Charts. A system step-by-step troubleshooting 

chart is located in each system troubleshooting 

and repair chapter. These charts consist of 

a series of steps designed to evaluate all phases 

of operation of the particular system. Gen- 

erally, the system step-by-step charts are more 

comprehensive than the symptom charts (0b 

above) and should be used if the symptom chart 

does not isolate the trouble. 

d. Component or Chassis Bench Trouble- 

shooting Charts. Component or chassis bench 

troubleshooting charts are designed to locate 

trouble when the chassis or component is con- 

nected to test equipment which is provided 

for bench servicing. These charts are located 

in the troubleshooting and repair chapter cov- 

ering the system in which the particular chas- 

sis or component functions. 

178. Correcting Trouble 
The following information is included to aid 

in correcting equipment trouble causing faulty - 

operation. 

a. Corrective measures are given in each 

troubleshooting chart. 

b. Paragraphs covering the removal and 

replacement of parts follow the troubleshooting 

charts. 
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Note. Instructions for disassembling and reassem- 

bling mechanically complex components are contained 

in chapters 20 through 23 of this manual. 

c. Instructions for performing alinement 

procedures are included after the removal and 

replacement of parts paragraphs. 

d. Instructions for performing a complete 

alinement of the radar set are contained in 

paragraph 447. 

179. Checking Serviceability 
Testing procedures designed to check the 

serviceability of repaired items of equipment 

are included after the alinement procedures. 

Instructions for testing the complete radar 

set are contained in paragraph 448. 

180. Troubleshooting Techniques 
To be effective, troubleshooting must be sys- 

tematic. It is seldom possible to observe a 

symptom of trouble and immediately diagnose 

the cause. Generally, it will be necessary to 

perform a sequence of operational checks, 

observations, and measurements before the 

cause of a trouble is revealed. If the proper 

sequence is followed, the trouble will be traced 

first to either a system or a component, then 

to a portion of the system or component, and 

finally to the defective part. The sequence of 

steps is referred to commonly as sectionaliza- 

tion, localization, and isolation of trouble. The 

following is a list of six logical steps. 

a. History of Equipment. The repairman 

can obtain helpful information by questioning 

organizational maintenance personnel, by read- 

ing the complaint notice attached to the equip- 

ment, and by reading the equipment log. For 

example, a radar set with a history of repeated 

signal mixer crystal failures is likely to have 

a defective tr tube. The more information the 

repairman can gather, the more accurate his 

diagnosis will be, and the sooner the repairs 

can be made. 

b. Preliminary Examination. Preliminary 

examination will help in gathering evidence 

that may lead to the defect. Symptoms may 

be obtained by observing the equipment for 

abnormal meter readings, lighted blown-fuse 

indicators, the presence of smoke, and abnor- 

mal scope presentations; by smelling to detect 

the odor of burned insulation and parts; and 

by listening for high-voltage arcing. 

c. Sectionalization. Sectionalization is the 

narrowing down of trouble to a particular 
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functional system of the radar set. Use the in- 

formation obtained from the procedures given 

in a and b above and the abnormal indications 

portion of the troubleshooting based on start- 

ing procedure chart (par. 210) as a quick aid 

in sectionalizing the trouble. Perform each 

step (or applicable steps) in the troubleshoot- 

ing based on starting procedure chart to sec- 

tionalize the trouble to a particular system if 
any of the following conditions exist. 

(1) The observed symptoms in the quick 

check do not clearly indicate which 

particular system is defective. 

(2) The defect has caused the entire set 

or a major portion of the set to be in- 

operative. 

(3) Troubleshooting of a particular sys- 

tem has been attempted using ob- 

served symptoms in the quick check, 

and the defect has not been found. 

Many abnormal indications can be 

caused by a defective part in one of 

several possible interrelated systems; 

procedures for sectionalizing to a par- 

ticular system are given in the trou- 

bleshooting based on starting proce- 

dure chart. 

d. Localization. After the trouble has been 

sectionalized to a functional system of the 
equipment, the next step is to localize the 

trouble to a stage or a group of stages by use 

of the procedures given in the system symptom 

troubleshooting chart. If the observed symp- 

toms cannot be closely related to those listed 

in the system symptom troubleshooting chart, 

use the system step-by-step troubleshooting 

chart. The procedures given in the bench 

troubleshooting chart should be used when 

trouble has been sectionalized to a major com- 

ponent and one of the following conditions 

exist. 

(1) It is more convenient to work at a 

bench than with the equipment con- 

nected normally. 

(2) It is imperative that the radar set be 

kept operating and a good component 

can be installed in place of the defec- 

tive one. 

(3) The component is being worked on in 

a shop as an individual unit. 

e. Isolation. After trouble has been local- 

ized to a stage or group of stages, the next 

step is to isolate the trouble to a particular 



part. First, replace the tube or tubes in the 

suspected circuit. If the trouble is not cor- 

rected, use visual inspection, waveform anal- 

ysis (par. 183), and voltage and resistance 

measurements (par. 184) to determine the 

defective part. 
Note. The exact sequence of performing isolation 

steps and techniques used will depend on accessibility 

of parts and the best method for the particular circuit 

being tested. 

f. Testing after Repairs. After faulty parts 

are located and replaced, the equipment may 

not necessarily be free of faults. Some other 

fault (which has not been detected and cor- 
rected) may have caused the failure of the part 

that has been replaced, or the repairman may 

have inadvertently injected a trouble. After 

parts or tubes have been replaced, the equip- 

ment should be given an overall test and the 

results compared with the data specified for a 

good set. Each troubleshooting chapter in this 

manual contains information for field testing 

the equipment and also contains procedures for 

checking the serviceability of a repaired com- 

ponent which has been bench-serviced. 

181. Troubleshooting Data 
a. General. In addition to the trouble- 

shooting charts, other troubleshooting data are 

supplied to help the repairman rapidly locate 

trouble. A list of the specific troubleshooting 

data which would help locate troubles in each 

particular system is given in the reference 

data paragraph contained in the first section 

of each troubleshooting and repair chapter. 

The following type troubleshooting data are 

supplied and should be consulted when neces- 

sary. 

b. Block Diagrams. The block diagrams 

give the electrical and mechanical interrela- 

tionships among the systems, components, and 

stages of the radar set. A functional system 

block diagram and a complete block diagram 

of the radar set is given in TM 11-1167-20. 
By observing the symptoms and analyzing 

their possible causes, it is often possible to 

trace the cause of faulty operation to a trouble 

in a particular block. 

c. Cabling Diagrams. The cabling between 

components of the radar set is shown in figure 

52, TM 11-1167-10. Figure 207 in this manual 

is a similar type of diagram. These diagrams 

can be used to check the cabling. 

d. Complete Schematic Diagrams. A com- 

plete schematic diagram is provided for each 

major component. This type of diagram shows 

all of the circuitry in the component and can 

be used to determine the faulty part in a par- 

ticular component. 

e. Simplified Schematic Diagrams. Simpli- 

fied schematic diagrams which are located in 

the theory portion of the manual are functional 

segments of complete schematic diagrams. 

These diagrams make it possible to follow the 

electrical and mechanical functioning of the 

circuits more easily than with the complete 

schematic diagrams. 

f. Voltage and Resistance Diagrams. A volt- 

age and resistance diagram is provided for 

each major component. This type of diagram 

gives normal voltage and resistance measure- 

ments at all tube socket pins and at other sig- 

nificant points and is helpful when making 

voltage and/or resistance measurements to 

trace the fault to a specific part. When using 

these diagrams, carefully read the notes and 

exactly duplicate the conditions under which 

the readings were obtained. 

g. Ac Power Distribution Diagram. This 

diagram shows the interconnections between 

the 115-volt ac power source and all compo- 

nent parts of the radar set which are energized 

by 115 volts ac. This diagram is useful in 

isolating troubles in the ac circuits such as 

open circuits, causes of blown fuses, and de- 

fective ac control circuits. 

h. +27-volt De Power Distribution Diagram. 

This diagram shows the interconnections be- 

tween the 115-volt ac source and the +27-volt 

de supply; and between the +27-volt de supply 

and all component parts of the radar set which 

are energized by +27 volts de. 

i. Location of Parts Illustrations and Lists. 

Each system troubleshooting chapter contains 

illustrations, and a list of parts with refer- 

ences to the illustrations, which show the loca- 

tion of each part of the system which is men- 

tioned in the text of this manual or shown on 

the partial or complete schematic diagram of 

the system. 

j. Waveform Illustrations. Waveform illus- 

trations are provided for the indicating, trans- 

mitting, and signal comparing systems. These 

illustrations give the normal waveforms at 

given test points throughout the system and 

are helpful in localizing the trouble to a specific 
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stage. When using these diagrams, carefully 

read the notes and exactly duplicate the con- 

ditions under which the waveforms were ob- 

tained. 

k. Resistor and Capacitor Color Code Dia- 

grams. These diagrams (figs. 205 and 206) 

are used to interpret the color codes used to 

indicate the values of resistors or capacitors 

and their tolerances. Tolerance indicates the 

maximum difference in resistance or capaci- 

tance that is expected between the rated value 

and the actual value of the resistor or capac- 

itor. 

l. Normal Panel Meter Readings. This is a 

list of meters that monitor the system opera- 

tion and the normal readings that should be 

obtained on each meter for the various switch 

positions. Meters are usually used in circuits 

in which a change in current, voltage, or other 

values would seriously affect the proper opera- 

tion of the radar set. These meters are help- 

ful in sectionalizing and localizing equipment 

troubles. 

m. Normal Indications at Test Points. This 

is a list of the test jacks and test points located 

in the system and the normal voltage readings 

or reference on illustration showing the nor- 

mal waveforms that should be obtained at each 

test jack and test point for the various switch 

positions. These test points are helpful to 

quickly localize the trouble to a channel or 

stage within a system. 

n. De Resistance of Inductive Components. 

This information is used when an inductive 
component is suspected of being faulty. The 

tolerance values for the resistance of inductive 

windings are generally not given. However, 

a winding that shows a resistance deviating 

more than 10 percent from its rated value is 

probably faulty. Allow the transformer to 

cool before making a final resistance test. The 

resistance values given in the de resistance of 

inductive components charts in this manual 

are the resistances with the components (or 

windings) disconnected from the circuit. 

182. Reference Designation Number 
Location Chart 

To aid in parts location, a block of reference 

designation numbers has been assigned to each 

major component of Radio Set AN/TPS-1D. 

For example, all parts in Power Supply PP- 

674/TPS-1D are numbered from 401 to 499; 
that is, resistors in this component are desig- 

nated R401, R402, etc., and capacitors are des- 

ignated C401, C402, etc. The following chart 

lists the block of reference designation num- 

bers assigned to each major component. 

Symbol Common name Official nomenclature Schematic 
lock (unit or subassembly) (unit) (fig. No.) 

103-149 || bigger circuits 20. aa Geena P/o Radar Modulator MD-144/TPS-1D-_-_____-__------------ 210 
150-199 —“") Modulitor.ts foo dee ce a Radar Modulator MD-144/TPS-1D_______-_----------------- 210 

201-299 Ll! preamp. 3300 . ee ON P/o Radar Receiver-Transmitter RT-212/TPS-1D____-____--- 212 

301-340 «EF aniplifiers il. seawen hs eis. P/o Signal Comparator CM-36/TPS-1D_-_._.----------+----- a ee 

BOO rae | \COnGr ed Sh gh ba Arty ee P/o Signal Comparator CM-36/TPS-1D-____-.----.---------- 219 
401-499: .) Power Supply:- Jaci pee ast ae oe Power Supply PP-674/TPS-1D2- 2-2. 222. 2.207 2 233 
401-409.) Control chassis — sn Sa om eee P/o, Power Supply PP=674/TPS=1Di222o i le ae 233 
501-599 Cobo weanpoitis2.02 See P/o Radar Receiver-Transmitter RT-212/TPS-1D______-_---- 212 

501-599 | Local oscillator...........1- 2 _- P/o Radar Receiver-Transmitter RT-212/TPS-1D________---- 212 
501-599 Cavity, assemblyait a) fee ee P/o Radar Receiver-Transmitter RT-212/TPS-1D________---- 212 

501-599 Travsipitiers 22. <oee ee eed P/o Radar Receiver-Transmitter RT-212/TPS-1D________---- 212 

601-699: | Indicators. S00- eta oe Azimuth-Range Indicator IP—141/TPS-1D_-_-_---_------------ 224 
(Ol—799 : AheAtitenna: bases. eye seem oe Antenna Base AB=221/TPS-1Ds.2: 22822024. 42 eae 226 

701-799 | Transmission line... 2)... 22.222. B/o Antenna. Base AB=221/T.PS-LD 22.29 S22 ease eee 18 

801-899 Antenndee. S25 eee caw hs AntennatAS=548/TPS=UD 2425 ee oe ee 19 and 20 

1100-1199 | Pulse delay network. ____._____-_- P/o Radar Modulator MD-144/TPS-1D____.......---_------ 210 

1300-1349 | Delay amplifier. ._-_..--_------- P/o Signal Comparator CM-36/TPS-1D____-_-_-------------- 219 
1350-1399 | Repetition rate trigger amplifier___| P/o Signal Comparator CM-36/TPS-1D____..._...---------- 219 

1600-1699) |, dndicator:<<ht 2ayP ee, ieee ayy Azimuth-Range Indicator IP—141/TPS-1D_-_-_--.----------.--- 224 
2300-2349 | Nondelay amplifier____.....____- P/o Signal Comparator CM-36/TPS-1D_.____._.------------ 219 
2350-2399) Delay linet: o2.4 2 suey amen P/o Signal Comparator CM-36/TPS-1D-___.......------.---- 219 

20002009 T ANGICRLGE, sagt ae ae ane ee ee Azimuth-Range Indicator IP-141/TPS-1D_______-_-..------- 224 
3300-3349 | Video balancer____.____.__..__--- P/o Signal Comparator CM-36/TPS-1D_____..-------------- 219 
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183. Waveform Analysis 

a. Waveforms may be observed at various 

test jacks and at other significant points in the 

circuits of Radio Set AN/TPS-1D. Oscillo- 

scope AN/USM-24C was used to take the 

waveforms illustrated in this manual. The 

time base used and the amplitudes of the wave- 

forms are given with the waveforms so that 

other types of oscilloscopes can be readily 

used. The normal waveforms that should be 

obtained at test jacks and at other significant 

points are shown on waveform illustrations 

which precede the respective main schematic 

diagrams for the indicating, transmitting, and 

signal comparing systems. Before comparing 

the waveforms with the normal waveforms, 

carefully read the notes on the waveform illus- 

trations and exactly duplicate the conditions 

under which the normal waveforms were ob- 

tained. 

b. A departure from the normal waveform 

indicates trouble between the point at which 

the waveform is observed to be normal and 

the point at which the waveform is observed to 

be abnormal. For example, if a waveform is 

observed to be normal at the grid and abnor- 

mal at the plate of the same stage, it is an 

indication that. trouble is in that stage. When 

trouble is indicated in a stage, replace the tube 

before making any further tests. If replac- 

ing the tube does not correct the trouble, take 

voltage and resistance measurements at the 

tube socket pins (par. 184). 

184. Voltage and Resistance Measurements 

a. Voltage and resistance measurements aid 

in determining circuit conditions and in evaluat- 

ing clues in the course of troubleshooting. 

Electronic Multimeter TS—505C/U and Multi- 

meter TS-352B/U were used to obtain the 

measurements in this manual. 

b. Compare the measured values of voltage 

and resistance with the normal values given 

in the voltage and resistance diagrams which 

immediately precede the respective main sche- 

matic diagrams. If possible use the same model 

of the multimeter with which the normal read- 

ings were obtained. Carefully read the notes 

on the diagrams and exactly duplicate the con- 

ditions under which the normal readings were 

obtained. 

c. Whenever it is necessary to measure volt- 

ages greater than 500 volts, observe the follow- 

ing precautions: 

(1) Shut off the power. 

(2) Discharge high-voltage 

with a shorting bar. 

(3) Connect the multimeter leads to the 

test points. 

(4) Step away from the multimeter. 

(5) Turn on the power. 

(6) Note the reading on the multimeter. 

(7) Turn off the power. 

(8) Discharge high-voltage 

with a shorting bar. 

(9) Remove the multimeter leads. 

capacitors 

capacitors 

185. Voltmeter Loading 

The voltage and resistance charts in this 
manual are based on readings taken with 

meters supplied with the test equipment. The 

ohms-per-volt sensivity setting used is printed 

on the charts. The troubleshooter should use 

a meter having the same ohms-per-volt sensi- 

tivity. The meter used in testing for the volt- 

age then produces the same amount of load- 

ing as the meter used to obtain the voltage 

measurements. If a voltmeter of lower sensi- 

tivity is used (for example, if a 1,000 ohms- 

per-volt meter is used instead of the required 

20,000 ohms-per-volt meter), the readings are 

likely to be lower than those given in the chart, 

readings in high resistance circuits may be 

much lower than the specified values. 

186. Current Measurements 

a. Current measurements, other than those 

indicated by the panel meters, are not ordi- 

narily required in troubleshooting the radar 

set. However, if current measurements are 

required, make use of the fact that in most 

cases the current flows through a resistance 

that either is known or can be measured with 

an ohmmeter. The current flowing in the cir- 

cuit can be determined by dividing the voltage 

drop across the resistor by the resistance value. 

Measuring the voltage drop across the cathode 

resistor is a convenient method of determining 

the cathode current. 

b. If it should be necessary to measure dc 

currents by inserting an ammeter in a circuit: 

(1) Always set the current range to the 

highest value; then, if necessary de- 
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crease the range to give a more accu- 

rate reading. Avoid working close 

to full-scale reading because this in- 

creases the possibility of overloading 

the meter. 

(2) Always insert the meter away from 

the rf end of the resistance. For ex- 

ample when measuring plate current, 

do not insert the meter next to the 

plate of a tube but insert it next to 

the end of the resistor that connects 

to the power source. This precaution 

is necessary to keep the meter from 

upsetting the RF voltages and to pre- 

vent damage to the meter. 

187. Resistor, Capacitor, and Tube Checks 

a. Normal Resistance Values. 

(1) When a fault develops in a circuit, it 

may be due to a change in the resist- 

ance values of the circuit. 

(2) To assist in the localization of such 

faults, troubleshooting data include 

the normal resistance values measured 

at the tube sockets and inductive com- 

ponents. These values are measured 

between the indicated points and 

ground, unless otherwise stated. 

b. Grid Resistance Measurement. When 

measuring grid resistance, a false reading may 

be obtained if the tube is still warm and the 

cathode is emitting electrons. Allow the tube 
to cool, or reverse the ohmmeter test leads so 

that the negative ohmmeter test lead is applied 

to the grid. 

c. High-Resistance Measurements. Many 

leakages do not show up when measured at 

low voltages. Most ohmmeters use a maximum 

test voltage of 15 volts on the highest resist- 

ance range. When it is necessary to measure 

resistance above 2 megohms or the leakage re- 

sistance between conductors of a cable or be- 

tween the terminals of a capacitor, the test 

should be made with applied voltage of 100 

volts or more. When it is possible to ground 

one end of the resistance being checked, one 

of the low-voltage power supplies in the equip- 

ment can provide 150, 300 or 450 volts for 

making these high-resistance measurements. 

The manner in which such measurements are 

made is indicated in d below. This method 

should be used only when the resistance being 
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measured is very high. Be careful not to touch 

exposed high-voltage points. 

d. High-Resistance Measurement Procedure. 

When making high-resistance measurements, 

use a meter having an ohms-per-volt sensitivity 

of 1,000 or more. The meter resistance is 

equal to the ohms-per-volt sensitivity multi- 

plied by the range to which the meter is set. 

Refer to figure 96 for the meter test hookup 

and the formula for finding the unknown re- 
sistance. When making the measurement, the 

meter should be put on a high-voltage range 

to protect it in case R, is very low. 

RESISTANCE 
BEING CHECKED 

Rm Rx 

a 300 R 
R m 

a Tiavlial, TMII67-35-278 

Figure 96. High-Resistance measurement. 

e. Capacitor Checks. 

(1) A capacitor that is suspected of being 

open can be found by temporarily 

shunting a good capacitor across it. 

A capacitor that is suspected of being 

leaky or breaking down, can best be 

found by disconnecting the lead which 

is connected to the lowest de potential 

and connecting a vacuum-tube volt- 

meter between the disconnected end 

and ground. The measured voltage is 

the result of the leakage current. 

(2) In RF and IF circuits, keep the leads © 

to the test capacitor as short as the 

original capacitor leads. 

(3) In video and low-frequency circuits 

(less than 1 mes), the test capacitor 

leads may be several inches long. A 

standard capacitor color code is shown 

in figure 206. 

f. Tube Checking. 

(1) Tube checkers are used to check tubes 

for shorts and operation under special 

test conditions. They cannot be used 

to test the performance of all high- 

voltage tubes or rectifiers or of some 



special tubes in the modulator and 

servo amplifier in the antenna base. 

(2) Results obtained from a tube checker 

are not always conclusive because the 

conditions are not the same as those 

under which the tube operates in the 

set. For this reason, the final test 

of a tube must be its replacement with 

a tube that is known to be good. 

(3) In many cases, it is quicker and more 

reliable to replace a suspected tube 

with a good one than to check it with 

the tube checker. 

188. Blown Fuses 

a. General. All fuses are connected in the 

ac lines and are located on power supply. 

When a blown fuse indicator on the power sup- 

ply is lighted, it is possible that the trouble may 

be in one of many parts of the radar set. The 

trouble can be sectionalized to a system com- 

ponent, or chassis, by using the ac distribution 

diagram (fig. 229), and following the direc- 

tions in b below. 

b. Location of Trouble. When a blown-fuse 

indicator on the power supply is lighted, re- 

place the fuse. If the replaced fuse blows, 

locate the fuse on the ac power distribution 

diagram (fig. 229) by using the parts location 

list on the figure. Sectionalize the trouble to 

a system by disconnecting all systems from 

the blown fuse except one; then reconnect the 

loads one at a time until the blown-fuse indi- 

cator lights again. The parts indicated on the 

diagram may be located on a chassis by refer- 

ing to paragraph 182 and the parts location 

information in the troubleshooting chapters. 

Two examples follow: 

(1) Replaced fuse F409 blows. 

(a) Pull the receiver-transmitter and 

the indicator slightly out of their 

cases so that interlock switches 

S504 and S603 are opened, and re- 

place F409. 

(b) If I 409 lights again, the trouble 

is in filament transformer T401, 

blower B401, Z501, or the intercon- 

necting wiring. These parts should 

be disconnected and checked indi- 

vidually. 

(c) If I 409 does not light, push the re- 

ceiver-transmitter into its case. A 

lighted I 409 indicates trouble in 

Z502. 

(d) If I 409 does not light after the 

receiver-transmitter is pushed into 

its case, push the indicator back 

into its case. If I 409 lights, the 

trouble is in plate transformer T402 

or associated parts. 

(2) Replaced fuse F405 blows. 

(a) Pull the signal comparator slightly 

from its case so that interlock 

switch $2355 is opened, and replace 

F405. 

(b) If I 405 lights again the trouble is 

in Z2351, T2350, $2352, or the in- 

terconnecting wiring. These parts 

should be disconnected and checked 

individually. 

(c) If I 405 does not light, the trouble 

is in C2350, B2350, or interconnect- 

ing wiring. 

189. Replacing Parts 

Careless replacement of parts often creates 

new troubles. When replacing parts, observe 

the following precautions: 

a. Before a part is unsoldered, note the posi- 

tion of the leads. If a part, such as a trans- 

former or a switch, has a number of connec- 

tions, tag each of the leads to make the proper 

connections when replacing the part. Be care- 

ful not to damage other leads by pulling or 

pushing them away. 

b. Parts that require much time and effort 

for replacement should be checked thoroughly 

before removal to determine that the fault is 

within the suspected part and not in the asso- 

ciated circuitry. 

c. After replacing an electrical component, 

check continuity before applying power. After 

replacing a mechanical part, manually check 

for free rotation before applying power. 

d. It is very important to make well-soldered 

joints. A carelessly soldered joint may create 

a new trouble and it is one of the most difficult 

troubles to locate. Be careful not to allow 

drops of solder to fall into the equipment be- 

cause they may cause short circuits. 

e. When replacing a part in an RF or IF 

circuit, place it in exactly the same position 

as the original part. A part which has the 

same electrical value but different physical 
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size may cause trouble in high-frequency cir- 

cuits. In such circuits, use the same type ca- 

pacitor for replacement and the same length 

lead because of the self-resonant frequencies 

of different brands of capacitors. When re- 

placing parts in high-frequency circuits, give 

particular attention to proper grounding; use 

the same ground as in the original wiring. 

Failure to observe these precautions when re- 

placing parts in high-frequency circuits may 

result in decreased gain or possibly in un- 

wanted oscillations. 

f. Whenever a part has been replaced, make 

any necessary adjustments and check the per- 

formance of the equipment to be sure that the 

original trouble has been remedied and that 

no new trouble has developed in the equipment 

as a result of the repair. 

g. Section III of each troubleshooting chap- 

ter gives the general precautions and directions 

that apply to the removal and replacement of 

parts within a system such as magnetrons, 

subchassis, deflection coils, etc. Disassembly 

and reassembly of mechanically complicated 

items such as gear trains, antenna drive mo- 

tors, etc., are described in chapters 20 through 

23. 

190. Selenium Rectifier Warning 

The failure of selenium rectifiers can result 

in the liberation of poisonous fumes and the 

deposit of poisonous selenium compounds. If 

a rectifier burns out or arcs over, the odor is 

strong. Provide adequate ventilation immedi- 

ately. Avoid inhaling the fumes and do not 
handle the damaged rectifier until it has cooled. 

191. Parts Substitution 

a. Do not substitute parts indiscriminately. 

Substitute only when all of the following con- 

ditions are satisfied: 

(1) The trouble has been isolated to a spe- 

cific stage. 

(2) The tube has been replaced. 

(8) A voltage or resistance measurement 

indicates that a particular part may 

be defective. In this case, check the 

part with one end disconnected from 

the circuit. 

b. When all other possibilities of trouble are 

ruled out, substitute a good part for the one 

that is suspected of being defective. 
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192. Intermittents 

a. If the operation of a component is inter- 
mittently faulty, the trouble may be difficult 

to locate when the component is functioning 

normally. Such troubles can often be found 

by lightly tapping each part in the suspected 

stage or portion of the component with a non- 

metallic pencil or insulated rod and, at the 

same time, watching the indicator screen or 

meter. If the screen or meter indication re- 

mains normal, repeat the tapping process at 

adjoining stages until the normal indications 

change. 

b. Following is a list of faults which may 

cause intermittent operation: 

(1) Defective controls. 

(2) Loose connections. 

(3) Poorly soldered joints. 

(4) Cracked resistors. 

(5) Defective tubes. 

(6) Grit, lint, dust, or moisture between 

the plates of a variable capacitor. 

(7) Dirty, fractured, or imperfect insula- 

tors. 

(8) Dirty or corroded fuse holders, tube 

sockets, relay contacts, or cable con- 

nectors. 

(9) All parts, especially resistors, that 

may be cracked, blistered, bulged, 

charred, burned, or contain other simi- 

lar defects. 

193. Cable Check and Repair 

a. Continuity. When measuring for con- 

tinuity, the ohmmeter leads sometimes are not 

long enough to be connected to both ends of 

the cable. The following procedure is given 

as a convenient method of determining the con- 

dition of each conductor of a multiconductor 
cable or an RF cable. 

(1) Place a resistor of known value 

- (50,000 ohms or more) from the con- 

ductor at one end of the cable to 

chassis ground. 

(2) Use an ohmmeter to measure the re- 

sistance between the cable conductor 

and chassis ground at the other end 

of the cable. 

Note. The cable that is being checked 

may include the conductor which grounds 

the chassis to the equipment common ground. 

In this case, connect the 50,000-ohm resistor 

between the conductor being checked and 



the common ground conductor at one end of 

the cable. At the other end of the cable, 
connect the ohmmeter between the conductor 

being checked and the common ground con- 

ductor. 

(3) If the meter indicates approximately 

50,000 ohms, the conductor has con- 

tinuity. 

(4) If the meter indicates infinite resist- 
ance, the conductor is open. 

(5) If the meter indicates zero resistance, 

the conductor is shorted to ground. 

(6) If the meter indicates much less than 

50,000 ohms, but not necessarily zero, 

the conductor has a de leakage path 

to ground. 

b. Repair. A damaged cable connector can- 

not be repaired; it must be replaced. Splicing 

of broken multiconductor cables is accom- 

plished by placing a male connector on one 

end of the break and a female connector on 

the other end. The cables are then joined by 
mating the two connectors. The procedure for 

attaching connectors to cable ends is given in 

paragraphs 194 through 200. 

194. Repair of Multiconductor Cables 
(fig. 97) 

a. General. Army-Navy specifications rec- 

ommend the removal of size 0, 4, and 8 contacts 

during soldering operations. The extreme 

heat required in soldering these large contacts 

might tend to damage or break down the effi- 

ciency of the dielectric material. Some con- 
nectors, containing heavy contacts, are con- 

structed so that the contacts may be soldered 

to the wires while both insulating disks (inside 
the connector body) are removed. Most con- 

nectors are constructed so that the connector 

contacts must be inserted through the inner 

insulating disks before the wires are soldered 

to the contacts. Other connectors are made 

so that the contacts are permanently joined 

to the insulating disk. 

b. Fabrication of Cable. 

(1) Remove the cable covering to a length 

of 114 inches for the straight type of 

connector, or 25 inches for the 90° 

angle type. 

(2) Strip 14, inch of insulation from each 

wire. 

(3) Tin the tip of each conductor to 4 

inch. 

(4) Assemble the clamp, washers, back 

shell, coupling ring, and bushing or 

grommet on the cable as shown in 

figure 97. 

(5) Put vinyl sleeving on each lead; the 

diameters used must be of the proper 

size to fit snugly over the connector 

contact. 

(6) Solder the wires to the connector con- 

tacts; attach larger wires, and wires 

going to the center contacts first. 

(7) Slide the vinyl sleeving over the con- 

nector contacts. 

(8) Turn the back shell (A, fig. 97) or 

the rear coupling ring (B), whichever 

is applicable, onto the connector body. 

(9) Attach the back shell to the coupling 

flange (if the angle-type connector is 

being used). 

(10) Turn the clamp (with washers in 
place) onto the back shell. 

(11) Assemble the clamp and bushing or 

grommet (when used). Be sure the 

bushing or grommet is over the cable 

covering and under the edge of the 

clamp before tightening the clamp 

screws. The clamp should never be 

tightened on wires stripped of cable 

covering. 

195. Repair of Electrical Special Purpose 
Cable Assembly CX-—1999/U (W4) 

(fig. 98) 

a. Cut the end of the cable and remove 4 

inches of the outer covering. 

b. Cut the colored braid of the subgroups 

and coaxial (coax) leads back to 14 inch from 

the outer covering and tape the ends of the 

colored braid to prevent unraveling (B, fig. 98). 

c. Cut the GRN (WHT) leads 314 inches 
from the outer covering. 

d. Cut the coax leads 3 inches from the outer 

covering. 

e. Break the shields of the GRN (WHT) 

leads in the black, orange, white, and blue 

groups 214 inches from the end and cover the 

pigtails with 234 inches of vinyl impregnated 

glass fiber sleeving, leaving 14 inch exposed 

(C, fig. 98). 
Note. The diameter of sleeving used in the fabrica- 

tion of the cable must be of the proper size to fit snugly 

over the connector contact. 
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Figure 97. Repair of cable using AN-type connectors. 

f. Strip the shields of the GRN (WHT) inches from the end, and cover the pigtails 

leads in the red and green groups 2 inches with 21, inches of vinyl] sleeving. 

from the end, leaving no pigtail. h. Strip 14 inch of dielectric from each of 

g. Break out shields of the coax leads 2 the single conductors. 
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1. Tape the coax and GRN (WHT) leads 

(C, fig. 98). 

47. Put the shell of the connector and cou- 

pling nut on the end of the cable (D, fig. 98) 

and slide 14 inch of plastic vinyl sleeving over 

all single leads except coax shields and leads 

to pins 12 and 44 (A, fig. 98). 

k. Slide 1% inch of plastic vinyl sleeving over 

the shields and conductors which connect to 

pins 12 and 44, and on the center conductors 

of the coax leads. 

I. Slide 14 inch of plastic vinyl sleeving over 

the group of three shields from the coax leads. 

m. Solder the leads to the connector insert 

according to detail A, figure 98, starting with 

center pins, and slide the sleeving over the 

soldered connections. 

mn. Apply a plastic base cement (Plasgon) 

generously to the cable entrance groove at the 

front of the shell and assemble the shell and 

coupling nut to the insert. 

o. Clamp the cable to the shell so that the 

end of the outer covering is approximately 1/16 

inch beyond the inside wall of the connector. 

». Apply a plastic base cement generously 

to the cable entrance at the rear of the shell 

and the edges of the connector cover and at- 

tach the end bell and clamp to the connector 

shell. Wipe excess cement with denatured 

alcohol. 

196. Maintenance of RF Cable Assembly 
CG—900/U (RF 854) 

(fig. 99) 

a. Generally, two different types of break- 

downs occur in this cable assembly (RF Cable 

Assembly. CG-—900/U). One type of break- 

down occurs as a result of poor electrical con- 

nection of the connectors with the adjoining 

sections of transmission line. This type is 

most common, and is evidenced by burning of 

the contact surfaces of either or both the inner 

and outer conductors. 

b. This burning will not occur, provided good 

electrical connection is made around the entire 

circumference of both the inner and outer con- 

ductor. The mating surfaces of the outer con- 

ductor must be in contact at the inside edge 

of the contact surface, otherwise arcing can 

start. Once such arcing has started, it can- 

not be corrected without replacing both mating 

sections of transmission line. Note that the 
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cleaning of any burned areas with any abra- 
sive will alter the shape of the contact surface 

and arcing will continue, at least as bad, prob- 

ably worse than before. 

c. A damaged bullet connector can be re- 

placed in the cable assembly, but it would be a 
useless expense when the mating female con- 

nector of the adjoining line section is burned. 

d. The only method of correcting a burned 

contact surface of a connector body is to re- 

place it with a new one. If a connector body 

is burned, then the mating line section is 

burned and must also be replaced. These parts 

are expensive, and more important, are at times 

difficult to obtain. Therefore, all possible pre- 

cautions must be taken at the outset to prevent 

damage. 

Note. If the connector body of RF Cable Assembly 

CG-900/U is damaged, the complete cable assembly 
must be replaced, since the connector body cannot be 

requisitioned separately. A new section of flexible 

cable, specially processed to fit the connector, can be 

requisitioned separately. 

e. A few rather simple precautions can aid 

in preventing damage of this type. The two 

most important are: Be extremely careful 

to prevent denting or other damage to the con- 

tact surfaces, and make sure the couplings are 

tight when the cable is installed. Also, prior 

to installation, clean the contact surfaces with 

a good solvent (do not use an abrasive), and 

keep the neoprene gaskets in place to prevent 

moisture from entering and causing corrosion. 

After cleaning, wipe with a lint-free cloth to 

remove any film caused by cleaning. 

f. The second type of damage to the cable 

is that caused by excessive standing wave ratio, 

and is evidenced by arcing between the inner 

and outer conductors of the line. A properly 

installed RF transmission system with all com- 

ponents in good condition will not have an ex- 

cessive standing wave ratio. Note, however, 

that an excessive standing wave ratio can be 
caused by any fault in the entire RF system, 

from an improperly seated magnetron to de- 

fects in the antenna system. 

g. A common point of arcing due to exces- 

sive standing wave ratio is at the connectors. 

This arcing often takes place through the di- 
electric of the cable at the point where the 
tapered inner surface of the connector ends in 

a small, sharp-cornered shoulder of the con- 

nector body. The bullet connector ends ap- 

pee ==> 



proximately even with this shoulder, and also 

forms a sharp edge plus several sharp points 

formed by the contact fingers. The tendency 

for an electrical discharge to take place at 

sharp edges rather than on smooth surfaces 
causes this point to break down. 

h. One very critical point, insofar as the pro- 

duction of standing waves is concerned, is the 
coupling between the cable assembly and its 

mating sections of rigid coax. The fittings on 

the ends of RF Cable Assembly CG-900/U are 

constructed to form impedance matching sec- 

tions between the diameters of the conductors 

and polystyrene dielectric of the cable (RG— 

19/U), and the diameters of the conductors 

and the air dielectric of the rigid coax sections. 
In this matching section, the outer conductor 

diameter is tapered from 1.028 to 1.527 inches 

+.002 inch, the inner conductor is tapered 

from .300 to .625 inch, and the polystyrene is 

tapered to zero, all in a manner that maintains 

a constant impedance throughout the entire 

section. The tapers of the outer and inner 

conductors are fixed, being formed by the 

inner wall of the coupling section and the rear 

portion of the bullet connector respectively. 

The taper of the dielectric, however, is formed 

in the process of installing the fitting on the 

cable, and if improperly shaped, can seriously 

affect the characteristics of the matching sec- 

tion. 
i. Two additional points in this fitting must 

be given special consideration to prevent exces- 

sive standing wave ratio: The distance the 
center conductor bullet connector protrudes 

from the front of the outer shell of the fitting 

(A, fig. 99), and the electrical connection be- 
tween the braid of the RG-19/U and the shell 

of the connector (B, fig. 99). 

197. Repair of RF Cable Assembly 
CG—900/U (RF 854) 

(fig. 99) 

The following is a prescribed method of re- 
pair of RF Cable Assembly CG—900/U when 

replacing a defective cable or connector. This 

repair should not be done below 5th echelon. 

a. Equipment and Tools Required. 

(1) Sharp knife. 
(2) Diagonal cutting pliers. 

(3) Screwdriver for No. 6-32 screw. 

(4) Silicon sealing compound (Dow Cor- 

ning No, 4, FSN 5970-224-5276). 

(5) Strap wrench. 

(6) Bench vise (6-inch jaws minimum). 
(7) Spanner wrench (D, fig. 99). 

b. Removal of Cable Connector. 

(1) Make sure the special processed cable 

(A, fig. 99) is straight for at least 1 

foot from both ends. 
Note. Do not bend or coil the cable at 

any time to more than 1 turn (minimum 

diameter of approximately 30 inches). 

(2) Insert the cable in the bench vise be- 

hind the processed end. Use a pro- 

tective cover on the cable to prevent 

any damage to the outer jacket. 
Note. Do not attempt to process raw 

RG-19/U cable for use in RF Cable Assem- 
bly CG—900/U without separate specific in- 

structions. Each dimension is measured with 

critical tolerances and special tools are re- 

quired. 

(3) Disassemble the connectors from each 

end of the defective cable assembly 

and inspect all of the disassembled 

parts for worn, burned or pitted plat- 

ing, corrosion, dents, and any other 

damage that may cause a malfunction. 

Remove the connector (A, fig. 99) as 

follows: 

(a) Remove the 8-32 by 14-inch screw 

from the center of the bullet con- 

nector, and remove the bullet con- 

nector. 

(b) Loosen the armor nut and slide it 

back on the cable. 
(c) Loosen the rear locking ring with 

the spanner wrench and slide it 

back on the cable. 
(d) Slide the washer and gasket back 

on the cable. 

(e) Loosen the inner locking ring with 
the spanner wrench. 

(f) Remove the connector body. 

(g) Remove the sealing ring. 

c. Replacement of Connector. Following is 

the procedure for replacing a connector on the 

specially processed cable. 

(1) Cut back the cable jacket (B, fig. 99). 

Note the critical dimensions. 

(2) Slide the armor nut, rear locking ring, 

washer No. 1, gasket, and inner lock- 

ing ring on the cable. 

(3) Slide washer No. 2 over the braid and 
trim the braid to the outer edge of 

the washer. 
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(4) 

(5) 
(6) 
(7) 

CABLE 
TAG 
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Coat washer No. 2 and the sealing 

ring with sealing compound. 

Slide the sealing ring over the cable. 

Slide the connector body on the cable. 

Turn the inner locking ring into the 

connector body and tighten with the 

spanner wrench. 

Note. Hold the connector body with the 

strap wrench and make sure that the locking 

is as tight as possible. 

(8) Insert washer No. 1 and the gasket, 
and tighten the rear locking ring. 

(9) Tighten the armor nut. 
(10) Insert a small amount of the sealing 

compound into the tapered hole of the 

cable dielectric and push the bullet 

connector in position. Install the 6-32 

by 14-inch screw. 
After the assembly, check to see that 

the bullet connector protrudes not 
(11) 
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Figure 99. Repair of RF Cable Assembly CG—900/U, part 2. 
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(12) 

(13) 

(14) 

(15) 

more than .614 inch or less than .574 

inch from the edge of the outer shell 

(A, fig. 99). 
Note. These dimensions are critical. 

Before loading the grease gun with 

sealing compound, clean the gun, tub- 

ing, and tee section carefully to re- 

move any grease. 

Assemble the grease gun, tubing, 

bushing, and gage (C, fig. 99). 

Load the grease gun with sealing 

compound; be careful to eliminate 

air pockets. Pump sealing compound 

out of the tapered bushing until all 

traces of air and dirt are gone. 

Be sure the cable is free of metal 

chips, dielectric shavings, dirt or any 

other foreign material before cable 

taper loading is begun. If moisture 

is present, allow enough time for its 

complete evaporation before begin- 

(16) 

(17) 

(18) 

ning the sealing compound loading 

operation. 

To load the cable with sealing com-— 

pound, insert the tapered bushing over 

the cable center conductor and push 

in until it rests at the bottom of the 

cable taper. 

Hold the tapered bushing and cable 

together, and pump the gun. The two 

should be held together with enough 

force so that 400 pounds per square 

inch is developed. 

After injecting some sealing com- 

pound at this pressure, let the cable 

ride slowly off the tapered bushing 

by using a pumping-out method. 

This is to let the sealing compound 

being pumped into the cable taper to 

push the cable off the tapered bush- 

ing as the cable taper fills up with 

sealing compound. This should con- 

Wi 
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—_—— i 
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CABLE DIELECTRIC 

CONNECTOR BODY 

Cc TMII67-35-282 

Figure 100. Repair of RF Cable Assembly CG-948/U. 



tinue until the cable taper is com- 

pletely filled. A smooth change from 

the 400-pounds per square inch con- 

dition to the low-pressure pumping- 

out operation should be achieved. 

This will completely fill the cable taper 

without allowing air pockets to form. 

It is important that the initial injec- 

tion of sealing compound into the 

cable taper be made at 400 pounds 

per square inch pressure. 

198. Testing of RF Cable Assembly 
CG—900/U 

After the cable has been completely assem- 

bled and loaded with the sealing compound, the 

cable should be tested before it is used on an 

operating radar set. The following tests are 

recommended: 

a. A voltage standing wave ratio (vswr) 

test as outlined in paragraph 266 for the RF 

transmission system. 

b. An operating heat test as outlined in Sig- 

nal Corps Repair Standard for Radio Set AN/ 

TPS-1D. 

199. Repair of RF Cable Assembly 
CG-—948/U (W2) 

(fig. 100) 

a. Remove the cable covering and cable 

shield to the dimensions shown in A, figure 

100. Do not cut through the cable dielectric. 

b. Remove 14 inch of dielectric and tin 44 

inch of the center conductor. 

c. Slide the nut, washer, and gasket over 

the cable (B, fig. 100). 
d. Slide the sleeve of the ferrule between 

the shield and dielectric. 

e. Solder the shield to the ferrule. 

f. Solder the. contact to the center conductor ; 

be sure that the contact is flush against the 

dielectric. The end of the dielectric should be 

clean and the outside of the contact should be 

free of solder. 

g. Push the end of the cable into the con- 

nector body so that the center conductor con- 

tact enters the hole in the body insulator. 

The face of the ferrule should fit flush against 

the body insulator. 
Note. Use Dow Corning DC4 sealing compound on 

the dielectric to facilitate insertion into the connector 

body. 

h. Slide the sleeve up to the body and tighten 

it. 
i. Slide the gasket, washer, and nut up to the 

sleeve and tighten. 

200. Repair of Cable Using RF Plug 
UG—18B/U 

(fig. 101) 

a. Remove 14 inch of cable covering (9/16 

inch if a double shield is used). Do not cut 

the cable shield. 

FT Ur aa Ghee VE LR RO ONG 
s &sy Se ey 
“eae 

WASHER GASKET 

NUT CLAMP 

OT TTT 

201 

BODY BODY 
INSULATOR 

TM1167—35- 283 

Figure 101. Repair of cable using RF Plug UG-18B/U 
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b. Comb out the copper braid, remove 1, 

inch of dielectric, and tin about 14 inch of the 
center conductor. 

c. Slide the nut, washer, and gasket over 

the cable. Slide the clamp over the braid so 

that the shoulder of the clamp is flush against 

the end of the cable covering. 

d. Push the braid back over the clamp and 

trim. 

e. Solder the contact to the center conductor. 

Section II. 

201. Tools Supplied With Radio Set 
AN/TPS—1D 

A complete list of tools supplied with Radio 

Set AN/TPS-1D is given in TM 11-1167-10. 
These tools are used mainly during the installa- 

tion of the radar set. Some of these tools, 
needed for field and depot maintenance, are 

described below: 

a. Strap Wrench. This wrench used to turn 

the knurled fittings of the RF Cable. 

b. Leveling Rod. This rod used to adjust 

the antenna leveling jacks. 

c. Magnetron Tool. This tool is used to 

turn the ring nuts on the magnetron output 

connector fitting for the purpose of removing 

or replacing a magnetron or the RF fitting 

from the chassis. 

d. Mirror Assembly. This assembly is 

clamped around the bezel of the A-scope to 

facilitate adjustment of parts located at the 

rear of the indicator and local alinement of 

signal comparing system for mti operation. 

202. Additional Tools Required 

The following tools are not supplied with, 

but are required for, field and depot mainte- 

nance of Radio Set AN/TPS-1D. 
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Avoid the use of excessive heat or solder; be 

sure that the contact is flush against the dielec- 

tric. The end of the dielectric should be clean 

and the outside of the contact must be free 

from solder. 

f. Slide the body onto the cable so that the 

cable dielectric is flush against the body in- 
sulator. 

g. Slide the gasket and washer into the body 

by pushing the nut, and tighten the nut. 

TOOLS AND TEST EQUIPMENT 

Quantity Tool 

1 Tool Equipment TE-113.* 

1 Tool Equipment TE-114.* 

1 Grip type nozzle grease gun. > 

1 Shorting bar (FSN 6625-510-1841).°¢ 

® The tools and materials contained in TE-113 and TE-114 are 

listed in Department of the Army Supply Manuals SIG 6 TE-118 

and SIG 6 TE-114. 

> Used at the alemite hydraulic fittings in Antenna Base AB-221/ 

TPS-1D. 

¢ Used to ground high-voltage circuits after power has been 

removed. 

203. Test Equipment Supplied With 
Radio Set AN/TPS—1D 

Test Set TS-172A/UP (TM 11-1262) is sup- 

plied with the radar set to check the frequency 

of the transmitter and local oscillator and 

relative performance of the radar set. 

204. Additional Test Equipment Required 
The following items of test equipment are 

not supplied with, but are required to maintain 

Radio Set AN/TPS-1D. All test equipment 

items listed are the latest models of the equip- 

ment. The chart also lists’the literature that 

covers each item and gives a brief description ~ 

of the use of each item. 



Test equipment Literature 

Multimeter TS-352B/U *, or ME-77/U °4________-_ 
Electronic Multimeter TS—505C/U*______________ 

Electron Tube Test Set TV-7B/U°_____________- TM 11-5083 

Oscilloscope AN /USM-24C »s, or AN/USM-50°____}| TM 11-5103 

TM 11-5129 
Tube Socket Adapter Kit MX-1258/U>_________- Packed with 

equipment. 
Crystal Rectifier Test Set TS-268E/U>___________ T™ 11-1242 
Dummy Antenna TS-235/UP>__________________ TM 11-1093 

Dummy Load TS—234/UP®____________.__-_...- TM 11-1263 

Muxmeter nono /AP be 22 te. a a TM 11-2559A 

Frequency Meter TS-328B/U>, or Test Set, Power | Packed with 

Electrical TS—934/U. > equipment. 
Motor Generator PU-20B/C?___________________ TM 11-978 

Power Supply PP-674/TPS-1D>________________- This manual. 

Pulse Generator Set AN/UPM-15»______________ TM 11-1177 

Range Calibrator TS—573/U>______-___________-- TM 11-1228 

Signal Generator AN/URM-64>e________________ TM 11-5553 

Signal Generator TS-497B/URR?_________-______- TM 11-5030 
Signal Generator TS—452C/U »_______-___-------- TM 11-2695 

Summation Bridge AN/URM-23>______________- TM 11-5128 

Variable Power Transformer TF-171/USM>_______| TM 11-1250 

INdantermUG 2h 2) Uibee si 22 oe, 2 SBOE es bo Oe 

Slotted: line EM-92/Uib 222 bak eee TM 11-5109 

Standing Wave Ratio Indicator IM—97/USM-37>__|________-_-_-- 

* Supplied with Test Set AN/GPM-1 (TM 11-1080A). 

»b Supplied with Test Set AN/MPM-23 (TM 11-1250 and SB 11-154). 

¢ Supplied with later Test Set AN/GPM-1. 

Use 

TM 11-5527A | To make voltage and resistance measurements. 

TM 11-5511A | To make voltage measurements of high-resistance circuits. 

To check tubes. 

To observe waveforms. 

To provide a means for making tube socket measurements 

conveniently on the top of the chassis. 

To permit rapid qualitative tests of RF crystal rectifiers. 

To terminate the RF transmission line for test purposes. 

To terminate the modulator for test purposes. 

To measure the magnetic flux density of the magnetron 

magnet. 

To check line frequencies in the range of 380 to 420 cps. 

To convert the line voltage from 60 cps to 400 cps for 
bench testing the radar set components. 

To provide the necessary operating voltages for bench 

testing components of the radar set. 

To provide a sync pulse to the components of the radar set 

or to the test equipment for bench testing components 

of the radar set. 
To provide a means of accurately adjusting or checking 

the fixed range markers of the radar set. 

To measure the VSWR of the RF line, and to aline the 

local oscillator. 
To provide RF test signals over a range of 2 to 400 me. 

To provide sweep frequency signals for alinement of the 

9- and 60-mce amplifiers. 

To provide a means of measuring the average RF power 

output of the radar set. 

To age the magnetron, and vary the line voltage when 

bench testing components of the radar set. 

To interconnect Slotted Line IM-92/U and the RF 

component under test. 

To measure the vswr of the RF lines. 

To give a direct indication of the vswr of the component 

under test. 

4 Also supplied as part of Multimeter URM-—105 which includes transit case and accessories. 

€ Includes Signal Generator TS—419/U, transit case and accessories. 
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CHAPTER 11 

TROUBLESHOOTING BASED ON STARTING PROCEDURE 

205. General 
The troubleshooting based on starting pro- 

cedure aids in detecting abnormal operation of 

the radar set and in locating faulty parts that 

cause abnormal operation. 

a. The troubleshooting chart based on start- 

ing procedure (par. 210) is intended to make 

it possible to: 

(1) Sectionalize trouble to a particular sys- 

tem of the equipment, such as the 

receiving system or the indicating 

system. 

(2) Localize trouble to a major compo- 

nent when a system has parts in more 

than one major component; for ex- 

ample, parts of the receiving system 

are in the receiver-transmitter and 

parts are in the signal comparator. 

(3) Isolate trouble to a particular part if 

it is a part of the ac power distribu- 

tion and control system. 

b. Before using the troubleshooting chart 

based on starting procedure, perform the pre- 

liminary checks, adjustments, and control set- 

tings given in paragraph 209. 

c. A separate step-by-step troubleshooting 

chart that can be used to troubleshoot the 
+27-volt de power distribution is given in 

paragraph 211. 

206. Reference Data 
The following data will be helpful when 

using the troubleshooting chart based on start- 

ing procedure. 

Reference Data 

Fig. 52, TM 11-1167-10___} Interunit cabling diagram. 

Fig. 40, TM 11-1167-20_._| AN/TPS-1D, complete block 

diagram. 

FG 20 < oct ccaeeo ee External cabling diagram. 

Fig? 220 oo ee See Ac power distribution, sche- 

matic diagram. 

Pigi2slisi oo +27-volt dc power distribu- 

tion, schematic diagram. 

Vig. 200 cn 26 laa 2 eke Heater power distribution, sche- 
matic diagram. 

Par 20 (to cnen ee ee Fuses and interlocks. 

Pars. 155 through 167 __-_-- Theory of circuits in the ac 

power distribution and con- 

trol system. 
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207. Fuses and Interlocks 
The distribution of 115-volt, 400-cycle ac 

power to the equipment is controlled by 16 

fuses, located on the front panel of the power 

supply, and interlocks, located on individual 

units. 

a. The following table gives a summary of 

the fuses used, their current and voltage rat- 

ings, and the circuits that are protected by 

each fuse. Each fuse has a blown fuse indi- 

cator that glows when the fuse burns out. 

The blown fuse indicator has the same symbol 

reference designation number as the fuse for 

which it indicates. The locations of all fuses 

and blown fuse indicators are called out in 

figure 173. 

Caution: Always replace a blown fuse with 

one that has the same rating. If a replace- 

ment fuse blows, do not install another fuse 

until the trouble has been remedied. 

Rating 

fig. 229 ; Circuit protected 

Servicing outlets (when ra- 
diating). 

F402" | 250| 1.6 | A-3 | CR402, C407, K402. 
F403" | 250| 4 A-16 | B501, T501, T504, T503. 
F404" | 250| 6.25 | A-21 | T605, B602, B601, B752. 
F405" | 250] 1.6 | A-5 | B2350, T2350. 
F406* | 250 | 6.25 | A-23 | B755, B702, T701, T702, 

CR701, B701, T403. 
F407* | 250 3 | B-19 | T604, I 610. 
F408 | 250 | 15 A-26 | T704. 
F409" | 250| 6.25 | A-13 | T401, B401, I 417, I 501, 

I 502, T402. 
F410 250 | 6.25 | A-8 T101, Bl51, T152, T153, 

I 151, I 152, I 153. 
fp t-} Bee 
All system power. 

All system power. 
F414 2002) 305) Baca All heaters. 

F415 20071 30 ee eee ee All heaters. 

F416" | 250 | 6.25 | A-1 Servicing outlets (when not 

radiating). 

® Time lag type fuse. 

b. The following chart lists the interlocks 

in the radar set. The chart also gives the 

operation, function, and a disabling procedure 



for each interlock. All interlocks, if defeated, 

are restored to their normal position when the 

unit is replaced into its case. 

Warning: The primary function of the 

interlocks is to protect personnel against in- 

jury from voltages greater than 500 volts. 

When an interlock is disabled (or defeated), 

observe the following: 

(1) Avoid personal contact with all parts 
as carefully as if you were servicing 

a piece of rotating machinery with 
the safety guards removed. 

‘Interlock 

$153 (fig. 107). 

$151 (fig. 107). 

$402 (fig. 177). 

$504 (fig. 125). 

$603 (fig. 158). 

S701 (fig. 164). 

$2355 (fig. 144). 

Operation 

Opens when the modu- 

lator is pulled from its 
case. 

Closes after S153 opens. 

Opens when the power 

supply is pulled from 

its case. 

Opens when the receiver- 

transmitter is pulled 

from its case. 

Opens when the indicator 

is pulled from its case. 

Opens when the servo 

amplifier is pulled out 
from the antenna base. 

Opens when the signal 

comparator is pulled 

from its case. 

(3) 

(4) 

cuit. 

Function 

S153A (fig. 229) opens the 115-volt ac 

power circuit to modulator high- 

voltage warning lightsI 151,I 152, 

andI 153. 
$153B (fig. 231) opens the delay +27- 

volt circuit to radiate relay K152. 

Discharges high-voltage capacitor C153 

(fig. 106). 
S402A (fig. 229) opens the 115-volt ac 

power circuit to high-voltage warn- 

ing light I 417. 

S402B (fig. 229) opens the 115-volt ac 

power circuit to T402 (which supplies 

power to the +450-, +300-, +150-, 

and —150-volt power supplies and 
indicator high-voltage transformer 

T604. 
S$504A (fig. 229) opens the 115-volt ac 

power circuit to high-voltage warning 

lights I 501 and I 502, plate sup- 

ply transformer T402 (which supplies 

power to the +450-, +300-, and 

—150-volt power supplies), and to 

indicator high-voltage transformer 

T604. 
S504B (fig. 231) opens the delayed 

+27-volt de circuit to radiate relay 

K152. 
$603 (fig. 229) opens the 115-volt ac 

power circuit to plate transformer 

T402 (which supplies power to the 

+450-, +300-, +150-, and —150- 
volt de power supplies) and to indi- 
cator high-voltage transformer T604. 

S701 (fig. 229) opens the 115-volt ac 
power circuit to thyratron plate 
transformer T704 so that the antenna 

cannot be rotated unless the inter- 

lock is defeated or the servo amplifier 

pushed back into the antenna base. 

$2355 (fig. 229) opens the 115-volt ac 

power circuit to blower motor B2350. 

(2) Do not permit any part of your body 

to make direct contact with ground. 

Make a habit of keeping both hands in 

your pocket or behind your back when 

making observations 

high-voltage circuits. 

To make a high-voltage measurement, 

follow the procedure outlined in the 

system troubleshooting chapter cov- 

ering the particular high-voltage cir- 

of energized 

Defeating procedure 

Hinge the interlock defeating lever so 

that the lever is at right angles to the 

side of the chassis. 

The above procedure defeats both $151 

and $153. 

Snap INTERLOCK SHORTING 
SWITCH 8404 which is located.on the 
top left corner of chassis. 

The above procedure defeats 

$402A and S402B. 

both 

Push in on the roller end of the S504 

rocker arm (accessible through the 

opening in the upper right side of the 

chassis) and press the locking pin on 

the opposite end of the arm. Then 

release the roller end of the rocker arm 

and release pressure on the rocker arm 

pin. 

The above procedure defeats both S504A 

and §504B. 

$603 is located on the rear upper left 
edge of the chassis. Pull outward on 

the interlock pin after centering the 

pin in its bracket. A tapered recess in 

the pin holds the pin in the outward 

position (fig. 158). 

$701 is located at the rear of the servo 

amplifier. Push in on the roller end of 
the S701 rocker arm, press the locking 

pin on the opposite end of the arm, ~ 

release the roller end of the rocker 

arm, and then release pressure on the 

rocker arm pin. 

Blower not necessary when signal com- 

parator is out of case. 

193 



208. Test Equipment Required 

The following items of test equipment are 

required for troubleshooting Radio Set AN/ 

TPS-1D, using the troubleshooting chart based 

on starting procedure. 

Test equipment 

Test Set TS-172A/UP 

Multimeter TS-352B/U, or ME-77/U 

Electron Tube Test Set TV—-7B/U 

Frequency Meter TS-328B/U, or 

Test Set, Power Electrical TS—934/U. 

Crystal Rectifier Test Set TS—268E/U_-_-_-------------------- 

DummyAntennayls—250/.U see eee ee ee eee 

Dummy Load TS-234/UP 

209. Preliminary Checks and Control 
Settings 

Before using the troubleshooting chart based 

on the starting procedure, perform the pre- 

liminary checks and settings of controls and 

switches listed in the chart below. 

a. Additional damage will be caused if power 

is applied to equipment in which a complete 

or partial short circuit exists. When any of 

the following conditions apply, check for short 

circuits before applying power to the equip- 

ment. 

(1) A replaced fuse has blown. 

(2) Smoke observed coming from a com- 

ponent. 

(3) Overheated parts observed or smelled. 

(4) A defective component being serviced 

apart from other components of the 

radar set and if the nature of the 

trouble is not known. 

(5) Abnormal symptoms reported from 

operational tests indicate possible 

partial or complete short circuits. 

b. Check with the operator for indications of 

the location of trouble. 

c. Check the cabling of the radar set (fig. 

52, TM 11-1167-10) to see that all plugs are 

tightly connected to their jacks. 
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Oscilloscope AN/USM-24C, or AN/USM-50_____-_-----_-_-- 

Common name Literature 

Bie ee Ceti eee Echo box.________--| TM 11-1262 

Ee oe Oscilloscope___-___--| TM 11-5103 

TM 11-5129 
epee Cees Multimeter_____._._| TM 11-5527A 

aioe SE ae Tube tester___.______| TM 11-5083 

Frequency meter_---| Packed with equipment. 

Frequency meter_-_-_-_| Packed with equipment. 

Sree oy een Crystal checker_-____| TM 11-1242 

BS Ace aoe Dummy antenna____| TM 11-1093 

a ae Ta eee Dummy load_-_-___._| TM 11-1263 

d. Make sure all units that contain inter- 

locks (par. 2076) are pushed into their cases 

so that the interlocks are closed. 

e. Connect the echo box to J501 on the re- 

ceiver-transmitter. 

f. Set the following switches and controls 

to the positions indicated: 

Switch or control Position 

TRG GE RAS U5 2 aes eee eee EXTERNAL. 

SWITCH ANT. BLOWER 8401_-__-_-_--- OFF. 

TEST SELECTOR S506______________- OFF. 

Salety 6 (oases: Saeee = ene ON. 

TEST SELECTOR 82353 OFF. 

OPERATION SELECTOR 82354______- REMOTE 

POWER S00222 352 5 = eee = oe ee eee OFF 

A RANGE SELECTOR._-______---_---- 20 

PPI RANGE SELECTOR. ---___--.---- 20 

OPERATION S60 toss. oes = eee NORM 

ANID T GAMES GO feccs sete eee OFF 

RANGE MARKS MILES S608________- OFF 

ANG EUNINVAG RY © GACT His ere see er 0. 

RE CHLVRR GAT Ngee eee 2 ee eee eee Midposition. 

DIMMER control R2617__.______-_-__- Fully counter- 

clockwise. 

A-SCOPE VIDEO GAIN__-____---_---- Midposition. 

PRP VEDEO GAIN. 2 ee. 5 ee ere Midposition. 

RANGH SMR OB E2222 soa ae eee Fully clockwise. 

eit 



210. Troubleshooting Chart Based on Starting Procedure 

Deen 

1 | Follow the directions in TM 

11-919 to start Power 

Unit PU-107. 

2 | Set the 400 CYCLE CIR- 
CUIT BREAKER on the 
power unit to ON. 

3 | Set POWER switch S602 to 

ON and wait for comple- 

tion of 5-minute time 

delay. 

Normal indications 

Power unit voltmeter reads 

between 120 and 126 volts 

ac and power unit fre- 

quency meter reads be- 

tween 384 and 416 cps. 

VOLTMETER M401 reads 

between 110 and 120 volts 

ac and LINE FRE- 

QUENCY meter M403 

reads between 384 and 

416 cps. 

No blown fuse indications 

are lighted, blower motors 

B401, B501, and B702 

operate, and POWERON 

indicator I 609 is lighted. 

Abnormal indications 

Either or both readings are 

abnormal. 

Abnormal reading other 

than zero on either M401 

or M403. 

Zero reading on M401 and 

no indication on M403. 

M401 reads zero. 

No indication on M403. 

One or more blown fuse 

indicators are lighted. 

None of the blower motors 

operate, and I 609 is not 

lighted. 

Blower motor B401 does 

not operate. 

Blower motor B501 does 

not operate. 

Corrective measures 

Refer to TM 11-919. 

Adjust the output of the power 

unit (TM 11-919). 

Check cable W16 and wiring 
from POWER IN SYSTEM 

jack J405 to M401 (fig. 229). 

Check M401. 
Use frequency meter to check 

M403. 
Replace the fuse or fuses (par. 

207a). 

Note. If a replaced fuse blows, see 

paragraph 188. 

Measure the voltage between 

terminal 102 and 103 on 

E403. The normal reading is 

between 110 and 120 volts 

ac. 
a. If normal, check F412 and 

I 412 and F413 andI 413. 

If either F412 or F413 is 

open, replace it and its 

blown fuse indicator. If 

both fuses are good, check 

continuity between 103 on 

E403 and F412 and be- 

tween 102 on E403 and 

E413. 

b. If abnormal, measure the 

voltage between terminals 

02 and 2103 on E403. 
The normal reading is be- 

tween 110 and 120 volts 

de. 

(1) If normal, check CR402, 

C407, and K402. 

(2) If abnormal, check S602 

and F402 and I 402. 

Measure the voltage between 

terminals 1603 and 302 on 

E401. The normal reading is 

between 110 and 120 volts 

ac. 
a.If normal, check B401 and 

C408. 
b. If abnormal, check F409 and 

I 409. 
Measure the voltage between 

terminals 803 and 402 on 

E503. The normal reading is 

between 110 and 120 volts 

ac. 

195 



Procedure 

4 | Pull power supply from its 

196 

case, defeat interlock 

$402 (par. 207b), and 

measure voltages listed 

under normal indications 

column, using multime- 

ter. 

Normal indications 

All filaments lighted in 

power supply. 

High-voltage warning indi- 

cator I 417 lighted. 

Terminal 5A on E401 to 

ground measures +470 

volts de. 

Terminal 4A on E401 to 

ground measures +300 

volts de. 

Terminal 1A on E401 to 

ground measures +150 

volts ac. 

Terminal 8A on E401 to 

ground measures +27 

volts de. 

Terminal 6A on E401 to 

ground measures —150 

volts de. 

Terminal 7A on E401 to 

ground measures —150 

volts de. 

Abnormal indications 

Blower motor B702 does 

not operate. 

I 609 is not lighted. 

None of filaments lighted. 

I 417 does not light. 

Terminal 5A (+470) to 

ground measures zero. 

Terminal 5A (+450) to 

ground measures less than 

+423 volts de but not 

zero. 

Terminal 4A (+300) meas- 

ures zero. 

Corrective measures 

a. If normal, check B501 and 
C512. 

b. If abnormal, check F403 and 
I 403, Z503, and Z507. 

Measure the voltage between 

terminals 903 and 302 on 

E701. The normal reading is 
between 110 and 120 volts 

ac. 
a. If normal, check B702 and 

Ciligw, 
b. If abnormal, check F406 and 

I 406. 
Measure the voltage between 

terminals 1 and 2 of T605. 

The normal reading is be- 

tween 110 and 120 volts ac. 
a. If normal, check I 609 and 

T605. 
b. If abnormal, check F404 and 

I 404, Z605, and Z606. 
Check the primary winding of 

T401 and wiring to it. 

Note. It has previously been deter- 

mined that power is available between 

terminals 1603 and 302 on E401. 

Check I 417, R445, and $402A. 

Measure the voltage between 

terminals 1703 and 302 on 
E401. The normal reading is 

between 110 and 120 volts 

ac. 
a.If abnormal, check to see 

that interlocks 8504 and 
S603 are closed (par. 2076) 
and if normal, check con- 

tinuity between terminals 

1603 and 1703 on E401 
(fig. 229). Note that there 

are low resistance paths 

through T402. Continuity 

can be checked in steps by 
first disconnecting P408 

from J408 and then dis- 

connecting P407 from 
J407. 

b. If normal, troubleshoot the 
+450-volt de power sup- 

ply (par. 420, step 2d). 

Troubleshoot the +450-volt de 
power supply (par. 420, step 

2d). 
Troubleshoot the +300 voltage 

regulator circuit (par. 420, 
step 5). 



Step Procedure 

5 | Set TEST SELECTOR 

switch S506 to the MAG. 
FIL. position. 

Normal indications 

Meter M501 reads 34 full 

scale. 

Abnormal indications 

Terminal 4A (+300) ab- 

normal, but not zero. 

Terminal 1A (+150) meas- 

ures zero. 

Terminal 1A (+150) ab- 

normal, but not zero. 

Terminal 8A (+27) meas- 

ures zero. 

Terminal 8A (+27) meas- 

ures less than +25 volts 

de. 

Terminal 6A (—150) ab- 

normal, but not zero. 

Terminal 7A (—150) meas- 

ures zero. 

Terminal 7A (—150) ab- 

normal, but not zero. 

Abnormal reading on M501. 

Corrective measures 

Adjust R433 (fig. 176) until ter- 

minal 4A to ground reads 

+300 volts dc. If correct 

output voltage cannot be 

obtained, troubleshoot the 

+300-volt de voltage regu- 
lator circuit (par. 420, step 

5). 
Troubleshoot the +150-volt de 

rectifier and filter circuit 

(par. 420, step 6). 

Adjust R416 (fig. 176) until ter- 

minal 1A to ground reads 

+150 volts. If correct output 

voltage cannot be obtained, 

troubleshoot the +150-volt 

de voltage regulator circuit 

(par. 420, step 6). 

Measure voltage between ter- 

minals 4 and 5 on T403. The 

normal reading is approxi- 

mately 37 volts ac. 

a. If abnormal, check T403 and 

the wiring to its primary. 

b. If normal, troubleshoot the 

+27-volt de power supply 

and the undelayed +27- 

volt de power distribution 

(par. 211). 

Troubleshoot the -+27-volts 

power supply and +27- 

volts power distribution (fig. 

231 and par. 211). 

Check V406 by substitution 

and if it is normal, trouble- 

shoot the -—150-volt dec 

power supply (par. 420, step 

3). 
Check V411 and V406 by sub- 

stitution and if they are 

normal, troubleshoot the 
—150-volt de power supply 

(par. 420, step 3). 

Check R451 (fig. 176) and if it 

is normal, check wiring from 

R451 to R402 and from R451 

to 7A on E401. 

Check V412. 

Measure the voltage between 

terminal 1 of T504 and ter- 

minal 402 on E503. The 

normal reading is between 

110 and 120 volts ac. 
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Step 
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Procedure 

Set TEST SELECTOR 
switch $506 to the COHO 

position and then to the 

SIG position. 

Normal indications 

Both positions should give 

red-line readings, and 

M601 on the indicator 

should read the same as 

M501 when S§506 is in the 

COHO position. 

Abnormal indications 

Zero reading in both test 

positions of S506 (local 

oscillator V505 not oscil- 

lating). 

SIG position reading is zero. 

SIG position is abnormal, 
but not zero. 

COHO position reading is 
zero. 

COHO position reading is 
abnormal, but not zero. 

No reading on M601. 

Reading on M601, but not 

M501. 

Corrective measures 

a.If abnormal, check Z507, 

Z508, and the contacts of 

K405. The contacts of 

K405 should be normally 

closed and K405 should be 
normally deenergized. 

b. If normal, troubleshoot the 

magnetron filament power 

supply in the receiver- 
transmitter (transmitting 

system, par. 222, symptom 

1). 
Make the following voltage 

measurements in the re- 

ceiver-transmitter: 

a. Terminal 7A1 on E502 to 

ground (—150 volts de). 

b. Terminal 4A on E502 to 

ground (+300 volts de). 
c. TP502 to ground (+27 volts 

de). 

(1) If any reading is abnor- 

mal, check continuity 

from E502 back to 
E401 in the power 

supply. 
(2) If all readings are nor- 

mal, check V505, and 

if it is normal, make 

voltage and resistance 
measurements at the 

tube socket base of 

V505 (fig. 211). 

Check signal mixer CR503 
(par. 278, symptom 2). 

Adjust local oscillator injection 

RF503A for red-line reading 

(par. 287), and if meter can- 

not be red-lined, trouble- 

shoot the signal mixer stage 

in the receiver-transmitter 

(receiving system, par. 278, 

symptom 2). 

Check coho mixer CR502 (par. 

278, symptom 3). 

Adjust local oscillator injection 
(RF502) for red-line reading 

(par. 287), and if meter can- 

not be. red-lined, trouble- 
shoot the coho mixer stage in 

the receiver-transmitter (re- 

ceiving system, par. 278, 

symptom 3). 
Check meter M601 and cabling 

to it from M501. 

Check meter M501. 



Normal indications Abnormal indications Corrective measures 
———— OO | | Le Ee 

7 | Follow the TEST IN- 
STRUCTIONS concern- 
ing TEST METER 
M2350, TEST SELEC- 
TOR 82353, and OPER- 
ATION SELECTOR 
$2354 given at the upper 
right-hand corner on the 

front panel of the signal 
comparator. 

Red-line indication in all 

five numbered positions 

of the TEST SELEC- 
TOR switch. 

If all five numbered posi- 

tions of the TEST SE- 
LECTOR are normal, 

return the OPERATION 

SELECTOR to the RE- 
MOTE position. 

Note. Return the OPERATION 

SELECTOR to REMOTE after any 

troubleshooting that requires the 

switch to be in a different position. 

Zero reading on M2350 in 

all positions of $2353. 

1. Pull out the signal compara- 
tor from its case. 

Caution: Be careful not to 

damage the 3 cables which 

connect to the delay line assem- 

bly (par. 321). 

2. Check to see that filaments 

of vacuum tubes are light- 

ed (or that tubes are 

warm). 

a. If abnormal, measure the 

voltage between terminals 

1 and 2 on T2350. The 

normal reading is between 

110 and 120 volts ac. 

(1) If abnormal, disconnect 

P301 from J301 and 

check continuity of con- 

ductors A and B of cable 

W7 and from B on J301 

to terminal 2 on T2350, 

and from A on J301 to 

terminal 1 on T2350. 

(2) If normal, check T2350. 

b. If normal, make the follow- 

ing voltage measurements 

in the signal comparator: 

(1) Terminal C on Z2351 to 

ground (+150 volts 

de). 

(2) Terminal X on Z2351 to 

ground (—150 volts 

de). 

(3) Terminal D on Z2351 to 

ground (+27 volts 

de). 

(a) If any reading is ab- 

normal, check con- 

tinuity from Z2351 

back to E401 in the 

power supply. 
(b) If all readings are nor- 

mal, check M6501. 

Caution: Do not 

use ohms scale, be- 

cause damage to 

M2350 may result. 

Adjust the potentiometer (or 

potentiometers) on the front 

of the signal comparator 

which has the same number 

as the meter position (or 

positions) which gives ab- 

normal reading. If the meter 

cannot be _ red-lined, see 

appropriate symptom below. 

All readings normal, except 

that one or more is ab- 

normal (but not zero). 
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No. (1) reading is abnormal 

and cannot be red-lined. 

No. (2) reading is abnormal 

and cannot be red-lined. 

No. (3) and No. (4) readings 

are abnormal and cannot 

be red-lined. 

No. (3) reading is abnormal 

and cannot be red-lined. 

1. If adjustment of R2350 (IF 

AMPL LEVEL) can cause 

the meter to be almost red- 
lined, check V301 through 

V307 in the signal com- 

parator by substitution 

and if normal, trouble- 
shoot the signal compara- 
tor (receiving system, par. 

279, step 12). 

2. If adjustment of R2350 (IF 

AMPL. LEVEL) cannot 

cause M2350 to be almost 
red-lined, pull out the 
receiver-transmitter, de- 

feat interlock 8504, and 

observe whether filaments 

of tubes are lighted. 
a. If abnormal, check the fila- 

ment transformer (T501 or 

T503) that supplies tubes 

not lighted. 
Note. It has already been estab- 

lished that B501 is receiving power, 

b. If normal, check V232, V224, 
and V225 by substitution, 

and if normal, trouble- 

shoot the receiver-trans- 

mitter (receiving system, 

par. 278, symptom 6a). 
Check V353 and V354 by sub- 

stitution. 

a. If normal, check voltage at 
terminal C of coherent os- 
cillator Z350 subassembly 

to ground. The normal 

reading is +150 volts de. 
(1) If abnormal, check con- 

tacts of K3301. 

(2) If normal, troubleshoot 

the coherent oscillator 
circuit in the signal com- 

parator (receiving system, 

par. 278, step 8). 
b. If abnormal, replace the 

defective tube. 

Check V1353 through V1357 

by substitution, and if nor- 
mal, troubleshoot the 9-mec 

carrier channel in the signal 

comparing system (par. 322, 

symptom 1). 
Check CR1350, R1381, R1382, 

C1385, R1393, and the wiring 

to M2350 in the No. (2) 
position of $2353. 



Step Procedure 

8 | Place the TEST SELEC- 
TOR switch in the No. 

(1) IF AMPL LEVEL 

position and adjust RE- 

CEIVER GAIN potenti- 

ometer R608 (on front 

panel of indicator) for 
red-line indication on 

M2350. 

Normal indications 

Red-line indication on 

M2350. 

Abnormal indications Corrective measures 

No. (4) reading is abnormal 

and cannot be red-lined. 

No. (5) reading is abnormal 

and cannot be red-lined. 

M2350 reads zero or cannot 

be red-lined. 

Check V2301 through C2306 

vs 

1 

.If normal, 

by substitution and if nor- 

mal, troubleshoot nondelay 

amplifier Z2300 in the signal 

comparing system (par. 322, 

symptom 2). 

Check V1301 through V1306 

by substitution. 

. Check V3300, V3301, and 
V3302 by substitution. 

. Check W2350 by substi- 

tuting mercury delay line 

test unit Z2350 in its place. 
. Troubleshoot the delay chan- 

nel and the amplitude 
balancing circuits in the 

signal comparing system 

(par. 322, symptom 3). 

. Check contacts of K3301 (7) 

and $2354 (D4). 
. Check resistance across R608 

(2.5K) and the resistance 

between the wiper arm 

(center connection) and 

one end of the potenti- 
ometer as the control is 

rotated. 

. Check continuity from the 

wiper arm of R608 to 

ground. 

proceed to 4, 

below. 
. If abnormal, make the fol- 

lowing continuity meas- 

urements: 

(1) R608 to 44 on J601. 

(2) 44 on P601 to 44 on 

P407. 

(3) 44 on J407 to K on J401. 

(4) K on P401 to K on 

P301. 
(5)K on J301 to K on 

22351. 
(6) K on Z2351 to G on 

22351. 
(7) G on Z2351 to ground. 

4, Make the following conti- 

nuity measurements: 

a. D4 on §2354 to NR on 

22351. 

b. NR on Z2351 to N on 

J301. 

c. N on P301 to N on P401. 

d. N on J401 to 42 on J407. 

e. 42 on P407 to 42 on P601. 

f. 42 on J601 to R608. 
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9 | Place TEST SELECTOR 
switch in the No. (5) 

AMPL BALANCE posi- 
tion and adjust RE- 

CEIVER AMPL BAL- 
ANCE potentiometer 

R2627 (on front panel of 

indicator) for  red-line 

indication on M2350. 

10 | Turn A-scope INTENSITY 

and ppi INTENSITY 

controls on the indicator 

clockwise until an indica- 

tion appears on the screen 

of each scope. 

11 | Turn A-scope INTENSITY 

and ppi INTENSITY 

controls on the indicator 

counterclockwise _ until 

each presentation just 

disappears. 

202 

Normal indications 

Red-line indication on 
M2351. 

Vertical trace approxi- 
mately 1 inch in ampli- 

tude appears at the ex- 

treme left-hand side of 

the A-scope and a small 

intensified spot appears 

at the center of the ppi 
scope. 

Both scopes are blank (until 

RADIATE ON switch is 
pressed, (step 12)). 

Abnormal indications 

M2350 reads zero or cannot 

be red-lined. 

Both scopes are blank. 

No indication on A-scope. 

No indication on ppi scope. 

Corrective measures 

1. Check continuity between 

FA and F4 on 82354. 

2. Check the resistance across 
R2627 (50K) and the re- 

sistance between the wiper 

arm (center connection) 

and one end of the poten- 
tiometer as the control is 

rotated. 

3. Check for the presence of 
+150 volts de from the 

connection on R2627 that 

is not shorted from the 

wiper arm to ground. 

a. If normal, proceed to 4. 
b. If abnormal, make the fol- 

lowing continuity meas- 

urements: 

(1) R2627 to 32 on J601. 
(2) 32 on P601 to 32 on 

P407. 
(3) 32 on J407 to 1A on 

E401. 
4. Make the following conti- 

nuity measurements: 

a.F4 on §2354 to R on 

22351. 

b. R on Z2351 to R on J301. 
c. R on P301 to R on P401. 

d. R on J401 to 50 on J407. 

e. 50 on P407 to 50 on P601. 

f. 50 on J601 to R2627. 
Pull out the indicator from its 

case and defeat interlock 

$603 (par. 207b). High- 

voltage warning light I 610 

should light. 

a. If I 610 does not light, check 
continuity between N on 

E602 and 302 on E401 and 
between M on E602 and 

1703 on E401. 

b. If I 610 does light, trouble- 

shoot the high-voltage 

power supply in the indi- 
cating system (par. 358, 

symptom 1). 
Troubleshoot A-scope display 

circuits in the indicating sys- 

tem (par. 358, symptom 7). 
Troubleshoot ppi-scope display 

circuits in the indicating sys- 

tem (par. 358, symptom 5). 
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Normal indications 

12 | Press RADIATE ON but- | The reading on M501 de- 
ton S616. creases to red line, MAG- 

NETRON CURRENT 

meter M502 reads be- 

tween 40 and 44 ma, 

OPERATING HOURS 

meter M402 starts to run, 

and sweeps appear on 

both scopes. 

Abnormal indications 

The reading on M501 does 

not decrease to red line, 

MAGNETRON CUR- 

RENT meter reads 0, 

M402 does not run, and 

no sweeps appear on 

scopes. 

Meter M502 reads zero and 

no sweeps appear on 

scopes, but reading on 

M501 decreases to red 

line and M402 runs. 

Corrective measures 

Rotate ANTENNA ROTATE 

control R609 clockwise to see 

if antenna will rotate. 

a. If antenna does not rotate, 

troubleshoot the 5-minute 

time delay circuit (par. 
430c). 

b. If antenna does rotate, re- 

turn the ANTENNA RO- 

TATE control to 0 and 

troubleshoot the ac power 

distribution and control 

system (par. 211, step 6). 

1. Check K152. 

a.If abnormal, replace the 

relay. 

b. If normal, pull out the 

modulator from its case 

and defeat interlock $153 

(par. 2076). Modulator 

high-voltage warning lights 

and filaments of tubes 

should be lighted. 
(1) If abnormal, disconnect 

P151 from J151 and 

check Z154, Z153, and 

continuity between 

terminal 203 on E152 

and 103 on E403 and 

between 202 on E152 

and 102 on E403 in 

steps due to P151 and 

J151 being discon- 

nected. 

(2) If normal, measure the 

voltage between ter- 

minals Bl and A2 on 

relay K152. The nor- 

mal reading is be- 
tween 110 and 120 

volts ac. 

(a) If abnormal, check 

the continuity be- 

tween B2 on K152 

and terminal 103 on 

E403 and between 

terminal Al on 

K152 and terminal 

102 on E403. 

(6) If normal, proceed to 

corrective measure 

2 

2. Place TRIGGER switch 

$152 on the modulator to . 

the INTERNAL position. 
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a. If the MAGNETRON CUR- 
RENT meter reads above 
zero, check V1350 through 

V1357 and V1301 through 

V1306 by substitution, 

and W2350 by using mer- 
cury delay line test unit 
Z2350. 

(1) If abnormal, replace de- 

fective component. 
(2) If normal, return TRIG- 

GER switch $152 to 
EXTERNAL and 

troubleshoot the trig- 
ger loop circuits in the 

signal comparing sys- 

tem (par. 325, step 7). 
b. If the MAGNETRON cur- 

rent meter still reads zero, 

disconnect the cable which 
connects to J155 and con- 

nect dummy load to J155. 
(1) If output from the dum- 

my load is normal, 

disconnect the dum- 

my load, reconnect 

the cable which nor- 

mally connects to 

J155, and trouble- 

shoot the receiver- 
transmitter (transmit- 

ting system, par. 223, 

step 16). 
Note. Before trouble- 

shooting the  receiver- 

transmitter, check manual 
reset on magnetron over- 

temperature thermostat 

$501. 

(2) If output from the dum- 
my load is abnormal, 
disconnect dummy 
load, reconnect cable 

which normally con- 

nects to J155, place 

$152 in the EXTER- 
NAL position, and 
troubleshoot the mod- 
ulator (transmitting 
system, par. 222, 

symptom 2c and e). 
The reading on M501 does | Check K405. 

not decrease to red line, 

and after hand is removed 
from 8616, M402 stops 

running, M502 decreases 

to 0, and sweeps dis- 

appear from scope. 
M402 does not run. Check M402. 
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Abnormal indications 

MAGNETRON CUR- 

RENT meter reads zero. 

No sweeps appear on scopes. 

No sweep appears on A- 

scope. 

No sweep appears on ppi 

scope. 

The reading on M501 does 

not decrease red line. 

MAGNETRON CUR- 

RENT meter M501 reads 

too high or too low. 

Corrective measures 

Check the MAGNETRON 
CURRENT metering circuit 
in receiver-transmitter 

(transmitting system, par. 

222, symptom la). 

Disconnect P506 from J506 and 
check continuity from J506 

to ground. The normal read- 

ing is less than 1 ohm. 

a. If abnormal, check T502. 

b. If normal, check continuity 

from P506 to P416, from 
J416 to terminal 48 on 

J407, and from terminal 48 

on P407 to terminal 48 on 

P601, and if normal, trou- 

bleshoot the indicating 
system (par. 358, symptom 

4). 
Troubleshoot the indicating 

system (par. 358, symptom 

8). 
Troubleshoot the indicating 

system (par. 358, symptom 

6). 
Check R516 and contacts 3 and 

13 of K405. 
Place TRIGGER switch 8152 

on the modulator to the 

INTERNAL position. 

a. If M501 reading changes to 

normal, the trouble is in 

the signal comparing sys- 

tem. Adjust carrier gate 

length potentiometer R- 

1365, following the proce- 

dure given in paragraph 

332. If reading is still ab- 

normal, troubleshoot the 

trigger loop circuits in the 

signal comparing system 

(par. 325, step 7). 

b. If M501 reading is still ab- 
normal, disconnect the 

cable that connects to J155 

and connect the dummy 

load to J155. Press RA- 

DIATE ON switch. 

(1) If output from the dum- 

my load is normal, 

disconnect the dum- 

my load, reconnect 

the cable which nor- 

mally connects to 

J155, and trouble- © 
shoot the _ receiver- 

transmitter (transmit- 

ting system, par. 222, 

symptom If). 
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13 | Connect the echo box to 

206 

J501 and tune echo box 

for maximum reading on 

echo box meter. 

Normal indications 

Echo box meter should read 
maximum (approximately 

60 microamperes). 

Note. Be careful not to tune to 

one of the maxima that give lower 

readings. 

When 

Abnormal indications 

RADIATE ON 
switch is pressed, the nor- 

mal indications appear 

(or start to appear), but 

then the sweeps disap- 

pear from the scopes, 
MAG. FIL. meter read- 

ing increases above red 

line, MAGNETRON 

CURRENT meter read- 
ing decreases to zero, and 
M402 stops running. (Re- 

lay K151 is energizing 

due to an overload condi- 

tion in the transmitting 

or RF systems.) 

Abnormal reading on echo 

box meter. 

Corrective measures 

(2) If output from the dum- 
my load is abnormal, 

disconnect the dum- 

my load, reconnect 

the cable which nor- 

mally connects to 

J155, and_ trouble- 

shoot the modulator 

(transmitting system, 

par. 222, symptom 2e 

and f). 
Disconnect cable that connects 

to J502 and connect the dum- 
my antenna to J502 (RF 

output). 

a. If relay K151 does not ener- 

gize when RADIATE ON 

switch is pressed, trouble- 
shoot the RF system (par. 

252, symptom (2)). 
b. If relay K151 still energizes 

when RADIATE ON 
switch is pressed, discon- 

nect the dummy antenna 

from J502, reconnect the 

cable that normally con- 

nects to J502, disconnect 

the cable that connects to 

J155, and connect that 

dummy load to J155. 

(1) If relay K151 does not 

energize when RA- 

DIATE ON switch is 

pressed, troubleshoot 

the receiver-transmit- 

ter (transmitting sys- 

tem, par. 222, symp- 

tom 30). 

(2) If relay K151 still ener-_ 

gizes, disconnect the 

dummy load, recon- 

nect the cable which 

normally connects to 

J155, and _ trouble- 

shoot the modulator 

(transmitting system, 

par. 222, symptom 

3b). 

Note. It has previously been 

established that the transmitter 

is functioning properly. 

1. If another echo box is 

available, plug it into 

J501 (using a dif- 

ferent cable). 



Procedure 

14 | Place RANGE MARKS 
MILES switch to the ON 

position and observe A- 

scope for range marks, 

grass, and ringtime. 

Normal indications 

Four vertical 5-mile range 

marks should appear on 

A-scope, ringtime should 

be at least 12 miles (at 

1,280 mes), maximum 

ringtime level (saturation 

level) should be approxi- 

mately 114 inches above 

the A-scope baseline, and 
the noise level (grass) 
should be approximately 

14 of the saturation level. 

Note. The figure of 12 miles is 

based on a stable approximately 

midrange. magnetron frequency 

and moderate temperature and 

humidity conditions. For all other 

operating conditions, use the slide 

rule scale on the echo box. 

Abnormal indications 

No range markers, no ring- 

time, and no noise on A- 

scope. 
No ringtime (noise is nor- 

mal). 

No ringtime and no noise. 

Corrective measures 

a. If normal indica- 

tion can be ob- 

tained on meter 

by tuning echo 

box, proceed to 

step 14 and have 

defective echo 

box or cable re- 

paired. 
b. If normal indica- 

tion cannot be 

obtained on me- 

ter, check cable 

between J501 

and J504. 
(1) If normal, check direc- 

tional coupler (RF sys- 

tem, par. 252, symptom 

8). 

2. If another echo box is 
not available, check 

the crystal in the echo 

box, the meter, and the 

cable to J501. If these 
are normal, check cable 

between J501 and J504 
and if this cable is nor- 

mal, check directional 

coupler (RF system, 

par. 252, symptom 8). 

Check V612 and V619 by sub- 

stitution and if normal, 

troubleshoot the indicating 

system (par. 358, symptom 

10). 

Note. It has been established that 

the gain of the receiving system is 

normal (step 7), that the local oscil- 

lator and signal mixer are normal 

(step 6), and that the transmitting 

system is normal (step 12). Perform 

receiver tuning procedures outlined in 

paragraph 447. 

1. If ringtime pattern appears 

on the ppi scope, check 

V619 by substitution and 

if it is normal, trouble- 

shoot the indicating sys- 

tem (par. 359, step 34). 

2. If ringtime pattern does not 

appear on the ppi scope, 

observe the waveform at 

pin 7 of V611 with an oscil- 

loscope. The normal wave- 

form is the ringtime pat- 

tern. 
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a. If normal, check V611 and 
V612 by substitution. and 

if normal, troubleshoot the 

indicating system (par. 
358, symptom 12). 

b. If abnormal, check V3306 

and V3308 in the signal 
comparator by substitu- 
tion. 

(1) If abnormal, replace de- 
fective tube. 

(2) If normal, check cabling 

between P601 on the 
indicator and P303 on 

the signal comparator. 
If cabling is normal, 
troubleshoot the sig- 

nal comparator (sig- 

nal comparing system, 

par. 322, symptom 5). 
No range markers- - ---_--_ Check 40-mile sweep on A- 

scope and 20-mile sweep on 

ppi scope for range markers. 
a. If markers do not appear on 

any of the three sweeps, 
check V614, V615, V616, 
and V617 by substitution. 

(1) If abnormal, replace de- 

fective tube. 
(2) If normal, troubleshoot 

the indicating system 

(par. 358, symptom — 
9). 

b. If markers appear on the ppi 
scope only, check V619 by 
substitution and if it is 

normal, troubleshoot the 

indicating system (par. 
359, step 16e). 

c. If markers appear on the 40- 
mile A-scope sweep and the 
ppi scope sweep, trouble- 
shoot the indicating sys- 

tem (par. 359, step 15d). 
Ringtime is low but noise | Perform receiver tuning proce- 

level is normal. dures given in paragraph 

447, and if ringtime is still 

low, perform RF tuning pro- 
cedures given in paragraphs 

257 through 260 (tr cavities 

and duplexer assembly). 
Ringtime is low and noise | 1. Substitute a new V232, V224, 

level is low. V225, and V301 through 

V306; observe the A-scope 
for an improvement in 

ringtime as each new tube 
is substituted. 
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15 | Rotate ANTENNA RO- | Antenna and ppi sweep ro- 
TATE control clockwise tate clockwise at a speed 

untilANTENNASPEED| of approximately 6 rpm. 
indicator N604 indicates 
6 RPM. 

Abnormal indications 

Neither the antenna nor the 

sweep rotates. 

Corrective measures 

a. If ringtime is still below 12 

miles, check CR301 and if 

it is normal, proceed to the 
next corrective measure. 

2. Check the gain of IF pre- 

amplifier U221 (par. 296). 
a.If abnormal, troubleshoot 

the IF preamplifier in the 
receiver-transmitter  (re- 

ceiving system, par. 278, 

symptom 6a). 
b. If normal, check the gain of 

signal IF amplifier Z301 

(par. 298). 

(1) If abnormal, trouble- 

shoot signal IF am- 

plifier Z601 in the sig- 

nal comparator (re- 

ceiving system, par. 

278, symptom 60). 

(2) If normal, check the 

cabling between the 

preamplifier and the 

signal IF amplifier. 

1. Check whether safety switch 

S758 is in the ON position. 
2. Place safety switch $753 in 

the OFF position. Remove 
the servo amplifier from 
the antenna base, defeat 

interlock $701, and then 

throw 8753 to the ON 

position. 

Warning: In troubleshoot- 

ing the antenna positioning sys- 

tem, do not place yourself in 
the path of the antenna in case 

it suddenly starts to rotate. If 

you must place yourself in a 

position where you may be 

struck by the rotating antenna, 

position some one at safety 

switch 8753. 
3. Observe whether filaments of 

tubes are lighted. 

a. If abnormal, check the volt- 

age between terminals 1 

and 2 of T702. 
(1) If abnormal, disconnect 

P702 from J702 and 

make the following 

continuity measure- 

ments: 

(a) Terminal 2 on T702 

to terminal J on 
J702. 

(b) Terminal J on P702 

to terminal 903 on 

K753. 
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Corrective measures 

(c) Terminal 1 on T702 

to terminal G on 
J702. 

(d) Terminal G on P702 

to terminal G on 

J702. 
(2) If normal, check T702. 

b. If normal, check the voltage 

between terminals 9A and 

10A on E751. The normal 

reading is +95 volts. 

(1) If abnormal, check 

bridge rectifier CR- 

701. 
(2) If normal, proceed to 

corrective measure 4. 

4, Measure the voltage between 
terminals 703 and 302 on 

E752. The normal reading 

is between 110 and 120 

volts ac. 

a. If abnormal, place $753 in 
the OFF position and 

check continuity between 

terminal 2 on 8753 and 

terminal 103 on E403 and — 

between terminal 703 on 

E752 and terminal 1 on 

$753, and if these check 

good, check $753. 

b. If normal, measure the volt- 

age between terminal 2 on 

relay K703 and terminal — 

302 on E752. The normal 

reading is between 110 and 
120 volts ac. 

(1) If abnormal, check relay 
K703. 

(2) If normal, measure the 

voltage between ter- 

minal 2 on T704 and 

terminal 302 on E752. 

The normal reading is 

between 110 and 120 

volts ac. 

(a) If abnormal, check re- 

lay K705 and C717, 
and if these are nor- 

mal, check conti- 

nuity between ter- 

minal 2 on K703 

and terminal 2 on 

T704. 
(b) If normal, check con- 

tinuity between ter- 

minals 2 and 1 on 

T704. 
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Corrective measures 

16 | Observe ringtime on ppi 

scope with antenna ro- 
tating. 

17 | Place ppi RANGE SELEC- 
TOR in the 160 position. 

Antenna rotates but sweep 

does not. 

Antenna and ppi sweep ro- 
tate, but at incorrect 

speed. 

Ringtime is the same on the} No ringtime and no range 

ppi scope as it is on the markers on the ppi scope. 
A-scope and is the same 

in all azimuths, resulting 

in a symmetrical, intensi-| No ringtime or poor ring- 

fied circle at the center of time on the ppi scope. 

the ppi scope, and two | No range markers on the 

range markers (circles) ppi scope. 

appear beyond the ring- 

time pattern. 

Note. Ringtime cannot be 

measured as accurately on the ppi 

scope as it can on the A-scope. 

Ringtime pattern not com- 

pletely circular (wedge or 

wedges missing). 

25-mile range markers (cir- 

cles) appear on screen 

and the range strobe (cir- 

cle) appears at approxi- 

mately 150 miles. 
Note. It may be necessary to 

rotate the RANGE STROBE 

potentiometer to distinguish the 

range strobe from the 150-mile 

range marker. 

No 25-mile range markers 

appear on the ppi scope. 

5. If the checks made in cor- 
rective measures 2 and 3 

above do not locate the 
trouble, troubleshoot the 

antenna positioning sys- 

tem (par. 393, symptom 

1). 
1. Note position of AZIMUTH 

knob on front of indicator 

and turn AZIMUTH knob. 

a. If sweep does not rotate, 

place AZIMUTH knob in 

its original position and 

check the mechanical con- 
nections between synchro 

receiver B602 and deflec- 
tion yoke L601. 

b. If sweep does rotate, return 

sweep to its original posi- 

tion by turning back the 

AZIMUTH knob, and 

troubleshoot the antenna 

positioning system (par. 

393, symptom 8). 
1. Adjust ANTENNA SPEED 

potentiometer R2619 (par. 

400). If adjustment of 

R2619 does not correct 

trouble, troubleshoot the 

antenna positioning sys- 

tem (par. 393, symptom 6 

or 7). 

Check V602 by substitution 

and if normal, troubleshoot 

the indicating system (par. 

358, symptom 11). 

Troubleshoot the indicating 

system (par. 359, step 33). 

Turn 5-10 MILE MARKER 
INT potentiometer R1617 

(fig. 148) completely clock- 
wise and if range markers 

still do not appear on the ppi 

scope, troubleshoot the indi- 

cating system (par. 359, step 

15). 
This symptom indicates proba- 

ble trouble due to a rotating 

joint in the RF system. 

Troubleshoot the RF system 

(par. 252, symptom 6). 

1. Turn 25-10 MILE MARK- 
ER INT potentiometer 

R1629 (fig. 148) com- 

pletely clockwise. 
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Step Procedure 

18 | Detune echo box so that 

ringtime does not appear 

on either scope, observe 
the ppi scope for targets, 

and note which appear to 

be fixed targets and which 

appear to be moving tar- 

gets. 

19 | Place OPERATION switch 
$601 in the MTI position 

and observe the ppi scope. 

212 

Normal indications 

The returns from nearby 

fixed clutter appear as 

relatively large intensified 

regions close to the center 

of the screen with moving 

targets only appearing in 

regions where there are 

no large fixed targets. 

Most of the returns from 

fixed targets should dis- 

appear, leaving only resi- 

due which it is beyond 

the capability of the 

equipment to cancel, and 

all moving targets should 

still appear on the ppi 

scope. 

Abnormal indications 

No range strobe on ppi- --- 

Range strobe appears at a 

range other than 150 

miles. 

No targets, or known tar- 

gets appear weaker than 

usual. 

No targets appear on the 

scope. 

Fixed targets are not can- 

celled. Operation is simi- 

lar to what it is in the 

normal mode of opera- 

tion. 

Corrective measures 

2. If 25-mile range markers still 

do not appear, check V618 

and V617 by substitution, 

and if the tubes are nor- 

mal, troubleshoot the indi- — 

cating system (par. 359, 

step 17). 

1. Rotate STROBE INT. (fig. 

148) completely clockwise. 

2. Check V621, V613, and V601 
by substitution and, if 

range strobe still does not 

appear, troubleshoot the 

indicating system (par. 

359, step 31). 

1. Adjust STROBE LIM po- 
tentiometer R1655 (fig. 

148) follow procedure in 

paragraph 368. 

2. If R1655 cannot be adjusted 

to place the range strobe 
at 150 miles, troubleshoot 

the indicating system (par. 

359, step 18). 
3. Place ppi RANGE SELEC- 

TOR in the 20 position. 
1. Since ringtime is normal (from 

the directional coupler) 

the only portion of the 
equipment which the ring- 
time does not check is a — 
portion of the RF system. — 

However, this abnormal © 

condition can be caused by — 
unusual weather condi- 
tions. 

2. Check the RF system (par. 

252, symptom 3) and if 

abnormal, troubleshoot 

the RF system. 

Check V3303, V3304, and 

V3305 by substitution and if — 
normal, troubleshoot the sig- 

nal comparing system (par. 

323, symptom 6). 

Aline coho subchassis (pars. 
14-22) and if this does not 

result in correct operation in 
the mti mode of operation, 

aline the entire mti mode of © 
operation (par. 447). If aline- 

ment does not result in cor- 
rect mti operation, trouble- 
shoot the signal comparing 
system (par. 322, symptoms 

3 and 7). 



Step Procedure Normal indications 

211. Troubleshooting + 27-Volt Power 
Distribution 

(fig. 231) 

Much of the distribution of power through 

the equipment is controlled by relays which are 

actuated by +27 volts. The troubleshooting 

chart in b below is intended to be used when 

the absence of +27 volts is discovered while 

troubleshooting the equipment using the trou- 

bleshooting chart based on starting procedure. 

The purpose of the chart is to insure that +27 

Step Procedure Normal indications 

Abnormal indications Corrective measures 

1. Place the OPERATION 
but targets in areas free switch in the NORM posi- 

from clutter appear nor- tion and tune echo box for 

mal. maximum ringtime. 

2. Place the OPERATION 

switch in the MTI position 

and adjust MTI BAL- 

ANCE potentiometer R- 

2618 for maximum cancel- 

lation of the ringtime 

pattern on the A-scope. 

a. If rotation of R2618 has no 

effect on the ringtime 

pattern or if a position of 
R2618 that virtually can- 

cels all of the ringtime pat- 

tern cannot be found, aline 

the entire mti mode of 

operation (par. 447). If 

alinement does not result 

in proper mti operation, 

troubleshoot the signal 

comparing system. 

b. If adjustment of R2618 re- 

sults in proper mti opera- 

tion, place the OPERA- 

TION SELECTOR switch 
in the MTI position and 

adjust R2356 in the same 

manner as R2618. Then 

place the OPERATION 
SELECTOR switch in the 

REMOTE position. 

Poor cancellation of clutter, 

volts is being applied to all units requiring 

+27 volts. If normal indications are obtained 

for all steps in the chart, it can be assumed 

that +27 volts is being applied to all units re- 

quiring this potential. 

a. Figure 231 is a complete schematic dia- 

gram of the +27-volt distribution. It is the 

only schematic diagram referred to in the +27- 

volt distribution troubleshooting chart. 

b. The preliminary checks and control set- 

ting listed in paragraph 209 apply to the fol- 

lowing troubleshooting chart: 

Abnormal indications Corrective measures 

1 | Pull out power supply from 

its case and defeat inter- 

lock $402 (par. 2076). 

2 | Place POWER switch $602 

I 417 lighted. 

to ON, and allow 5- are lighted. 

to 10-minute warmup 

period. 

High-voltage warning light 

No blown fuse indicators 

I 417 not lighted. See paragraph 210, step 4. 

One or more blown fuse 

indicators lighted. 
Replace the fuse or fuses (par. 

207a). 
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Step Procedure Normal indications Abnormal indications 

3 | Measure the voltage from 

terminal 8A on E404 to 

ground. 

4 | Note noise level on A-scope. 
Then place L.O. MOTOR 

switch $613 in the DEC 
position for a few seconds 

and observe A-scope dur- 

ing this time. 

5 | Set TEST SELECTOR 
switch 8506 to the COHO 

position and then to the 

SIG position. 

6 | PressRADIATE ON switch 

$616, and then rotate 

ANTENNA ROTATE 

control R609 clockwise. 

214 

The normal reading is +27 

volts. 

Noise level on A-scope in- 

creases considerably, in- 

dicating that local oscil- 

lator tuning motor B502 

is running. 

Both positions should give 

red-line readings. 

MAGNETRON CUR- 
RENT meter M502 

should read —approxi- 

mately 43 ma and anten- 

na should rotate. 

Meter reading is zero- -_~-- 

No change in noise level on 

A-scope (B502 does not 

run). 

Zero reading in both posi- 

tions of S506. 

M502 reads zero and anten- 

na does not rotate. 

M502 reads normal, but 

antenna does not rotate. 

Corrective measures 

1. Measure the voltage between 

terminals 4 and 5 on T4038. 

a. If abnormal, check T403. 

b. If normal, check CR401, 

L403, and continuity be- 

tween the +terminal of 

CR401 and terminal 8A on 

E404. 

1. Measure the voltage from 

terminal 8A on E502 to 

ground (+27 volts). 

a.If abnormal, check conti- 

nuity from 8A on E502 to 

8A on E404. 

b. If normal, measure the volt- 

age from 8A3 on E502 to 

ground (+27 volts). 

(1) If abnormal, check R518 

(28 ohms), lower lim- 

it microswitch $503 

(continuity), and 

B502 (by disconnect- 

ing its armature and 
applying +27 volts de 

across its armature). 
(2) If normal, check conti- 

nuity from 8A3 on 

E502 to ground. 
Note. S613 must be in the DEC 

position to obtain continuity. 

1. Measure the voltage between 

TP501 and TP502 in the 

receiver-transmitter. The 

normal reading is 6.3 volts 

de. 

a. If normal, troubleshoot the 
local oscillator circuit in 

the receiving system. 

b. If high, check TY501 by sub- 

stitution, and C503 for 
leakage. — 

c. If low, check TY501 by sub- 

stitution. 

d. If zero, check TY501 by sub- 

stitution, and if still zero, 

check continuity from ter- 

minal 7 on TY501 to 

ground (fig. 231). 

Troubleshoot the 5-minute time 

delay circuit (par. 430e). 

Measure the voltage from ter- 

minal 3 on K705 to ground’ 

(+27 volts). 

a. If abnormal, check conti- 

nuity between terminal 

8A7 on E404 to terminal 

3 on K705. 



Step Procedure Normal indications Abnormal indications 

Antenna rotates but MAG- 

NETRON CURRENT 

meter M502 gives no in- 

dication. 

Corrective measures 

b. If normal, troubleshoot the 

antenna position system 

(par. 393, symptom 1). 

Note noise level on A-scope and 

then place L.O. MOTOR 
switch $613 in the INC posi- 

tion for a few seconds (noise 

level on A-scope will increase 
if local oscillator tuning 

motor B502 is running). 

a. If local oscillator motor does 
not run, pull out receiver- 

transmitter, defeat inter- 

lock $504 (par. 207b) and 

observe whether shutter 

gate relay K501 actuates 

when the 5-minute time 

delay elapses. 

(1) If K501 does not actu- 

ate, check S501 and if 

it is normal, check 

continuity from 6A6 

on E502 to 8A7 on 

E404. 
(2) If K501 does actuate, 

check continuity from 

8A6 on E502 to the 

INC terminals of 

$613. 
b. If the local oscillator tuning 

motor does run, replace 

receiver-transmitter in its 

case and measure the volt- 

age from terminal 8A10 on 

E404 to ground (+27 

volts) while pressing the 

RADIATE ON switch. 
(1) If normal, proceed to ¢ 

below. 

(2) If abnormal, check con- 

tinuity from terminal 

1 on J601 to terminal 

8A10 on E404 in steps 

due to S616 being nor- 

mally open when pow- 

er is removed from 

. the equipment. 

c. Pull out modulator from its 

case, defeat interlock 8153 

(par. 207b), and measure 

the voltage from terminal 

3 on K151 to ground (+27 

volts). 

(1) If abnormal, check con- 

tinuity from terminal 

3 on K151 to terminal 

8A10 on E404. 
(2) If normal, check K152. 
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7 | Press 

216 

RADIATE OFF 
switch 8615, place TEST 

SELECTOR 82353 in the 
No. 2 position, and then 

press RADIATE ON 
switch 8616. 

Normal indications 

TEST METER M2350 
_reads red line at first, and 

then decreases to zero 

after the five-minute time 

delay elapses. 

Abnormal indications 

M2350 reading does not 

decrease to zero. 

Corrective measures 

1. Pull out signal comparator 
from its case. 

Caution: Be careful not to 
damage the 3 cables that con- 
nect to the delay line assembly | 
(par. 321). : 

2. Measure the voltage from 

terminal 1 on K3301 to 
ground (+27 volts). 

a.If abnormal, check conti-— 
nuity from terminal 1 on — 
K3301 to terminal 8A7 on — 
E404. 

b. If normal, check K3300 and 
if it is normal, check to see 

that $2354 and 8601 are in © 
the positions listed in 

paragraph 209. 



CHAPTER 12 

TRANSMITTING SYSTEM TROUBLESHOOTING AND REPAIR 

Warning: Extremely dangerous voltages exist in Radar Modulator MD-144/TPS-1D and 

Radar Receiver-Transmitter RT-212/TPS-1D. 

1. Defeat interlocks only for the purpose of making observations within a unit. 
2. Do not make voltage measurements in the modulator or receiver-transmitter high-voltage 

circuits. 

3. Do not make waveform checks in the modulator or receiver-transmitter high-voltage circuits 

except at the jacks or test points provided. 

4. Before making resistance measurements or coming in contact with any high-voltage 

components in the receiver-transmitter, turn the equipment off and disconnect cable from PULSE 

INPUT jack J505. 

5. Before making resistance measurements or coming in contact with any high-voltage 

components in the modulator, turn the equipment off and ground L152 and the junction of the 

leads to the plate caps of V153 and V154 with a shorting bar. 

Caution: If the transmitter will not operate because of the operation of protective relay K151, 

do not readjust balance adjustment R168 to correct the situation; damage to the equipment may 

result. Refer to paragraph 229 for adjustment procedure for R168. 

Section |. TROUBLESHOOTING INFORMATION 

212. Reference Data reference symbol, the parts that can be located 

The following information will be helpful 224 gives the number of the figure on which 
when troubleshooting or repairing the trans- *he location is shown. 

mitting system. Reference Fig. Reference Fig. Reference Fig. 
symbol O. symbol No. symbol No. 

Reference Data 

Bl151 106 C516 103 J155 105 

oe B501 103 | C517 103 | J156 105 
1 LY go GR od ee Transmitting system, complete block C101A 112 C524 125 J157 105 

diagram. C101B 112 C1101 114 J501 102 
Pars. 6 through 38___ Transmitting system theory. a C102 112 C1103 114 J502 102 
Figs. 6 through 1423 Transmitting system circuits, simpli- C103 112 C1104 114 J505 102 

fied schematic diagrams. C104 112 | C1106 114 | J506 102 
Fig. 210 Pe A Se ee Ae es Radar Modulator MD-144/TPS-1D, C105 112 CR501 104 J508 102 

; complete schematic diagram. C107, 112 E101 113 K151 110 

Re ea ee ok le co. Soe Radar Receiver-Transmitter RT-212 C108 112 E102 113 K152 106 
/TPS-1D, complete schematic dia- C153 106 £129 109 L151 108 

gram. pe re C156 110 | E152 106 | L152 106 
igyos ieee +27-volt power distribution, com- C157 110 E501 103 L502 104 

plete schematic diagram. C158 106 | E503 103 | M501 102 
Par. 213 and figs. 102! Location of parts and adjustments. C504 103 E505 103 M502 102 

through 114. C505 104 E508 103 0 531 102 
LOS 070s ee See Radar Modulator MD-144/TPS-1D, C506 104 E1101 106 P516A 103 

waveforms. C507A ~=«|:104 | HR151 | 110 | P516B 103 
Be aUO es oe peda = Radar Modulator MD-144/TPS-1D, C507B 104 HR152 110 R101 112 

voltage and resistance measure- C508 104 HR501 103 R102 112 

ments at tube sockets. C509 103 | 1151 108 | R103 112 
C510 104 Lala 106 R104 112 

C511 125 I 501 103 R105 112 

213. Location of Parts in Transmitting C512 103 | I 502 103 | R106 112 
System C513 125 JES! 105 R107 112 

' . , C514 125 J152 105 R108 112 
The following table will help locate parts in C515 125 J153 105 R109 112 

the transmitting system. The chart lists, by 
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Reference Fig. Reference aie Reference Fig. Reference Fig. Reference Fig. Reference Fig. 
symbol No. symbol Oo. symbol No. symbol No. symbol No. symbol . No. 

R110 112 R156 107 R515 104 $505 123 V151 106 XV155 107 

R111 112 R157 107 R516 104 $506 102 V152 106 XV156 106 

R112 112 R158 107 R517 104 $1101 106 V153 106 XV1101 114 

R113 112 R159 107 R520 103 T101 113 V154 106 XV1102 114 

R114 112 R160 110 R1101 114 T102 113 V155 106 Z151 109 

R115 H12 R162 108 R1102 114 T1038 113 V156 106 Z152 109 

R116 112 R163 108 R1103 114 ASL 106 V502 103 Z153 109 

R117 112 R164 108 R1105 114 Pib2 107 V1101 106 Z154 109 

R118 lal R165 108 R1106 114 T5383 106 V1102 106 Z155 109 

R119 112 R166 108 R1108 114 T502 103 De Pay 108 Z156 109 

R120 112 R167 105 R1109 114 T504 104 XI 152 106 Z157 109 

R122 112 R168 110 R1110 114 T1101 106 PC DWE 110 Z158 109 

R124 112 R169 108 $151 107 TPO“ INS XI 501 103 Z159 109 

R125 112 R171 108 $152 105 AN ENO? AS XV101 112 Z161 106 

R126 112 R172 106 S153A 107 TP103 113 XV102 112 Z501 103 

R128 106 R173 110 $153B 107 TP104 113 XV103 12 Z502 103 

R151 107 R506 103 $154 106 AEN ETI 111 XV151 107 Z503 104 

R152 107 R508 103 $155 106 TET52 111 XV152 107 Z507 104 

R153 107 R509 103 S501 103 V101 113 XV153 107 Z508 104 

R154 107 R510 125 S504A 125 V102 113 XV154 107 Z1101 106 

R155 107 R514 125 S$504B 125 V103 113 

J505 

1506 == 

0 531 

M502 M501 

$506 

J503 

J508 

I : 3502 | 
TMII67-35-158 

Figure 102. Radar Receiver-Transmitter RT-212/TPS-1D, front panel view. 
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T502 $501 E505 R508A-K E508 

ESO! 

v502 

P5!16A/B8 

c5i7 

C516 

HRSOI 

E503 

| 

R506 

I501 (UNDER 

C512 ¢504 B501 r502 R520 xr501 X1501) 

TMII67-35-156 

Figure 103. Radar Receiver-Transmitier RT-2i12/TPS-1D, top right view. 
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c508 R516 RSI7 R515 C507A/8 C505 

J505 

J506 

C510 

0509 

M502 

; 
Z503 Z507 Z508 L502 T504 

‘TMII67-35-15 

Figure 104. Radar Receiver-Transmitter RT-212/TPS-1D, top left view. 
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mesg i ee ae is s , ies 

Ex. TRIGGER | ~ cf 

2 Ee ee J jis 5156 
FUT 

WARNING 
WAIT THIRTY SECONDS AFTER 

FURNING OFF POWER SEFORE 

G ANY COMPONENTS 

es anes WITHIN: THIS, UNIT 

MD-+144/TPS-1D 
RADAR MODULATOR oe Hen Slag 

WHILE: OPERATING 

TPUT 

7 Asi 418s 
“TMIL67-35-167 

Figure 105. Radar Modulator MD-144/TPS-1D, front panel view. 
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V1IS3 ViI54 VI56 VI55 Vi5i vi52 

a 

XVI56 

TI53 

UNDER 
(xvis6) 

C152 

R128 , a i. i 

BISI 3 

C158 
' ee 

(UNDER) 
Boece 

E152 
m6 ee 
Le oa sté4 

S110! un ssi 
x : j Hoke: 

VI102 | ee 
| 1 1152 

E1101 _ ~X1152 RCO, 

PULSE DELAY ? —— 

+. al NETWORK R172 
Z161 TIIOl CHASSIS (UNDER) C153 K152 

TMI167-35-162 

Figure 106. Radar Modulator MD-144/TPS-1D, top view. 
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XVI55 

XVI54 

XVIS53 

. TI52 

SIs! 

$153A/B 

RI56 

RIS! 

TM 116 7-35-163 

Figure 107. Radar Modulator MD-144/TPS-1D, rear view. 
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R171 XT i5! 

ASSEMBLY 
UNBOLTED 
FROM FRAME 

TI {51 
“HIGH VOLTAGE 
WARNING LIGHT 

L15!) 

TRIGGER 
CHASSIS RI62 RI63 RI64 RIGS RIGG PANEL C 

TMII67-35-164 

Figure 108. Radar Modulator MD-144/TPS-1D, lower left side view. 
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FILTER COVER 
(REMOVED) 

MOUNTING SCREW 

Z15) 

Z155 

zZise 

Z156 

Z1.53 

Z154 

ZIS7 

Z158 

ZLS83 

FILTER 
SHIELD 

| 
TMIi67-35-165 | 

Figure 109. Radar Modulator MD-144/TPS-1D, right side view. 
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ASSEMBLY XI153 RI73 

| UNBOLTED mye 
FROM FRAME | ©) O 

Ri6i 

©) O NOT USED 

PANEL B 

. 

TRIGGER E101 HRI52 
CHASSIS 

HRISI 

(BEHIND) 
HRIS2 

E102 : 
LI5I 

TPISI 

Je TPISe 

Ri68 

KIS\ 
A/B 

ASSEMBLY 

UNBOLTED 
CI56 & C157 FROM FRAME 

TMI167-35-166 

Figure 110. Radar Modulator MD-144/TPS-1D, lower right side view. 

226 

Eee eee 



INTERLOCK 
DEFEATING 
LEVER 

RIO. RGB 
_ TMII67-35-168. 

Figure 111. Radar Modulator MD-144/TPS-1D, right side view. 
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ClO3 ci02 

R104 

RI1O RIOS 

RIO6 

TPIOL R102 

R103 

XVIOl R107 

R1I08 

ClO5A/B 
RIO9 

ClOIA/B 
(HIDDEN) 

R112 

RI13 

R114 

XVIO2 C104 

RIS 

RIIG 

TPIO2 

R118 

Ril 

TIO2 : 
RII7 

TPIO3 RIO} 

TPIO4 R125 

XVIO3 
R126 

C107 
R124 

cios 
(NOT USED) 

Ri22 

RUD 

XVIO4 
(NOT USED) 

R120 

TPIOS 
(NOT USED) 21 

OT USED) 

R123 
(NOT USED) 

TIO1 

E1101 

TM1167-35-160 

Figure 112. Radar Modulator MD-144/TPS-1D, trigger chassis, bottom view. 
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Ep} 
i ii 

i 
Te ae 

TI04 : 
(NOT USED). 

TIOl 

TPIO5 
(NOT USED) } 

VIO3 

TPIO4 > TPIO3 

Tio2 

T1103 

vio2 

TPIO2 

TPION ae 
(HIDDEN) — Pa es 

Viol 

EIOI 

E102 

TMI16— 35-161 

Figure 113. Radar Modulator MD-144/TPS-1D, trigger chassis, top view. 
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R102 
~o7 (HIDDEN) 

at 
+ 

THO! ——— 
RIO 

: cilol 

EI0l 

RIO 

XVIlOl 

—.. RHO3 
(HIDDEN) 

ROS 
— (HIDDEN) 

ee RIE 

XVil02 
C103 

CiHO6 

$1101 

RIIO9 

A _TMII67-35-169_ 

Figure 114. Radar Modulator MD-144/TPS-1D, pulse delay network chassis, bottom view. 
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214. Transmitting System Controls and 
Adjustments 

The following charts list the controls and 

adjustments that are functionally part of the 

transmitting system. 

a. Controls Located in Indicator. 

Location 
Control (fig. No.) 

RADIATE ON 158 

switch S616. 

RADIATE 158 

OFF switch 

S615. 

Function 

Energizes radiate relay K152 and 

radiate interlock relay K405, 

providing time delay relay 

K401 has completed its cycle. 

Relay K152 applies primary 

power to the high-voltage 

power supply. Relay K405 

holds K152 energized and re- 

duces the magnetron filament 

voltage to its operating value. 

Deenergizes relay K152 and 

K405. 

b. Controls Located in Receiver-Transmitter. 

Function 

Location 
Control (fig. No.) 

MAGNETRON 102 

TUNING 

0531. 

TEST SELEC- 102 

TOR switch 

S506. 

Varies magnetron frequency from 

1,220 to 1,350 mes (par. 232). 

Connects meter M501 in the 

magnetron filament circuit 

when in the MAG. FIL. 

position. 

c. Controls and Adjustments Located in 

Control or Location 
adjustment (fig. No.) Function 

and removes the plate supply 

voltage from internal repetition 

rate multivibrator V101. IN- 

TERNAL position connects 

C105A as a cathode bypass for 

V102A, applies plate voltage 
to V101, and disconnects J102 

from the cathode of V102. 

REP. RATE 105 | Controls the frequency of »the 

CONTROL internal repetition rate multi- 

R167. vibrator by varying the time 

constant in the grid circuit of 

V101B. 
SEC DELAY 106 | Selects 12.4- or 37-microsecond 

switch $1101. delay between the IFF pre- 

trigger and the radar trans- 

mitter trigger. Shorts out a 

portion of delay line Z1101 in 

the 12.4-microsecond position. 

Balance Control 110 | Adjusted so that opposing mag- 

R168. netic fields in K151 are equal 

when the transmitting system 

is operating normally. 

Coarse fre- 112 | In series with REP. RATE 

quency con- CONTROL R167 in the grid 

trol R110. circuit of V101B. Adjusted so 

that the highest repetition rate 

available by varying R167 is 

400 pulses per second. 

215. Transmitting System Fuses 

Modulitor The following chart lists the fuses that pro- 

tect the transmitting system circuits. The 
Control or Location 3 . 
adjustment (fig. No.) Rael on chart also lists the rating of each fuse, the 

oe. Bre eas ely es y blown fuse indicator that lights when the fuse 
1 position connects - ; : 

a EXT. TRIGGERINPUT jack 8 blown, the circuit that each fuse protects, 
switch $152. J152 to the cathode of block- and the figure that shows the location of each 

ing oscillator keyer tube V102 fuse. 

Rating Blaw ’ 

Kuseywe |= fae Circuit protected Aen 
Volts ‘Amps indicator g. ; 

F403 250 4 I 403 | Magnetron filament supply transformer T504__.._..-..-..----.----.----- 173 

F406 250 6.25 I 406 | +27-volt de power supply transformer T403.--.--.....+-2-2------------- 173 

F410 250 6.25 I 410 | Filament transformer T152 for high-voltage rectifier tubes V151 and V152, 173 

charging diodes V153 and V154, and shunt diode V155 (T152). Filament 

transformer for thyratron keyer tube V156 (T153). 

F411 250 30 P44 ieiiich-voltage power transformer “Tlol oo 2.2.5 vena dase op Bd <n ge a~- 2h 173 

SOOT Ay ewe tS he JSS Magnetron overtemperature control. Opens at 185° F. and must be reset 103 

manually. 
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216. Normal Readings of Transmitting 
System Panel Meters 

The following tables list the meters that 

monitor important phases of operation of the 

transmitting system, reference a figure that 

shows the location of each meter, and give the 

function of each meter. 

a. Radar Receiver-Transmitter RT-212/ 

TPS-1D. 

Location Meter {fica NG.) Function 

T meter M501 (de, 102 | With TEST SELECTOR 

no calibration, switch in MAG. FIL. 

red line at position, indicates the 

midscale). magnetron filament volt- 

age. The reading should 

be at the red line when 

the set is radiating and at 

65 to 83 percent of full 

scale when the set is not 

radiating. 

MAGNETRON 102 | Indicates the average plate 

CURRENT current of magnetron 

meter M502 V502. The normal reading 

(O— to 100-ma is between 40 and 44 ma 

de scale). but must never exceed 

46 ma. 

b. Power Supply PP-674/TPS-1D. 

Meter Eon Function 

VOLTMETER 173 | Indicates the ac voltage 

M401 (0 to 150 applied to the radar set at 

volts ac). the power supply. The 

normal reading is between 

110 and 120 volts. 

OPERATING 173 | Indicates the cumulative 

HOURS meter radiation time in hours. 

M402 (electric 

clock calibrated 

from 0 to 1,000 

hours). 

LINE FRE- 173 | Indicates the frequency of 

QUENCY meter the primary power. The 

M403 (five normal reading is between 

vibrating reeds 

calibrated from 

380 to 420 cycles). 

384 and 416 cycles. 

217. Normal Indications at Transmitting 
System Test Points 

The following tables list the test points that 

are provided to test the operation of circuits 

in the transmitting system, reference a figure 
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that shows the physical location of each test 

point, and give or reference the normal indica- 

tion at each test point. 

a. Test Points in Radar Modulator MD-144/ 

TPS-1D; 

Test Location Boiit (fig: Noy) Normal indication 

TP101 113 | Internal repetition rate multivibrator 

waveform (plate VIOIA, A, fig. 208). 

TP102 113 | Internal trigger for blocking oscillator 

keyer (grid V102A, F, fig. 208). 

TP103 113 | Output of blocking oscillator V102 (2-4 

winding of T102, W, fig. 208). 

TP104 113 | Output of cathode follower V103 (primary 

of T103, X, fig. 208). 

DPS 111 | Z161 charging waveform (junction of 

R157, R158, and R159, BB, fig. 208). 
TP152 111 | Ground connection for test equipment. 

J153 105 | Modulator trigger (secondary of T103, 

waveform shown on modulator front 

panel). 

J156 105 | Sample of pulse output to transmitter (tap 

on voltage divider between pulse output 

jack J155 and ground, CC, fig. 208). 

b. Test Points in Radar Receiver-Transmitter 

RT-212/TPS-1D. 

Test Location 
point (fig. No.) Normal indication 

J501 102 | Connection to directional coupler. 

J506 102 | Indicator trigger from T1-T2 winding of 

T502, A (fig. 222). 

218. Dc Resistance of Transmitting System 
Inductive Components 

The following tables list the transformers, 

coils, and relays in the transmitting system, 

reference a figure that shows the location of 

each, and give the dc resistance of every wind- 
ing. 

a. Transformers, Coils, and Relays in Radar 

Modulator MD-144/TPS-1D. 

Transformer ion De resistance 
coil or relay (fig. Terminals (ohms) 

No.) 

Kibip ah eae 110 1-7 500 +10%. 

5-6 500 +10%. 

Ki 522 ee ee 106 X1-X2 110 +10%. 

Lill eae ae lOSs12 2 foe ee 70. 

lS 22o2 eee oe 106; 5224 fae eae Less than 1. 

THO Rese e ra nee 113 1-2 5.2 max. 

3-4 Less than 1. 

5-6 Less than 1. 



Transformer tion De resistance 
coil or relay (fig. Terminals 

No.) 

Aly hs ees 113 1-6 8.4 max. 

2-4 19 max. 

3-5 19 max. 

MIO Gee eee eet 113 | Primary. 20 max. 

Secondary. 34 max. 

4 RAVSp bashes eee eee 106 1-2 Less than 1. 

2-3 Less than 1. 

3-4 Less than 1. 

5-6 150 max. 

6-7 150 max. 

SUisO) ek. ogee 107 1-2 Less than 1. 

3-4 Less than 1. 

5-6 Less than 1. 

Ale bore PS! 106 1-2 Less than 1. 

3-4 Less than 1. 

OI ke 106 1-6 3: 

4-5 sy 

2-3 12: 

Z151 through LOOR Ee eee tee Tees sat Less than 1. 

Z159 

CANO hes ee ee 106 1-4 1,500. 

Section Il. 

219. General 

Two troubleshooting procedures are provided 

to assist in isolating trouble that has been sec- 
tionalized to the transmitting system. If you 

are not sure the trouble is in the transmitting 

system, use the troubleshooting chart based 

on starting procedure (par. 210) to sectional- 

ize the trouble to a system. Then if the trouble 

is in the transmitting system, the troubleshoot- 

ing chart based on starting procedure will 

localize the trouble to either the modulator or 

the receiver-transmitter. 

a. Symptom Troubleshooting (par. 222). 

Troubles that have been sectionalized to the 

transmitting system can usually be isolated 

most rapidly by following a procedure based on 

symptoms that localize the trouble to a chan- 

nel, circuit, or stage. The symptoms given 

in paragraph 222 consist of indications on 

MAGNETRON CURRENT meter M502, on 

meter M501 when TEST SELECTOR is set 

at MAG. FIL; and other visible or audible 
indications of malfunctioning. To trouble- 

shoot the transmitting system, using the symp- 

tom troubleshooting chart, proceed as fol- 
lows: 

b. Transformers and Coils in Radar Receiver- 

Transmitter RT-212/TPS-1D. 

clipty ite Fh kdlbaou Gee 
No.) 

502223 aiest iat no 1040 |e Re eae Less than 1. 

T 502 Bie weer’ Taran 103 | P-H1 to P-LO | Less than 1. 

T1-T2 Less than 1. 

F1-Sec H1 Less than 1. 

F2-Sec H1C Less than 1. 

T5042 ere eee 104 1-2 1.2. 

2-3 Less than 1. 

3-4 Less than 1. 

4-5 Less than 1. 

5-6 Less than 1. 

7-8 Less than 1. 

PAR Y CHOYG YAS OPAS seal ROSY Poe. 2S ote aah ie Less than 1. 

L503 27:50 ean piel US a een eens nee eee Less than 1. 

Z508. . 

TROUBLESHOOTING CHARTS 

(1) Observe all indications related to 
transmitter malfunctioning. 

(2) Compare the indications obtained with 

those listed in each of the symptoms. 

(3) If the indications obtained correspond 

to those listed in a particular symp- 

tom, follow the procedure given in 

the corrective measures column to 

isolate the trouble. 

(4) If the trouble cannot be isolated by 

symptom troubleshooting, refer to the 

step-by-step troubleshooting chart. 

b. Step-by-Step Troubleshooting Chart (par. 
223). The transmitting system step-by-step 

troubleshooting chart consists of a series of 

steps designed to evaluate all phases of opera- 

tion of the transmitting system. In general, 

use this chart if the trouble cannot be isolated 

by symptom troubleshooting (a above). To 

troubleshoot the transmitting system, using 

the step-by-step troubleshooting chart, proceed 

as follows: 

(1) Locate the test point given in step 1. 

(2) Connect the test equipment and set 

the controls on the test equipment as 

directed in the test equipment column. 
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(3) Set the controls on the radar set as 

directed in the radar set controls col- 

umn. 

(4) Compare the indications obtained on 

the test equipment with the indica- 

tions that are given or referenced in 

the normal indications column. 

(5) If the indications obtained on the test 

equipment are normal, proceed either 

to the next step or as directed in the 

normal indications column. 

(6) If the indications are abnormal, pro- 

ceed as directed in the corrective 

measures column. 

220. Test Equipment Required to Trouble- 
shoot Transmitting System 

Test equipment Common name Literature 

Oscilloscope AN/USM- | Oscilloscope___....| TM 11-5103 
24C, or USM-50. T 11-5129 

Electron Tube Test Set | Tube tester_-_____- TM 11-5083 

TV-7B/U. 

Dummy Load TS-—234/ | Dummy load__-_--- TM 11-1263 

UP: 

Dummy Antenna TS— | Dummy antenna__| TM 11-1093 

Wty ARIE, 

Multimeter TS-352B/U, | Multimeter______- TM 11-5527 

or ME-77/U. 

221. Preparation of System Components for 
Troubleshooting 

a. General. The modulator and receiver- 

transmitter are readily accessible for most 

troubleshooting procedures. The interconnect- 

ing cables are long enough to allow either unit 

to be withdrawn far enough to change all tubes 

including the magnetron. Each unit is 

equipped with safety catches that engage when 

the unit has been withdrawn about 16 inches. 

(See TM 11-1167-10 for details on the opera- 

tion of the safety catches.) It will be neces- 

sary to completely remove either unit from its 

case to check some components. 

Symptom Probable cause 

b. Modulator. To make the modulator ac- 

cessible for’ troubleshooting : 
(1) Loosen eight knurled and slotted-head 

captive screws and slide modulator out 

until safety catches engage. 

(2) Disable the interlock. 

(3) If it is necessary to remove the modu- 

lator from its case, turn off the power, 

disconnect the cables, remove the 

modulator from its case, and recon- 

nect the cables. 

c. Receiver-Transmitter. To make the re- 

ceiver-transmitter accessible for troubleshoot- 

ing: 

(1) Loosen eight knurled and slotted-head 

captive screws and slide the receiver- 

transmitter out until the safety 

catches engage. 

(2) Disable the interlock. 

(8) If it is necessary to remove the re- 

ceiver-transmitter from its case, turn 

off the power, disconnect the cables, 

remove the receiver-transmitter from 

its case, and reconnect the cables. 

222. Transmitting System Symptom 
Troubleshooting Chart 

Warning: Extremely dangerous voltages 

exist in the transmitting circuits of the re- 

ceiver-transmitter and the high-voltage power 

supply and keyer circuits in the modulator. 

a. Receiver-Transmitter. Before making 

voltage measurements in the receiver-transmit- 

ter, make sure that the set is not radiating, and 

then disconnect P505 from PULSE INPUT 

jack J505 on the front panel of the receiver- 

transmitter. 

b. Modulator. Do not make voltage meas- 

urements in the high-voltage circuits of the 

modulator. Before making resistance measure- 

ments in the modulator, ground L152 and the 

junction of the plate cap leads to V153 and 
V154 with a shorting bar. 

Corrective measures 

1. Abnormal reading on M501 

(fig. 102) when TEST SE- 

LECTOR switch $506 is in 

the MAG FIL position and 

radar set is not radiating. 
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Symptom Probable cause 

Magnetron filament open; de- 

fective filament power supply 

or metering circuit. 

a. Meter reading is zero-_- ----_-- 

b. Meter reading is too high- - --__ Defective magnetron filament 

circuit, power supply or me- 

tering circuit. 

c. Meter reading is too low_--__-_- Contacts of holding relay K405 
not shorting out R516, C508, 

or CR501, or metering circuit 

defective. 

2. Abnormal reading on MAG- 
NETRON CURRENT me- 

ter M502 (fig. 102). 

Caution: If the reading on M502 

is greater than 46 ma, do not allow 

set to radiate until the trouble has 

been remedied. 

a. M502 reading is abnormal 

with TRIGGER switch 8152 

in INTERNAL but is nor- 

mal with $152 in EXTER- 

NAL. 

Internal repetition rate multi- 

vibrator V101 or TRIGGER 

switch $152. 

b. M502 reading is abnormal 

with $152 in EXTERNAL 

but is normal in INTER- 

NAL. 
c. M502 reading is zero in either 

position of $152. No sweep 

on ppi or A-scope. OPER- 

ATING HOURS meter 

M402 is running. 

Trigger cable W3, TRIGGER 

switch $152, or trigger chan- 

nel in signal comparing sys- 

tem. 

High-voltage power supply, key- 

er circuits, pulse delay net- 

work, or trigger chassis cir- 

cuits. 

Corrective measures 

Measure the voltage between P516A and P516B on the 

magnetron filament connector (figure 212). The 

normal reading is 26.5 volts de with P516A negative. 

1. If the reading is high, remove P516 and check the 

magnetron filament. If it is open, replace the 

magnetron. 

If the reading is normal, check R514, S506, C511, 

M501, and associated wiring. 

3. If the reading is zero, measure the voltage between 

terminals 7 and 8 on T504. The normal reading is 

36 to 44 volts ac. 

a. If the ac voltage is normal, check C508, L502, 

CR501 and T502. 
b. If the reading is zero, check T504. 

Measure the voltage between P516A and P516B on the 

magnetron filament connector. The normal reading 

is 26.5 volts de with P516A negative. 

1. If the reading is normal, check C524 and R514. 

2. If the reading is too low, check C504, C505, C5074, 

and T502. 

Measure the voltage between P516A and P516B on the 

magnetron filament connector. The normal reading is 

26.5 volts de with P516A negative. 

N 

1. If the reading is normal, check S506, R514, C511, 

and M501. 

2. If the reading is low, check contacts of K405; also 

check C508 and CR501. 

Check repetition rate. With REP RATE CONTROL 

completely clockwise, it should be 400. If it is incor- 

rect, adjust R110. If it is impossible to adjust repeti- 

tion rate to 400 pps, using R110, replace V101 and 

then troubleshoot the stage using voltage and re- 

sistence measurements (fig. 209). Check $152. 

Check the trigger cable and $152, and if normal, refer 

to paragraph 210, step 12, abnormal indications, 

MAGNETRON CURRENT meter M501 reads too 

high or too low. 

1. Observe tubes V151 through V156. Filaments should 

be lighted. 

a. If all the filaments are lighted, proceed to 2 below. 

. If any tube is not lighted, replace it. 

ce. If V151, V152, V153, V154, and V155 are not 

lighted, check T152. 

d. If V156 is not lighted, check T153 and R153 and 
R128. 

2. Check the waveform at J153 (AA, fig. 208). 

a. If the waveform is normal, check voltage at TP151. 

The reading should be between 60 and 70 vde. 
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Symptom 

d. M502 reading is low with 
TRIGGER switch $152 in 

either INTERNAL or EX- 

TERNAL but power output 

is normal. 

e. M502 reading is low with 

TRIGGER switch S152 in 

either INTERNAL or EX- 

TERNAL and power output 

is less than normal. 

f. M502 reading is too high with 
TRIGGER switch 8152 in 

either INTERNAL or EX- 

TERNAL. 

3. The transmitter will not radi- 
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ate when RADIATE ON is 

pressed. Relays can be heard 

clicking in the modulator 

and the power supply while 

RADIATE ON is pressed. 

Probable cause Corrective measures 

(1) If the reading is normal, check keyer tube V156 

and L152. Next disconnect the lead between 

terminals B43A on E101 and B43A on E152 at 

E101 and measure the resistance from lead to 

ground. It should be 3,300 ohms. 

(2) If the reading is abnormal, replace V151 and 

V152 and then V153 and V154. If still abnormal 

make resistance measurements at tube sockets 

(fig. 209). 

b. If the waveform is abnormal, check V101, V102, 

V1101, V1102, and V103, and if they are normal, 

refer to step-by-step troubleshooting chart (par. 

223, steps 1 through 11). 

Metercircuibseaes- eee so =e Check C506, C507B, C510 and M502. 

V151, V152, V153, V154, V156, | 1. Set TRIGGER switch S152 to EXTERNAL, dis- 

or V502. Leakage from high connect EXT. TRIGGER INPUT cable at J152 

voltage to ground due to dust, and press RADIATE ON switch. Measure the 

dirt, and humidity. Tap on voltage between TP151 and TP152. The reading 

APG should be between 60 and 70 volts de, with TP151 

positive. 

a. If the reading is normal, replace V153, V154, V155, 

and then V502. 

b. If the reading is low, replace V151 and V152. If the 
reading does not increase, check all high-voltage 

insulators and tube sockets. All high voltage parts 

must be thoroughly clean and dry. 

2. If la or b above does not increase the M502 reading 

to normal, adjust the tap on T151 (par. 230). 

Leakage from the high-voltage | Clean and dry high-voltage insulators on T502. Check 

terminals of T502 to ground. the magnet and replace if necessary. The magnet is 

Magnet reduced in strength. rated at 1,400 +50 gausses but should be usable to 

down to 1,200 gausses. 

Defective V155, Z161, K151, Caution: Do not adjust R168 to correct this condition 

pulse cable pulse transformer, | unless adjustment is known to have been tampered with 

magnetron, or RF system. | because damage to equipment may result. See paragraph 

R168 misadjusted. 229 for adjustment of R168. 

a. Replace V155 with a new tube or with one known to 

be good. If the condition is not corrected, discon- 

nect cable from RF OUTPUT jack J502. Connect 

the dummy antenna to J502. (Three coax adapters 

are packed in Case CY-1297/TPS-1D, the outer 

conductor adapter and the short inner conductor 

adapter are used with the dummy antenna.) Press 
RADIATE ON. 

(1) If the radar set operates normally, refer to 

troubleshooting RF System (par. 252, symptom 
2). 

(2) If the same symptom is present disconnect the 

dummy antenna, connect the antenna, and pro- 

ceed to b below. 

b. Disconnect the pulse cable at J155 on the modulator. 

Connect the dummy load and press RADIATE 

ON. 

(1) If set operates normally check the pulse cable, 
pulse transformer, magnetron and RF parts in the 
receiver-transmitter. 



eee 

Symptom Probable cause Corrective measures 

(2) If the same symptom is present check Z161, 

K151, R152 to R156, R168, C156, and C157. 
4, The transmitter operates nor- Same as symptom 3 above. 

mally for an unpredictable 

period of time; then it kicks 

off. If RADIATE ON is 
pressed, it comes on again. 

5. The transmitter operates nor- 

mally for an unpredictable 

period of time; then it kicks 

off. If RADIATE ON is 
pressed, nothing happens. 

Same as symptom 3 above__-__- 

Magnetron overtemperature 

control S501 operating to kick 

set off. It may be caused by 

the magnetron overheating or 

a defective switch $501. 

Rest S501 (fig. 103) and press RADIATE ON. If 

the radar set operates normally for a period of 
time but then kicks off again: 

a. Check for proper operation of blower motor B501. 

b. Clean and/or replace the filter element. 

ec. Check and/or replace $501. (should open at 185° 

+7° F.) 

223. Transmitting System Step-by-step Trou bleshooting Chart 

Step Test point Test equipment Radar set controls Normal indication Corrective measures 

1 | Terminal 4A1 of 

E102 (fig. 103). 
Set multimeter 

controls to 

measure +300 

volts de. 

Oscilloscope- ---- 

Set POWER switch S602 

to ON. 

+300 volts de 

to ground. 

Troubleshoot 300-volt power sup- 

ply in power supply system 

(par. 420, step 5). 

2 | TP101 (fig. 103). Set TRIGGER switch 

$152 to INTERNAL. 
Waveform (B, 

fig. 208). 
Check V101; make voltage and 

resistance measurements at the 

tube socket (fig. 209). 

3 | TP102 (fig. 103)_-_| Oscilloscope Check C104 and R111. Waveform (F, 

fig. 208). 
4 | Pin 3, XV102 Oscilloscope__--- Set TRIGGER switch | Waveform (G, Check $152; troubleshoot signal 

(fig. 102). $152 to EXTERNAL. fig. 208). comparing system (par. 325, 

step 7). 

5 | E1101-1 DACIIGACODE ites | ue hae ee Waveform (I Check V102 and V1101; make 

(fig. 106). and J, fig. voltage and resistance measure- 
208). ments at tube sockets (fig.209). 

DelererPRETRIG- |-Oscillosecopes |i. 40-2 ee eect Waveform (K, Check C1101 and R1103. 

GER jack J157. fig. 208). 

fee V Olin 2-2. |) Oscilloscope. -.-|22- 3-2 eee et kl Waveform (R, Check V1102, C1103, C1104; 
fig. 208). make voltage and resistance 

measurements at the tube 

socket (fig. 209). 

Sei, WiS3d-Ss. ss... <-. WetiliGstaDe cdc. sec Fe es pen Waveform (S Check V102 and V1101; make 

and T, fig. voltage and resistance measure- 

208). ments at the tube sockets (fig. 

209). 
lbh vod le Sg 0S LR ee a Oscilldscope: Sai ore 8 eS Waveform (W, | Check T102. 

fig. 208). 

CUNEO bl od 17 Se aaa Oscilloscope sete tae ee re eae ee Waveform (X, Check V103 and C107; make 

fig. 208). voltage and resistance measure- 

ments at the tube socket (fig. 

209). 

HIG Wogeee ). So AP Oscilloscope: scare ime ses bey. gee ee Waveform (Z Check T103. 

and AA, fig. 

208). 

12 | Terminals Al and | Connect multi-. |_.-2._...0.4.-..-__-_--- 115 volts ac____- Check Z151 and Z152 and if nor- 

B1 of K152. meter to read 

115 volts ac. 

mal, refer to troubleshooting 

based on starting procedure 

(par. 210). 
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Step Test point Test equipment Radar set controls Normal indication Corrective measures 

13 | Terminals A2 and | Set multimeter | Connect Dummy Load | 115 volts ac_____ a. If voltage is present only while 

B2 of K152. controls to TS-234/UP to J155. RADIATE ON is pressed, 
measure 115 Disable interlocks. check K405. 

volts ac. Warning: Observe the b. If no voltage is present, check 

precautions in the first 

warning notice at the 

beginning of this chap- 

ter. Press RADIATE 

K152; then troubleshoot the 

+27-volt de power distribu- 

tion (par. 211). 

c. If relay chatters while RA- 

ON. DIATE ON is pressed or if 

meter drops back to zero 

shortly after RADIATE ON 

is released check V155, K151, 

R152 through R156, C156, 

C157, and Z161. 

14°). Pibl and T P1520) Set multimeter ea. ©" oes ee ee nee 60-70 volts de_._| Check V151 through V154. Make 

controls to resistance measurements at the 

measure tube sockets (fig. 209). 

60-70 volts 

de. 

15 | SUS: Sees Oscilloscope saul: 2) Seu ao. 7 ae aa ee ee Waveform (CC | Replace V155. Make resistance 

and DD, fig. measurements at the tube 

208). socket. 

166) MAGNE TRON GG. esto ety ee Connect receiver-trans- | M502 should Check pulse cable, pulse trans- 

CURRENT mitter to modulator. read between former T502, and magnetron 

Meter M502. Connect Dummy An- 40 and 44 ma. V502. 

tenna TS-235/UP to 

J502. Press RADIATE 

ON. 

17> | MAGNE TRON s heceee eee es ee Connect antenna to J502. | M502 should Troubleshoot RF system, (par. 

CURRENT Press RADIATE ON. read between 252, symptom 3). 
Meter M502. 40 and 44 ma. 

18 | Terminals 402 and | Set multimeter | POWER switch S602 to | 115 volts ac____- Refer to paragraph 210. 

803 on E503. control to ON. 

read 115 

volts ac. 

19, 4d. Lermingis 7 and 8...) Geb MUlGineler. yic 4. ae ae eee 36 to 44 volts ac_| Check T504. 

on transformer 

T504. 

controls to 

read 36 to 44 

volts ac. 

20 | P516A and P516B_| Set multimeter 

controls to 

read 26.5 

volts de. 

ee epee 26.5 volts de____ 

Section Ill. 

224. General 

The transmitting system consists of all the 

parts in Radar Modulator MD-144/TPS-1D 

and the parts located in Radar Receiver-Trans- 

mitter RT-212/TPS-1D actually used in trans- 

mitting. 

Warning: Extremely dangerous voltages 

exist in the modulator and receiver-transmitter. 

When removing and replacing parts in either 
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If reading is higher than normal, 

check magnetron filament. If 

reading is lower than normal 

check CR501, L502, C504, 

C505, C507A, C508 and T502. 

REMOVAL AND REPLACEMENT OF PARTS 

of these components, heed the high-voltage 

warnings. 

Radar Modulator MD-144/TPS-1D. The re- 

moval and replacement of all the tubes in the 

modulator and the magnetron in the receiver- 

transmitter are covered in TM 1167-20. Re- 

moval and replacement of all other parts, ex- 

cept filter networks Z151 through Z159 which 

are covered in paragraph 225, are covered in 

a and b below. 



a. Trigger Chassis. The trigger chassis is 

located on the bottom shelf of the modulator 

chassis. To replace parts in the chassis, loosen 

the four hexagonal-head screws that secure it 

to the modulator and remove it through the 

right side of the modulator. 
b. IFF Pretrigger Chassis. To replace 

parts in the pretrigger chassis, remove four 

bolts that secure the chassis to the modulator 

front panel, disconnect the cable, and remove 

chassis. 

225. Removal and Replacement of Filter 
Networks Z151 Through Z159 
(fig. 110) 

a. Removal of 7151 Through 27159. 

(1) Remove the modulator chassis (par. 

221) and place it on work bench with 

the front panel up. 

(2) Loosen four slotted hexagonal head 

screws that secure the trigger chassis 

(fig. 108). 

(3) Remove the trigger chassis. 

(4) Remove the screws that secure the 

front panel to the chassis. 

Caution: Do not lift the front panel far 

enough to place the strain on the wiring 

between the front panel and the chassis. 

(5) Lift the top end of the front panel 

far enough to expose blower motor 

assembly B151 (fig. 106). 

(6) Disconnect the wires on terminals 202 

and 303 of terminal strip E151 on the 
blower motor assembly. 

(7) Prop the front panel up far enough to 

accomplish the procedure in (8) 

through (13) below. 
(8) Remove the three screws that secure 

the filter cover (fig. 109). 

(9) Remove the filter cover. 

(10) Remove the four screws that secure 

the filter shield to the front panel. 

(11) Remove the four screws that secure 

the filter assembly subchassis to the 

filter shield. 

(12) Remove the two bolts that secure the 

defective filter to the subchassis. 
(13) Tag the leads and remove them from 

the filter. 

b. Replacement of Z151-159. 

(1) Secure the leads to the replacement 

filter and remove the tags. 

(2) Replace the filter and the mounting 

bolts. 

(3) Replace the filter assembly subchassis 

and the mounting bolts. 

(4) Replace the filter shield and the 

mounting bolts. 

(5) Replace the filter cover and the 

mounting bolts. 

(6) Connect the wires to terminals $202 

and 308 on E151. 

(7) Put the front panel in place and re- 

place the bolts. 

(8) Replace the trigger chassis and secure 

it. 

(9) Replace the modulator chassis, and 

secure it and connect the cables. 

Section IV. ADJUSTMENTS 

226. General 

a. This section covers all the adjustments 

in the transmitting system. These adjust- 

ments are in the modulator and receiver-trans- 

mitter. The procedure for making the mag- 

netron filament voltage adjustment and the 

pulse repetition rate adjustment is the same 

whether the components are on the bench or 

interconnected with the other components of 

the radar set. The high-voltage power supply 

adjustment and the protective relay balance 

adjustment can be properly made only when 

the components are interconnected. 

b. The following transmitting system ad- 

justments are in Radar Modulator MD-144/ 

TPS-1D. 

(1) Coarse frequency (repetition rate) 

adjustment R110 (par. 228). 

(2) Protective relay balance adjustment 

R168 (par. 229). 

(3) Modulator high-voltage adjustment 

T151 (par. 230). 

c. The following transmitting system adjust- 

ments are in Radar Receiver-Transmitter 

RT-212/TPS-1D. 
(1) Magnetron filament voltage adjust- 

ment (par. 231). 

(2) Magnetron frequency 

(par. 232). 

adjustment 
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d. Before making any of the adjustments in 

paragraphs 228 through 232, check for correct 

ac input (115 volts, 400 cycles) and +300 volts 

input. 

227. Test Equipment Required 

The following items of test equipment are 

required to completely aline the transmitting 

system. 

Test equipment Common name Teh 

Multimeter TS-352B/U, or | Multimeter____| 11-5527A 

ME-77/U. 
Oscilloscope AN /USM-24C, or | Oscilloscope_---| 11-5103 

AN/USM-50. 11-5129 

Test Set TS-172A/UP_______- Echo box. 22 2 -- 11-1262 

228. Coarse Frequency Adjustment R110 
(fig. 112) 

a. General. The coarse frequency adjust- 

ment (R110) is connected in series with REP. 

RATE CONTROL R167 which adjusts the 

pulse repetition frequency of the radar set 

when TRIGGER selector switch $152 is in the 

INTERNAL position. Coarse frequency ad- 

justment R110 is adjusted so that the maximum 

repetition rate obtainable (R167 fully clock- 

wise) is 400 pps. 

b. Procedure. 

follows: 

(1) Set TRIGGER selector switch $152 to 

INTERNAL. 

(2) Withdraw the modulator from its case 

until the stops engage. 

(3) Rotate REP. RATE CONTROL R167 

fully clockwise. 

(4) Connect the oscilloscope vertical in- 

put to J153. 

(5) Adjust oscilloscope controls to display 

two trigger pulses (Z, fig. 208). 

(6) Unlock R110 and adjust it so that the 

pulses are 2,500 microseconds apart. 

(7) Disconnect the oscilloscope leads and 

replace the modulator. 

(8) Lock R110. 

To adjust R110, proceed as 

229. Protective Relay Balance Adjustment 
R168 

a. General. Protective relay balance ad- 

justment R168 is connected so that its resist- 
ance can be divided between the ground return 

of coil A and coil B of K151. R168 is correctly 
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adjusted when coil A and coil B have equal 

currents flowing through them. 

Caution: If the transmitter cannot be kept 

on the air because of the operation of protective 

relay K151, do not readjust R168 to correct 

the condition because damage to the equipment 

may result. Readjust R168 for the following 

reasons only: 

(1) To compensate for changes in circuit 

characteristics in the protective cir- 

cuit. 

(2) To reset the adjustment because the 

control was inadvertently turned. 

(3) In an emergency, to maintain opera- 

tion. 

b. Procedure. 

follows: 

(1) Withdraw the modulator from its case 

until the stops engage and disable the 

interlock. 

To adjust R168, proceed as 

Warning: High voltages are ex- 

posed when the modulator is with- 

drawn and the interlock is disabled. 

(2) Observe the reading on MAGNE- 

TRON CURRENT meter M502 (fig. 

102). The reading should be between 

40 and 44 ma. 

(8) Check the voltage between terminals 

1 and 5 (+) and between 6 (+) and 

7 on the K151 terminal board adja- 

cent to R168. 

(4) Unlock and adjust R168 so that these 

voltages are equal. The voltage 

should be between 3 and 5 volts. 

230. Modulator High-Voltage Adjustment 
(T1151) 

a. General. The taps on the primary of 

T151 permit adjustment of the modulator high 

voltage. Need for adjustment is determined 

by the magnetron current. The magnetron 

current for 115-volt, 400-cycle input should 

be between 40 and 44 ma. For 115-volt, 400- 

cycle input, the taps affect the secondary volt- 

age as follows: 

Primary taps Total secondary voltage 

1-4 9,100 

2-4 9,600 

1-3 9,900 

2-3 10, 500 



b. Procedure. To make the adjustment, 

proceed as follows: 

(1) Turn on the equipment and allow at 

least 15 minutes warm up. (Trans- 

mitter current must not exceed 46 

ma.) 

(2) Adjust the line voltage to 115 volts, 

400 cycles. 

(8) Observe the reading on MAGNE- 

TRON CURRENT meter M502 and 

determine whether an increase or de- 

crease is required. 

(4) Shut down the equipment and adjust 

the primary taps as required. (See 

tap position in a above.) 

Warning: Observe high-voltage 

warnings. Ground L152 and the plate 

cap of V153 or V154 with a shorting 

bar before making adjustment. 

231. Magnetron Filament Voltage 
Adjustment (T504) 

a. General. The taps on the primary of 

T504 permit adjustment of the magnetron 

filament voltage. The adjustment is made by 

selecting primary taps that will provide the 

proper filament voltage when 115-volt, 400- 

cycle power is applied and the set is not radi- 

ating. Proper voltage under these conditions 

is 26.5 +1.4 volts. The test meter, with TEST 

SELECTOR switch S506 in MAG. FIL. posi- 
tion, should read between 65 and 83 percent 
of full scale with the set not radiating. For 

115-volt, 400-cycle input, the taps affect the 

secondary voltage as follows: 

Primary taps Secondary voltage 

1-6 36 

2-6 38 

3-6 40 

4-6 42 

5-6 44 

b. Procedure. To make the adjustment, pro- 

ceed as follows: 

(1) Turn on the equipment and adjust 

the line voltage to 115 volts, 400 cy- 

cles. 

(2) Withdraw the receiver-transmitter 

from its case and measure the volt- 

age between P516A and P516B(+). 

Warning: Do not defeat the inter- 
lock or allow the set to radiate. If the 

set is radiating, extremely dangerous 

voltage is present at P516. 

(3) Shut down the equipment and adjust 

the taps as required. (See tap posi- 
tions in a above) 

232. Transmitter Frequency Adjustment 
(fig. 102) 

a. General. The MAGNETRON TUNING 

control is mechanically coupled to a diaphragm, 

the position of which affects the electric field 

in the magnetron cavities. Tuning is accom- 

plished by changing the position of the dia- 

phragm. The approximate frequency can be 

determined by interpolation of the tuning dial 

calibration (par. 8a(3), TM 11-1167-10). A 

more accurate check can be made by using the 

echo box. 

b. Procedure. ‘To adjust the magnetron 

frequency by using the echo box, proceed as 

follows: 

(1) Turn the radar set on. With the set 

radiating, allow at least 15 minutes 

for the set to warm up. 

(2) Connect the echo box to RF TEST 

jack J501 (fig. 102). 

(3) Tune the echo box to the desired fre- 

quency (TM 11-1262). 

(4) Adjust the MAGNETRON TUNING 

control to give maximum deflection 

on the echo box meter. 

Section V. FIELD TESTING 

233. General 

This section describes testing procedures re- 

quired to check the serviceability of a repaired 

transmitting system when the components of 

the radar set are interconnected. Bench test- 

ing of Radar Modulator MD-144/TPS-1D is 

described in paragraph 243. Radar Receiver- 

Transmitter RT-212/TPS-1D can be tested 

only with the complete radar set. Testing pro- 

cedures designed to check the serviceability of 

the complete radar set are covered in para- 

graph 448. 
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234. Test Equipment Required 

The following items of test equipment are 

required to completely test the serviceability of 

the transmitting system. 

Technical 
manual Test equipment Common name 

Oscilloscope AN/USM-24C, | Oscilloscope--------| 11-5103 

or AN/USM-50. 11-5129 

Dummy Load TS-234/UP___| Dummy load- - - - -- 11-1263 

Dummy Antenna TS-235/ | Dummy antenna---} 11-1093 

UP; 
Test Set TS-172A/UP______ chor ooxe see ae 11-1262 

Summation Bridge AN/ | Summation bridge--_| 11-5128 

URM-23. 

235. Transmitter Average Power Output 
Measurement 

The average power output is an indication 

of peak power, provided the repetition rate is 

correct and the magnetron spectrum is satis- 

factory. 

a. General. The average power output of 

the transmitter is measured as follows: 

(1) A portion of the transmitter output 

is coupled out of J501 through the 

direction coupler. 

(2) A measurement is made of the amount 

of power at J501. 

(3) The amount of power at J501 is multi- 

plied by a factor which is determined 

by consulting the power multiplication 

curve on the directional coupler out- 

put characteristic chart (fig. 17, TM 

11-1167-20). 
(4) The average power should be a mini- 

mum of 460 watts. 

b. Procedure. The following procedure uses 

the summation bridge to measure the average 

power of the radar set. 

(1) Connect the summation bridge input 

to RF TEST jack J501 using 20-db 

attenuator. See TM 11-5128. 

(2) Energize the summation bridge and 

the radar set. Check the line voltage 

and the frequency. It should be 115 

volts, and 400 cycles. 

(3) Set the TRIGGER selector switch to 
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EXTERNAL. 
(4) After the time delay has completed 

its cycle, press the RADIATE ON 

button. Check the magnetron cur- 

rent. It should be between 40 and 

44 ma. 

(5) Follow instructions in TM 11-5128 to 

determine the amount of power at 

J501. 
(6) Using the power multiplication curve 

in figure 17, TM 11-1167-20, deter- 

mine the factor that the power at 

J501 must be multiplied by. 
(7) Multiply the amount of power ((5) 

above) by the factor ((6) above) to 

determine the average power of the 

radar set. The minimum average 

power output is 460 watts. 

236. Magnetron Spectrum Analysis 

A spectrum analysis is used to determine 

that most of the energy in a radar pulse is 
within the band pass of the receiver. It can 

also be used to check the width of the pulse 

being applied to the magnetron. 

a. General. A spectrum analysis is made 
as follows: 

(1) A sample of the output of the trans- 

mitter is coupled to the echo box. 

(2) The echo box is tuned through the 

range of frequencies giving a deflec- 

tion on the meter. 

(83) The meter readings and the dial cali- 

brations at which they occur are used 

to plot the spectrum. 

b. Procedure. To make a spectrum anal- 

ysis with the echo box, proceed as follows: 

(1) Connect the echo box to RF TEST 

Jack J501; use cable W-103 supplied 
with the echo box. 

(2) Energize the transmitter and check 

for normal transmitter current (40- 

44 ma). 

(3) Using instructions supplied with the 

echo box, plot the magnetron spec- 

trum, determine whether the spec- 

trum is acceptable and the pulse width 

is within limits. The pulse width 

should be between 1.95 and 2.35 sec. 



Section VI. 

237. General 

This section covers bench servicing of the 
modulator. The following information will be 

helpful when bench servicing the modulator. 

Information Location 

Radar Modulator MD-144/TPS-1D, | Fig. 210 

complete schematic diagram. 

Location of parts in modulator - -- --- Par. 213 and figs. 105 
through 114. 

Modulator waveforms. ------------- Fig. 208 

Modulator voltage and resistance | Fig. 209 

diagram. 

Controls and adjustments__________- Par. 214c 

Normal indications at test points_-___| Par. 217a 

Resistance of inductive components__| Par. 218a@ 

Removal and replacement of parts___| Par. 224 

238. Test Equipment Required 

The following items of test equipment and 

cables are required to bench service Radar 

Modulator MD-144/TPS-1D. The cables are 
supplied with Test Set AN/MPM-23. 

Test equipment Common name No peatec 

Multimeter TS-352B/U, | Multimeter__-_-__- 11-5527A 

or ME-77/U. 

Oscilloscope AN/USM-— | Oscilloscope------- 11-5103 

24C, or AN/USM-50. 11-5129 

Electron Tube Test Set | Tube tester_-__-___ 11-5083 

TV-7B/U. 
Dummy Load TS-234/ | Dummy load_---_- 11-1263 

UP. : 
Power Supply PP-674/ | Power supply - ---- This manu- 
TPS-1D. al, chapter 

8 

Motor Generator PU- | Motor generator___| 11-978 

20B/C. 

Electrical Power Cable 

Assembly CX—2002/U. 

Electrical Power Cable | None-_----------- 11-1250 

Assembly CX—1997/U. 

Nonea.-. (1 20824 11-1250 

239. Bench Servicing Connections 

Follow the directions in a through d below 

to connect Radar Modulator MD-144/TPS-1D 

for bench servicing. 

BENCH SERVICING RADAR MODULATOR MD-144/TPS—1D 

a. Disconnect the cables from the front panel 

of the modulator. 

b. Release the eight captive screws on the 

front panel of the modulator, remove the unit 

from its case, and disable the interlock (par. 

207b). 

c. Make all the connections shown in figure 

115. If a power supply off-on switch is de- 

sired, replace the jumper between terminals 

1603 and 1703 on terminal board E401 with 

a single-pole, single-throw switch. The cables 

necessary to make the connections are supplied 

with Test Set AN/MPM-23. 

d. When the modulator is connected as shown 

in figure 115, the results are as follows: 

(1) The equipment is energized when the 

generator is running. 

(2) The switch connected to terminal 

board E404 functions as a radiate on- 

off switch. 

(8) The protective relay (K151) and the 

radiate relay (K152) will chatter in 

the event of an overload. If chatter- 

ing occurs, the radiate on-off switch 

should be thrown to off until the cause 

of the overload is determined. 

(4) The complete modulator, except the 

external trigger input circuit, can be 

checked with TRIGGER switch S152 

in the INTERNAL position. The ex- 

ternal trigger input circuit should be 

checked with an ohmmeter. 

240. Bench Troubleshooting Radar 
Modulator MD-—144/TPS—1D 

a. Connect the modulator for bench servicing 

(par. 239). 

b. Follow the step-by-step troubleshooting 

chart, steps 1 through 15 with the following 

changes: 

(1) In step 1, power is applied to the 

equipment by starting the motor gen- 

erator. 

(2) In step 18, the RADIATE ON switch 

is replaced by a single-pole, single- 

throw switch. Eliminate corrective 

measures (a) and (b). 
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MAKE THE CONNECTIONS LISTED BELOW IN POWER SUPPLY PP-674/TPS-ID: 

CONNECT SPST SWITCH BETWEEN TERMINALS 8A7 AND 8AIO ON TERMINAL BOARD E404. 
CONNECT A JUMPER BETWEEN TERMINALS O03 AND 2103 ON TERMINAL BOARD E403. 

CONNECT RESISTORS AND JUMPERS ON E401 AS SHOWN BELOW: 

RADAR MODULATOR 

MD-I44/ TPS-ID 

JIS5 

PULSE OUTPUT 
TO TRANSMITTER 

JI51 

POWER 
INPUT 

CORD 

CG-40/TPS-| 

DUMMY 
LOAD 

MEASURE 
PULSE 

O J701 J7020 

TEST LEAD 

CG-883/USM-24 

Figure 115. 

241. Bench Adjustment of Radar 

Modulator MD—144/TPS—1D 

All the adjustments in the modulator can 

be made when the unit is connected for bench 

Servicing (par. 239). The coarse frequency 

(repetition rate) control will be a final adjust- 

ment. The protective relay balance and the 
high-voltage adjustments should be checked 
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ELECTRICAL POWER CABLE 

ASSEMBLY CX2002/U 

OSCILLOSCOPE 

1703 1603 NC 7A 6A 

POWER SUPPLY 
PP-674/TPS-ID 

J405 

POWER IN 
SYSTEM 

O 

115/230 
VOLTS 

60 
CYCLES 

ELECTRICAL} POWER CABLE ASS/EMBLY CX-3640()/U 

MOTOR 
GENERATOR 

TMI167-35-172 

Radar Modulator MD-144/TPS-1D, bench servicing connections. 

after the modulator is interconnected as a com- 
plete radar set. 

Adjustment aby ee 

Coarse frequency (repetition rate) adjust- 228 
ment R110. 

Protective relay balance adjustment R168_ __ 229 
Modulator high-voltage adjustment T151____ 242 



242. Modulator High-Voltage Adjustment 
T151 

The modulator high-voltage adjustment is 

made by selecting the taps on the primary of 

T151 that usually give the correct value of 

magnetron current when the modulator is in- 

terconnected as a complete radar set (par. 230). 

243. Bench Testing Radar Modulator 
MD-144/TPS-1D 

A check of the width and amplitude of the 

output pulse at the proper repetition rate is a 

test of the serviceability of a modulator. 

a. General. The serviceability of a modu- 

lator is checked as follows: 

(1) The output of the modulator is con- 

nected to a dummy load having a volt- 

age divider provided for viewing the 

pulse. 

(2) The attenuated pulse is presented on 

an oscilloscope and the time between 

pulses and the width and amplitude of 

the pulse is checked. 

b. Procedure. The following procedure for 

testing the serviceability of a modulator makes 

use of the dummy load and the oscilloscope. 

(1) 

(2) 

(3) 

(4) 

(5) 

Connect the modulator for bench serv- 

icing (par. 239). 

Set the TRIGGER switch to INTER- 

NAL and the REP. RATE CONTROL 

completely clockwise. 

Energize the equipment by starting 

the motor generator. After 5 min- 

utes, press the RADIATE ON switch. 

Adjust the oscilloscope controls to dis- 

play two pulses and measure the time 

between pulses. It should be 2,500 

microseconds. 

Adjust the oscilloscope controls to dis- 

play one expanded pulse. Measure the 

pulse amplitude and width. The am- 

plitude must be between —4,3800 and 

—5,000 volts. The width must be be- 

tween 1.95 and 2.35 microseconds 

measured at a level 70 percent below 

the zero voltage level. 

Note. The actual oscilloscope waveform 

amplitude measured is between —43 and —50 

volts because the dummy load contains a 

100-1 voltage attenuator. An additional 

attenuation may take place if the oscilloscope 

probe also attenuates the waveform. 
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CHAPTER 13 

RF SYSTEM TROUBLESHOOTING AND REPAIR 

Warning: Extremely high voltages exist in the receiver-transmitter and antenna base. When 

servicing the RF system, observe the following precautions: 

1. Do not operate the transmitter with any of the coaxial transmission line sections 

disconnected. 

2. Turn off power and discharge capacitors C501 and C502 with a shorting bar before making 

resistance measurements in the keep-alive power supply. 

Section |. TROUBLESHOOTING INFORMATION 

244. Reference Data 

The following information will be helpful — 

when troubleshooting or repairing the RF sys- _ py, 80d, e, TM 11- | If antenna feed system. 

Reference Data 

tem. 1167-10. 
Par. 33b, c, TM 11- | RF line sections. 

Reference Data 1167-10. 

Pigcl osc) oe eee le Rf system, functional block dia- 

gram. 

Pars. 39 through 51_-___| Rf system, theory. < 

Figs. 16 through 23____| Rf system, simplified schematic 245. RF System Adjustments 

diagrams. — The adjustments that are functional parts 

Be Setters NOS Radar receiver-transmitter RT- = of the RF system are listed in the following 
212/TPS-1D, complete schema- anne: 
tic diagram. ¢ 

Wig. AS8s. 2025 eebe Antenna drive unit assembly, ex- Bil 

. ploded view. Adjustments SG Function 
Miga2 eas ee eee Radar _ receiver-transmitter RT- = 

212/TPS-1D, tube socket volt- 
age and resistance diagram. Tr tuning, V503----- 120 | Tunes tr cavity A 516 for 

Figs. 116 through 121__| Location of parts in the RF system. ; maximum signal. 

Fig. 17, TM 11-1167- | RF coaxial fittings and cables. Tr tuning, V504---__ 120 | Tunes tr cavity A 517 for 
10. maximum signal. 

Fig. 30. TM 11-1167- | Antenna spindle. Duplexer RF503 - - _- 117 | Position adjusted for maxi- 

10. mum signal. 

Fig. 31, TM 11-1167- | Antenna base lower RF lines Adjusting screw, 116 | Positions the center con- 
10. (right side). front end of ductor through the spindle 

Fig. 68, TM 11-1167- | Iff antenna. RFV51. in the antenna base. 
10. Adjustment clamp, 116 | Positions. the center con- 

Fig. 69, TM 11-1167- | Iff antenna radiator arrangement. RF851. ductor through the spindle 
10. in the antenna base. 
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4 
RF751 4 

ADJUSTMENT 
CLAMP 

ADJUSTING 
SCREW RF851 

RF854 

3502 

| 
—J501 i 

j 

RF855 

TMI167~- 35-26) 

Radar Receiver-Transmitter RT-212/TPS/1D, front panel view. Figure 116. 
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RFSO3 E506 E553 K501 

‘TMII67-35-262 
on Can as ond 

Figure 117. Radar Receiver-Transmitter RT-21 2/TPS-1D, bottom view. 
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E538 

C50! —_ 

R522 

c502 

R505: 
R523 

R504 

TERMINAL TERMINAL 
BOARD A R503 R502 ; BOARD C 

TMI167-35-263 

Figure 118. Radar Receiver-Transmitter RT-212/TPS-1D, keep-alive power supply subassembly. 
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250 

H535 

Figure 119. 

SHORTING | 
PiN , 

COUPLING 
LOOPS 

V503 H534 H562 v504 ee eae 
TMII67-35-264 

Radar Receiver-Transmitter RT-212/TPS-1D, duplexer assembly RF'503, disassembled view. 

ee 

———————— 

ae 



v504 V503 

-0 598 

0 597 

BOTTOM 
ACCESS 
DOOR 

ce ae ae oe TMI167-35-265 

Figure 120. Radar Receiver-Transmitter RT-212/TPS-1D, bottom access door and tuning adjustments. 
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J850 E808 gest ‘RF856_ 

ANTENNA . 
SPINDLE 

‘TMI167-35-266 

Figure 121. Antenna Base AB-221/TPS-1D, rear view with fan removed. 

246. RF System Fuses 

The following chart lists the fuses that pro- when the fuse is blown, the circuit that each 

tect circuits in the RF system. The rating of fuse protects, and a figure that shows the loca- 
each fuse, a blown fuse indicator that lights tion of each fuse are also listed. 

Rating 
pe ee ees OW Location 

Fuse fuse Circuit protected (fig. No.) 
Volts Amps indicator 

F403 250 4 I 403 | Keep-alive power supply transformer T501-_--_-------------------------- 173 
F406 250 6.25 I 406 | +27-volt power supply which provides operating power for shutter gate 173 

relay K501. 
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247. Normal Indications for RF System 

a. The test jack provided for obtaining test 

measurements in the RF system is R.F. TEST 

jack J501, the directional coupler output. It 

is located on the front panel of the receiver- 

transmitter (fig. 116). With the echo box 

connected to J501 normal indications are ob- 

served on the A-scope as being at least 12 miles 

of ring time at 1,280 me and on the ppi scope 

as continuous ppi sweep with no blank wedges. 

b. The echo box method gives a general idea 

of the RF system functioning and indicates 

the quality of RF501. To obtain a test indi- 

cation of the RF system which includes all 

interconnected line sections and cables from 

the output of RF501 to the antenna, a voltage 

standing wave ratio measurement is required. 

Section II. 

249. General 

Two troubleshooting procedures are provided 

to assist in isolating trouble that has been 

sectionalized to the RF system. If you are not 

sure the trouble is in the RF system, use the 

troubleshooting chart based on starting proce- 

dure (par. 210) to sectionalize trouble to a 

system. 

a. Symptom Troubleshooting (par. 252). 
Troubles that have been sectionalized to the 

RF system can usually be isolated most rapidly 

by following a procedure based on symptoms 

that localize the trouble to a section, assembly, 

or circuit. The symptoms that are given con- 

sist of indications obtained on the echo box 

and on the A-scope and ppi scope. To trouble- 

shoot the RF system based on symptoms, pro- 

ceed as follows: 

(1) Observe the indications obtained on 

the echo box and on the ppi and A- 

scope. 

(2) Compare the indications obtained with 

those listed in each of the symptoms. 

(3) If the indications obtained correspond 

to those listed in the Symptom col- 
umn, follow the procedure given in 

the Corrective measures column to 

isolate the trouble. » 

(4) If the trouble cannot be isolated by 

symptom troubleshooting, refer to the 

step-by-step troubleshooting chart. 

The normal limit of the standing wave figure 

is 1.65 : 1 (par. 266). 

248. Dc Resistance of RF System 
Transformer and Relay 

The following table lists the transformer 

and relay which are included in the RF system, 

references a figure that shows the location of 

each, and gives the dc resistance of every wind- 

ing. 

as ie Terhiinals De resistance 

No.) 

K50 [se aoa 117 YEL—BLK 260. 

BLK—RED fe 

Rs! ON DE (ate ae FE 118 1-2 (Gy, 

3-4 1,760. 

5-6 Less than 1. 

TROUBLESHOOTING CHARTS 

b. Step-by-Step Troubleshooting Chart (par. 

253). The RF system step-by-step trouble- 

shooting chart consists of a series of steps de- 

signed to evaluate all phases of operation of 

the RF system. Use this chart if the trouble 

cannot be isolated by symptom troubleshooting 

(a above). To troubleshoot the RF system 

using the step-by-step troubleshooting chart, 

proceed as follows: 

(1) Locate the Test point given in step 1. 

(2) Connect the test equipment and set 

the controls as directed in the Test 

equipment column. 

(3) Set the controls on the radar set as 

directed in the Radar set controls col- 

umn. 

(4) Compare the indications obtained on 

the test equipment with the indica- 

tions that are given or referenced in 

the Normal indications column. 

(5) If the indications obtained on the test 

equipment are normal, proceed either 

to the next step or as directed in the 

Normal indications column. 

(6) If the indications obtained are abnor- 

mal, proceed as directed in the Cor- 

rective measures column. 

250. Test Equipment Required to 
Troubleshoot the RF System 

The following items of test equipment are 

required to troubleshoot the RF system: 
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Technical 
Common name mend Test equipment 

Multimeter TS-352B/U, | Multimeter-_----- 11-5527A. 

or ME-77/U. 

Test Set TS-172A/UP_--_| Echo box__-_----- 11-1262. 

Pulse Generator AN/ | Pulse generator___| 11-1177. 

UPM-15. 
Signal Generator AN/ | Uhf signal gener- | 11-5553. 

URM-64. ator. 

Coaxial Slotted Line IM-— | Slotted line ------ 11-5109. 

92/U. 
Indicator, Standing Wave | Vswr indicator___| Packed with 

Ratio IM-97/USM- equipment. 

37. 
Adapter, Connector UG-— | Adapter. 

1252/U. 
Dummy Antenna TS—- | Dummy antenna-_| 11-1093. 

235/UP. 

251. Preparation of RF System Components 
for Troubleshooting 

a. General. Troubleshooting the RF system 

requires that all of the units be completely 

interconnected. The RF system can be divided 

into two sections, the RF components in the 

receiver-transmitter and the RF transmission 

lines from RF855 to, and including the antenna 

radiating horn. Troubles may be sectionalized 

by observing the effects when the RF lines 

are completely connected to the antenna, and 

then substituting the dummy antenna at R.F. 

OUTPUT jack J502. 

Caution: Do not attempt to remove or re- 

place any RF transmission line sections or the 

dummy antenna while the set is radiating. 

Never allow the set to radiate unless the RF 

system is terminated either with the dummy 

antenna or its own antenna. 

b. Receiver-Transmitter. Many of the RF 

system checks and adjustments are made in 

the receiver-transmitter using the echo box. 

Some of the adjustments that are required to 

obtain optimum performance from the RF 

system include adjustments which are a part 

of the receiving system. All of these adjust- 

ments are located on the underside of the re- 

ceiver-transmitter. 

c. Gaining Access to Receiver-Transmitter. 

To gain access to the receiver-transmitter for 

troubleshooting alining, or testing, proceed as 

follows: 

(1) Release the four captive screws on 

the front panel of the receiver-trans- 
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mitter and remove the chassis until 

stopped by the safety catches. 

(2) Loosen the five Dzus fasteners and 
open the forward part of the bottom 

access door. : 

(8) Defeat interlock switch $504, which 

is accessible through the small open- 

ing in the upper right side of the 

chassis. 

d. Checking RF Lines. The best method 

to check the efficiency of power transfer of the 

RF lines is the vswr measurement. The vswr 

measurement does not require that power be 

applied to the set because the RF lines are dis- 

connected from the set. 

e. Checking by Substituting Dummy An- 

tenna. When checking the performance of the 

RF system using the echo box, the RF lines 

should be connected. However, if the RF lines 

are suspected of being faulty, proceed as fol- 

lows: 

(1) Connect the echo box to R.F. TEST 

jack J501. 

(2) Turn on power, POWER ON switch 

S602 on the front panel of the indi- 

cator. 

(3) Wait for the 5-minute time delay re- 

lay to cycle in and then depress RADI- 

ATE ON switch S616 on the front 

panel of the indicator. 

(4) Tune the echo box to obtain a maxi- 

mum meter indication on the echo box 

tuning meter. 

(5) Tune tr tubes V503 and V504, duple- 

xer RF5038, and the local oscillator for 

maximum ringtime on the A-scope 
(par. 18, TM 11-1167-20). 

(6) Observe and record the echo box meter 

reading and the effects on the ppi- and 

A-scopes when the antenna is sta- 

tionary and then rotated. 

(7) Turn off power, POWER OFF switch 
$602. 

(8) Disconnect RF855 from R.F. OUTPUT 
J502. 

(9) Connect the dummy antenna to J502. 

(10) Turn on power, POWER ON switch 

S602. 

(11) Compare the results with (6) above. 

If the same indications exist, the fault 

is in the RF components in the 



Item 

6 

vi 

receiver-transmitter. If the indications 

are normal, the trouble is in the RF 

lines or the antenna which should be 

checked by vswr measurement (par. 

266). 

Symptom 

Frequent failur2 of signal mixer 

CR503. 

Protective relay K151 in modu- 

lator energizes when RADI- 

ATE ON switch $616 is de- 

pressed. 

Echo box indication on the 

A-scope shows ringtime low 

and echo box meter reading 

normal. 

Echo box indication on the 

A-scope shows a pronounced 

dip or notch in ringtime fol- 

lowing the pulse interval and 

the echo box meter reading is 

normal. 

Echo box indication on A-scope 

shows ringtime erratic in 

range and echo box meter 

fluctuates. Condition becomes 

worse when RF lines are 

rapped. 

Echo box indications normal 

when antenna is stationary 

but ringtime and echo box 

meter fluctuates when anten- 

na is rotating. Ppi indication 

has blank spaces. 

Echo box indications normal, 

but known targets appear 

weak or no targets at all. 

252. RF System Symptom Troubleshooting 
Chart 

Warning: 

exist in the RF sections and in the keep-alive 

Extremely dangerous voltages 

power supply of the receiver-transmitter. 

Probable cause 

Tr tube V503 or V504 function 

poorly or not at all, shutter 

gate relay K501 shorting pin 

stuck in the open position. 

Faulty RF lines or connections 

causing severe mismatch and 

possible arcing in lines. 

Duplexer assembly RF503 not 

properly tuned. 

Poor receiver recovery time 

* caused by faulty tr tube. 

Poor connections, faulty RF 

lines causing arcing, or defec- 

tive magnetron. 

Faulty rotating joint or reflect- 

ing object near antenna caus- 

ing transmitter pulling. 

Faulty RF lines, may have a 

high-voltage standing wave 

ratio caused by damaged RF 

lines, horn or reflector. In 

some cases this effect may be 

caused by severe weather con- 

ditions. 

a. 

b. 

Corrective measures 

Check output of keep-alive power supply (par. 

254). 
If normal, replace V503 and V504 (par. 36, 

TM 11-1167-20). 
Check the action of shutter gate relay K501 

for free movement of shoting pin by engaging 

and disengaging interlock switch S504. 

Check all RF lines and connections from J502 

through all cables up to the antenna horn 

for tightness and damage. 

Check all RF lines for warm spots caused by 
excessive standing waves. 

Check rotary joint RF752 for burned or 

damaged contacts (par. 256d). 

. Check tuning of V503 and V504 (par. 13, 

TM 11-1167-20). 
If ringtime cannot be maximized, check 

adjustment of duplexer assembly (par. 13, 

TM 11-1167-20). 
Check tr recovery time (par. 267). 

Note. Tr tubes are normally replaced every 500 to 1,000 

hours of use. To replace the tr tubes refer to paragraph 36, 

TM 11-1167-20. 

S Check all the connections of RF lines starting 
from J502 through all cables up to the 
antenna horn. 

Check all RF lines for warm spots caused by 

excessive standing waves. 

Check magnetron V502 spectrum for double 

moding (par. 236). 

Check for faulty rotating joint by stopping 

antenna in the direction of blank space on 

ppi. 
If normal, check rotating joint RF752 (par. 

256d). 

If abnormal, check for nearby reflecting objects 

by substituting the dummy antenna (par. 

25le). 

Check RF lines, horn and reflector for damaged 

condition. 

If inspection of RF parts seems normal, check 

RF transmission lines voltage standing wave 

ratio (par. 266). 
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Item Symptom 

Echo box meter reading and 

ringtime below normal or 

none at all, but signal returns 

normal. 

Weak or no targets on indicators, 

arcing sounds from vicinity of 

RF751. 

Probable cause 

Faulty directional coupler or co- 

axial line connecting between 

J504 and J501. 

Extremely cold temperatures 

causing moisture and frost to 

collect in RF751 during shut- 

down periods. 

Corrective measures 

a. Check continuity of coaxial line between J504 

and J501 for short or open. 

b. If normal, check directional coupler. 

Note. Directional coupler requires laboratory testing to 

determine 

spectrum. 

attenuation qualities throughout frequency 

a. Check RF751 for frost or moisture. If set is 

being operated in arctic climate having ab- 
normal temperature variations, moisture 

may collect in RF751 and form ice during 
shutdown periods. (Refer to par. 64, TM 

11-1167-10.) 

b. Disconnect hose from servo amplifier case to 

RF751 while this condition exists. 

253. RF System Step-by-Step Troubleshooting Chart 

Step Test point Test equipment 

IRE BES Echo box TS- 

J501 172A/UP. 

(fig. 116). 

2|R.F. TEST Echo box and 

J501 dummy 

(fig. 116). antenna. 
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Radar set controls Normal indications 

Radar set completely 
connected with RF 

lines terminated by 

the antenna. Apply 

power to radar set 

(S602), wait 5 min- 

utes and depress RA- 

DIATE ON switch 

S616 on front panel 

of indicator. Set the 

OPERATION SE- 
LECTOR switch S— 
2354, on the front 

panel of the signal 

comparator to NOR- 
MAL position. 

Caution: Shut off 

power before discon- 

necting RF855. 

Disconnect RF855 

from J502 and con- 

nect the dummy an- 

tenna. Apply power 

to radar set, wait 5 

minutes and depress 

RADIATE ON 
switch S616 on front 

panel of indicator. 

Echo box meter reads 

approximately 65 mi- 

croamperes, ring- 

time on ppi- and A- 

scope 12 miles or 

more at 1,280 me. 

Echo box meter reads 

approximately 65 mi- 

croamperes, ring- 

time on ppi- and A- 

scope 12 miles or 

more at 1,280 mc. 

Corrective measures 

a. Tune the echo box for maxi- 
mum meter reading only. 

b. Check tuning of the RF com- 

ponents to obtain maximum 

ringtime on the A-scope. 

(1) Tune pre-tr tube V503. 

(2) Tune tr tube V504. 

(3) Adjust duplexer RF503. 

c. Check tuning of receiving com- 

ponents to obtain maximum 

ringtime on the A-scope (par. 

290). 
(1) Local oscillator tuning. 

(2) Local oscillator injector 

RF503A. 

(3) Capacitor C305 (in IF 

amplifier). 

d. If normal, proceed to step X. 

a. If abnormal proceed to step 3. 

b. If normal proceed to step 4. 



Step Test point Test equipment Radar set controls Normal indications Corrective measures 

3 | Feed-through 

capacitor 

C518 (fig. 

13-2). 
Note. Follow pro- 

paragraph 254. 

cedure in paragraph 

254. 

4 | Voltage stand- Pulse generator, 

ing wave ratio uhf signal 

measurement generator, 

of RF lines slotted line, 

(par. 266). vswr indica- 

tor, adapter, 

and dummy 

antenna. 

254. Measurement of Keep-Alive Power 
Supply Voltage 

Caution: The keep-alive power supply pro- 

vides a voltage in excess of 800 volts. 

To measure the keep-alive voltage using the 

multimeter, proceed as follows: 

a. Shut off equipment power, POWER OFF 

switch S602 on the front panel of the indicator. 

b. Plug the black test lead into the de jack 

and connect the other end of the black test 

lead to a good ground connection on the chassis. 

c. Turn the function switch to 20,000 ohms/ 

volt de reverse. 

Section Ill. 

255. General 

The RF system consists of parts in Radar 

Receiver-Transmitter RT-212/TPS-1D, An- 

tenna Base AB-221/TPS-1D, and Antenna 

AS-548/TPS-1D. 

Warning: Extremely dangerous voltages 

exist in the receiver-transmitter. When re- 

moving and replacing parts, heed the high- 

voltage warnings. Observe the following pre- 

cautions before touching any part inside the 

receiver-transmitter. 

Make certain POWER switch S602 is OFF. 

Disconnect plug P508 from POWER INPUT 

jack J508. 

Disconnect plug P505 from PULSE INPUT 

jack J505. 

Multimeter____- Follow procedure in 

__.| Vswr, not greater than 

REMOVAL AND 

If abnormal, troubleshoot the 

keep-alive power supply (par. 

254). 

Approximately —800 

volts de +10%. 

Replace any section of RF trans- 

mission line that indicates a 

vswr greater than 1.65:1. 

1-65:1. 

d. Plug the red test lead into the 1,000-volt 

de jack and connect the other end to feed- 

through capacitor C518. 

e. Be sure all connections are secure and 

properly made before turning on power. 

f. Apply power to the set, POWER ON 

switch C602 on the front panel of the indicator. 

g. Record the voltage measured at the C518 

terminal. It should be approximately —800 

volts +10 percent. 

h. Shut off equipment power, POWER OFF 

switch S602, and discharge C501 and C502 

with a shorting bar before disconnecting the 

multimeter. 

REPLACEMENT OF PARTS 

Discharge capacitors C501, C502, and C509 

with a shorting bar. 

256. Removal and Replacement of Parts 

a. Keep-Alive Power Supply. The keep- 

alive power supply subchassis is mounted on 

the inside of the upper-front, right hand cor- 

ner of the receiver-transmitter. The high- 

voltage lead is fed through a feed-through 

capacitor (C518) to the lower section where 

the duplexer is located. 

b. Transmission Line RF501 and Duplexer 

RF503. RF transmission line RF501 is located 

in the lower section of the receiver-transmitter. 

Magnetron V502 is removed prior to attempt- 

ing removal of RF501. Shutter gate relay 

K501 is attached to the duplexer and requires 
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removal of the two leads (8A6 and 01) from 

terminal board E553 before attempting re- 

moval of duplexer assembly RF503. 

c. Rigid Coaxial Line Sections. When re- 

moving and replacing rigid coaxial line sec- 

tions, be careful not to damage the sections by 

bending or denting. Be sure that connections 

fit properly when the threaded connecting ends 

are screwed together. Be careful not to strip 

the threads of the connectors. If the threaded 

connector appears to bind, loosen and start 

again. 

d. Rotary Joint RF752. The rotary joint is 

connected as a part of the antenna base. Re- 

moval and replacement is not easily accom- 

plished. Be sure that the fault is in the rotary 

joint components before attempting removal 

of RF752 (par. 452b). 

e. Antenna Base. The rotary joint of the 

transmission line is located in the antenna base. 

When raising, lowering or moving the an- 

tenna base, the antenna is removed. This 

leaves the antenna spindle exposed and possi- 

ble damage to the center conductor may result. 

Spindle cap O 1703 is used to protect the ex- 

posed spindle whenever the antenna section is 

removed. 

f. Antenna AS-548/TPS-1D. Removal and 

replacement of the antenna is made less diffi- 

cult by first removing the additional sections 

of the antenna reflector. 

Section IV. ADJUSTMENT AND ALINEMENT 

257. General 

a. This section covers the adjustments of the 

RF system with the components of the radar 

interconnected. These adjustments are in 

Radar Receiver-Transmitter RT-—212/TPS-1D 

and Antenna Base AB-221/TPS-1D. The pro- 

cedures for making the adjustments are with 

the set completely interconnected because the 

RF component parts function as an integral 

part of the complete radar set. 

b. The duplexer is part of the RF system, 

but is usually alined with the local. oscillator 

and signal mixer which are in the receiving 

system. The duplexer, signal mixer, and local 

oscillator must be alined when the set’ is initi- 

ally installed (par. 18, TM 11-1167-20). 

c. The following RF system adjustments are 

located in Radar Receiver-Transmitter RT- 
212/ EPS-LD: 

(1) Adjustment of duplexer assembly 

RF503 (par. 13, TM 11-1167-20). 

(2) Adjustment of pre-tr tube V503 and 

tr tube V504 (par. 18, TM 11-1167- 
20). 

d. The following RF system adjustments are 

made to center the inner conductor when the 

antenna spindle is exposed and prior to mount- 

ing the antenna section to the antenna base. 

(1) Adjusting screw (par. 33b, TM 11- 

1167-10). 

(2) Adjustment Clamp’(par. 33b, TM 11- 
1167-10). 
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258. Tools and Test Equipment Required 

a. Test Equipment. The following items of 

test equipment are required to aline the RF 

system. 

Test equipment Common name Teretees 

Resthisetpus— LeaA) Ulzaaas = eee Echo box_____] 11-1262. 

Multimeter TS—352B/U or ME- | Multimeter_-_| 11-5527. 

77: 

b. Special Tools. The following special 

tools are required to aline the RF system. 

Tools Reference _ 

Strap rench sss nee ee =p ae Fig. 19, TM 11-1167—20. 

Upper rotary joint alinement | Fig. 19, TM 11-1167-20. 

cap. 

259. Centering Antenna Spindle Inner 
Conductor 

a. General. Before attempting to place the 

antenna on the antenna base, be certain that 

the inner conductor at the antenna spindle is 

properly centered. If the inner conductor is 

off center when the antenna is lowered onto 

the spindle, severe damage will be caused dur- 

ing the connecting process or excessive and un- 

even wear will occur at the rotary joint during 

antenna rotation. 



b. Procedure. Follow the procedure out- 

lined in the paragraph of installation of the 

antenna base and antenna (par. 33b, TM 11- 

1167-10). 

260. Adjustment of Duplexer Assembly 
RF503 

a. General. The duplexer is adjusted to 

obtain maximum signal returns. Duplexer ad- 

justment is required when making performance 

measurements and when RF or receiving com- 

ponent parts are replaced. 

b. Procedure. Adjustment of the duplexer 

is accomplished through the use of the echo 

box. Tune the echo box for maximum meter 

reading before any other adjustment is made. 

Follow the procedure outlined in the para- 

graph on receiver alinement, normal operation 

(par. 18, TM 11-1167-20). 

Section V. FIELD TESTING 

261. General 

This section describes testing procedures re- 

quired to check the serviceability of the RF 

system. Because the arrangement of the RF 

system requires the interconnecting of the com- 

plete radar set, it can only be checked as a 

completely connected set. Essentially the tests 

are for receiving and transmitting performance 

which gives a direct indication of the effective- 

ness of the RF system, except for the voltage 

standing wave ratio (vswr) measurement 

which indicates the ability of the RF compo- 

nents to propagate RF energy efficiently. A 

faulty RF system gives poor results when 

making transmitter power output and receiver 

sensitivity measurements. 

262. Test Equipment Required 

The following items of test equipment are 

required to test the serviceability of the RF 

system. 

Common name Reference Test equipment 

Summation Bridge | Summation bridge_| TM 11-5128 

AN/URM-23. 

Signal Generator AN/ | Uhf signal gener- | TM 11-5553 

URM-64. ator. 

Test Set TS-172A/UP | Echo box______-_- TM 11-1262 

Pulse Generator AN/ | Pulse generator____| TM 11-1177 

UPM-15. 

Coaxial Slotted Line | Slotted line_______ TM 11-5109 
IM-92/U. 

Indicator, Standing | Vswr indicator____| Literature 

Wave Ratio IM-97/ packed with 

USM-37. equipment. 

Adapter, Connector | Adapter. 

UG-1252/U. 
Dummy Antenna TS- | Dummy antenna__| TM 11-1093 

235/UP. 

263. Transmitter Average Power Output 
Measurement 

a. General. The average power from the 

transmitter is measured by the use of the sum- 

mation bridge. The summation bridge in- 

cludes a power sensitive element (bolometer) 

in a bridge circuit which has de power applied. 

RF power applied to the bolometer causes the 

bridge to unbalance. The dc power is then 

reduced until the bridge again becomes bal- 

anced and the decrease in dc power is meas- 

ured and indicated directly on the power meter. 

The power meter reading is in dbm and is 

added to the total attenuation (directional cou- 

pler, connecting cables, and attenuators) to 

provide the total measured average power in 

dbm. The measured average power is required 

to determine the peak power of the transmitter 

and the performance of the RF system com- 

ponents. Faulty RF components will cause a 

noticeable reduction in power readings. 

b. Procedure. Follow the procedure out- 

lined in the paragraph on the transmitter aver- 

age power output measurement (par. 235). 

264. Receiver Sensitivity 

a. General. The minimum discernible sig- 

nal is a measurement of the sensitivity of the 

receiving system. The performance of the 

receiving system depends on the RF system 

capabilities. Faulty RF components will cause’ 

poor receiver sensitivity results. 

b. Method. The minimum discernible signal 

measurements are made by using the uhf sig- 

nal generator. With the radar set operating, 

the uhf signal generator is connected and a 

pulsed RF signal fed into the set. The power 
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output of the uhf signal generator pulses is 

reduced until the video pulse on the A-scope 

is barely discernible in the grass. The attenu- 

ated power reading is taken from the uhf sig- 

nal generator and added to the total series 
attenuation which gives the value of minimum 

discernible signal in dbm. 

c. Procedure. Follow the procedure outlined 

in the paragraph on installation performance 

tests (par. 16b, TM 11-1167-20). 

265. RF Component Measurements with 
Echo Box 

a. General. The echo box is one of the most 

useful test sets for determining faults in the 

RF system. With the radar set operating, the 

echo box is connected to the output of the 

directional coupler. When the transmitter is 

keyed, an attenuated sample of the transmitter 

pulse is fed into the echo box cavity which has 

a high Q. Following the excitation interval, 

the echo box cavity oscillates for a period of 

time which is called ringtime. The oscillations 

are coupled back through the directional cou- 

pler and are detected during the receiving time 

interval. The energy is dissipated after a 

period of time and decreases in amplitude. 

The effect of the ringtime is displayed on both 

ppi- and A-scopes. Normal ringtime is at least 

12 miles at 1,280 mc. It can be checked by the 

use of the range marks on the A-scope. When 

the radar set is known to be operating well, 

it is advisable to record the echo box meter 

reading and the ringtime for comparison with 

future indications. 

b. Procedure. To obtain optimum results 

from the echo box, both the receiving and RF 

systems should be alined. Follow the proce- 

dure outlined in the paragraph on receiver 

alinement, normal operation (par. 13, TM 11- 

1167-20). 

266. Voltage Standing Wave Ratio 
Measurements 

(fig. 122) 

a. General. Voltage standing wave ratio 

(vswr) measurements are useful in determin- 

ing the ability of RF transmission line compo- 

nents to propagate RF power efficiently. A 

vswr measurement can be made to check sec- 

tions of RF transmission line either individu- 

ally, in groups, or completely interconnected. 
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The maximum allowable vswr is 1.65:1. The 

vswr measurement indicates the ratio of the 

energy fed into an RF transmission line to the 

energy reflected. The reflected energy travels 

back towards the generating source from the 
point of reflection causing standing waves. 

Energy that reflects in the RF transmission 

line is not radiated by the antenna and the 

efficiency of the line is reduced. Standing 

waves cause abnormally high voltage and cur- 

rent fields along the line which may cause 

arcing and a breakdown in the line. Losses 

due to increased leakage conductance and cop- 

per loss reduce the total power reaching the 

radiator. An RF system suspected of being 

faulty can be checked for vswr. If the vswr of 

the overall RF system is high (above 1.65:1) 

indicating abnormal line conditions, a vswr 

check can then be made of the individual sec- 

tions to determine the faulty one. 

b. Test Equipment. To perform the vswr 

measurement, use the following test equip- 

ments: 

(1) A pulse generator which provides a 

pulsed video output at a 1-kc rate. 

(2) A uhf signal generator that may be 

modulated by the pulse generator. 

(3) A slotted line which has a pickup 

probe and detector. The probe can 

be moved back and forth along the 

line measuring the peaks and nulls 

of the standing waves. 

(4) A vswr indicator tuned to 1-ke which 

amplifies the detected output from the 

slotted line and gives a direct vswr 

indication on its scale. 

(5) An adapter which is required to match 

the coaxial connector of the slotted 

line at one end and the larger type 

connectors of the RF transmission 

line sections at the other end. 

(6) A dummy antenna which is used to 
terminate the rf transmission line sec- 

tions when the antenna is not used. 

c. Connecting Procedures. When connect- 

ing test equipment to perform the vswr meas- 

urement, follow the procedure outlined below. 

(1) Set up the pulse generator to provide 

an output pulse width of 10-microsec- 

onds at a 1-kc rate. 

(2) Connect the output of the pulse 



generator to the external modulation 

jack of the uhf signal generator. 
(3) Adjust the uhf signal generator to 

provide maximum pulsed RF power 

output at about 1,280 megacycles. 

(4) Connect the output of the uhf signal 

generator to the input (one end) of 

the slotted line. 

(5) Connect the output (other end) of 

the slotted line with the adapter. 

(6) Connect to the adapter the RF trans- 
mission line section to be tested. 

(7) Terminate the RF transmission line 
section with either the dummy an- 

tenna or the antenna section of the 

radar set. 

(8) Connect the slotted line carriage out- 
put to the vswr indicator. 

d. Procedure. To perform the vswr meas- 

urement, follow the procedures referenced be- 

low: 

(1) Coaxial Slotted Line IM-92/U, para- 

graphs 36 and 37, TM 11-5109. 

(2) Standing Wave Indicator IM-97/ 

USM-37, literature packed with the 
equipment. 

TeoLoMETER | 
[__200n | 

SLOTTED LINE 

SIGNAL 

GENERATOR PULSE 

GENERATOR 

STANDING 

WAVE 

INDICATOR 

267. Tr Recovery Time Measurement 

a. General. During the transmitting time 

interval, the RF pulse causes the tr tubes to 

arc. The arc produced in the tr tubes results 

in an electrical short circuit which in effect 

blocks RF energy in the RF transmission lines 

from entering the receiving system. When 

the transmitter pulse interval terminates, the 

arc in the tr tube is self-sustained for a short 

period. During this period received signals 

are blocked until the arc gradually diminishes 

and finally the tr tube recovers. As the re- 

covery takes place, the receiver sensitivity in- 

creases until its normal receiving ability has 

been regained. Tr recovery time is considered 

as the time lapse between the transmitter pulse 

and when the receiver sensitivity has been 

restored to a level 3 db less than maximum. 

This is determined by applying a simulated 

echo signal of known power to the RF lines. 

The echo amplitude observed on the A-scope 

is recorded by marking a reference line. The 

signal power is increased by 3 db and the echo 

is moved towards the transmitter pulse until 

its amplitude is observed to drop to the pre- 

marked reference line. The echo is now located 

DUMMY ANTENNA RF 

ADAPTER COMPONENTS OR 
CONNECTOR UNDER TEST ANTENNA 

(NOTE 1) AS-548/TPS-ID 

(NOTE 2) 

NOTES. 

1. RF COMPONENTS TESTED MAY BE INDIVIDUAL 

RF LINE SECTIONS OR COMPLETELY 

INTERCONNECTED. 

2. RF TRANSMISSION LINE MUST BE TERMINATED 

DURING VSWR MEASUREMENT, 

EITHER BY THE DUMMY ANTENNA OR ANTENNA 

AS-548/TPS-ID. 

Figure 122. Measurement of voltage standing wave ratio (vswr). 

TMII67 -35-267 
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at 3 db less than the maximum receiver sensi- 

tivity point. The distance between the trans- 

mitter pulse and the echo pulse is measured 

as the tr recovery time. The maximum allow- 

able tr recovery time is approximately 25 

microseconds or a distance of a little over 2 

miles. The measurement can be approximated 

by use of the 5-mile range marks and observed 

on the A-scope. If the tr recovery is measured 

in excess of 2.5 miles, the tr tubes should be 

replaced. 

b. Procedure. To perform the tr recovery 

time measurement— 

(1) Turn on the radar set and allow 5 

minutes for the time delay relay to 
cycle in before depressing the RADI- 

ATE ON switch $616 on the front 

panel of the indicator. 

(2) Connect the output of J153 on the 

front panel of the modulator to the 
synch input jack of the uhf signal 

generator. 

(3) Connect the pulsed RF output of the 

uhf signal generator to R.F. TEST 

jack J501 on the front panel of the 

receiver-transmitter. 

(3) Connect the pulsed RF output of the 

uhf signal generator to R.F. TEST 

jack J501 on the front panel of the 

receiver-transmitter. 

(4) Adjust A RANGE SELECTOR switch 

S609 on the front panel of the indi- 

cator for 20 miles. 
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(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

Turn RANGE MARKS MILES switch 

S608 on the front panel of the indi- 

cator to the ON position. 

Tune the uhf signal generator to the 

transmitter frequency. 

Adjust the pulse delay control on the 

uhf signal generator so that the simu- 

lated echo appears between the 15- 

and 20-mile range marks. 

Adjust the output attenuator control 

on the uhf signal generator until the 

echo amplitude on the A-scope is ap- 

proximately halfway between the base 

line and the saturation level. 

Draw a horizontal reference line across 

the face of the A-scope at the ampli- 

tude level of the echo pulse. 

Note the attenuation figure on the uhf 

signal generator and increase . the 

value by 3 db. 

Adjust the pulse delay control, mov- 

ing the echo towards the transmitter 

pulse. 

When the echo amplitude decreases to 

the reference line (step 9 above) re- 

lease the pulse delay control. 

Using the 5-mile range marks as a 

reference, determine the distance be- 

tween the transmitter pulse and the 

echo. 

If the distance exceeds 2.5 miles, 

change the tr tubes. 



CHAPTER 14 

RECEIVING SYSTEM TROUBLESHOOTING AND REPAIR 

Warning: Extremely dangerous voltages exist in Radar Receiver-Transmitter RT-212/ 

TPS-1D. When servicing the receiving system observe the following precautions: 

1. Do not press the RADIATE ON button unless specifically instructed. 

2. If the transmitter is radiating keep clear of the magnetron and pulse transformer T502 

(fig. 103). 

3. Be careful when working near the keep-alive voltage (— 800 volts) at C518 (fig. 117). 

Section I. 

268. Reference Data 

The following information will be helpful 

when troubleshooting or repairing the receiv- 

ing system. 

Reference Data 

1 DE a. ae Receiving system, complete block 

diagram. 

nGpperreie = Ss Receiving system theory. 

Figs. 25 through 39__| Receiving system circuits, simplified 

schematic diagrams. 

iy) PAA ee Radar receiver-transmitter RT-—212/ 

TPS-1D, complete schematic dia- 

gram. 

Here (Oe es oe Receiving system controls and ad- 

justments. 

[ein Cys See Normal readings of receiving system 

panel meters. 

LPS PACE a os Oe Normal indications of receiving sys- 

tem test points. 

7 dee pede De resistance of inductive compo- 

nents. 

Location of parts. 

Parme2 (2 

Par. 269 and figs. 123 

through 131. 

LEG app, DA De 9 fae ge Radar receiver-transmitter RT-212/ 

TPS-1D, voltage and resistance 

measurements at tube sockets. 

fs Gay Ce ene 60-mc IF amplifier Z301, voltage and 

resistance measurements at tube 

sockets. 

1 Ea, PAI ope Re Coherent oscillator, voltage and re- 

sistance measurements at tube 

sockets. 

Ge Oma bck ce Signal comparator CM-36/TPS-1D, 

complete schematic diagram. 

TROUBLESHOOTING INFORMATION 

269. Location of Parts in Receiving System 

The following chart lists the part numbers 

in the receiving system and references figure 

numbers showing their locations. 

Reference Fig. Reference Fig. Reference Fig. 
symbol No. symbol No. symbol No. 

B502 123 C312 131 C341 131 

C222 127 C313 Sr C342 131 

C223 127 C314 131 C350 131 

C224 127 C315 131 C351 131 

C225 127 C316 131 C352 131 

C226 L2G C317 131 C353 131 

C227 127 C318 131 C354 131 

C228 127 C319 131 C355 131 

C229 127 C320 131 C356 131 

C230 127 C321 131 C357 131 

C231 127 C322 131 C358 131 

C232 127 C323 131 C359 131 

C233 127, C324 131 C360 131 

C234 127 C325 131 C361 131 

C235 2 C326 131 C362 131 

C236 127 C327 131 C363 131 

C237 127 C328 131 C364 131 

C239 127 C329 131 C365 131 

C301 is C330 131 C366 131 

C302 131 C331 131 C367 131 

C303 131 C332 131 C368 131 

C304 131 C333 131 C369 131 

C305 131 C334 131 C370 131 

C306 Lat C335 131 C371 131 

C307 131 C336 131 C372 131 

C308 131 C337 131 C373 131 

C309 131 C338 131 C503 125 

C310 131 C339 131 C511 125 

C311 131 C340 131 Cdi3 125 
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— LOCAL COHO MIXER 
OSCILLATOR COUPLING 
TUNING ADJUSTMENT 

PADDLES RF502 
(5) 

crso2 

——= R536 

C535 ! 

Wihewha t 

W502 XV505 

“Ti S505 

J512 i 

CRS5O3i8 er ve 

‘ie Wot Bons 
SIGNAL MIXER es ga 
COUPLING 8 
ADJUSTMENT s iP 

RF503A a eet: 

nal = 

L504 “e820 

“8502 

2509 J513. HR502 W503 W504 e : oe ; ca pre 

‘TMI167-35-193. 
Figure 123. Radar Receiver-Transmitter RT-212/TPS-1D, full under chassis view. 

Reference Fig. Reference Fig. Reference Fig. Reference Fig. Reference Fig. Reference Fig. 
symbol No. symbol No. symbol No. symbol No. symbol No. symbol No. 

C519 123 CR302 131 J351 131 L224 127 L308 131 L506 128 

C520 123 CR303 131 J503 124 L225 127 L350 131 L507 128 

C522 125 CR502 123 J507 124 L227 127 L351 131 L508 128 

C524 125 CR503 123 J508 102 L228 127 L352 131 L509 128 

C526 128 E502 123 J510 124 L230 127 L353 131 L510 128 

C527 128 HR502 123 Jol) 124 L232 127 L354 131 M501 125 

C528 128 J224 124 J512 123 L233 127 L355 131 M601 153 

C529 128 J225 124 J513 123 L245 127 L356 131 M2350 140 

C530 128 J227 124 J514 124 L301 131 L357 131 P228 123 

C531 124 J 228 124 J515 124 L302 131 L358 131 R230 127 

C532 128 J304 129 J517 126 L303 131 L359 131 R231 127 

C534 124 J306 129 J518 126 L304 131 L360 131 R233 127 

C535 123 J307 131 J519 124 L305 131 L501 125 R234 127 

C603 153 J308 131 J521 124 L306 131 L504 123 R236 127 

CR301 131 J350 131 K3301 130 L307 131 L505 128 R237 127 
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Reference Fig. Reference 
symbol No. symbol 

R259 28 

R260 127 

R261 iby 

R301 131 

R302 131 

R303 131 

R304 131 

R305 131 

R306 131 

R307 131 

R308 131 

R309 131 

R310 ileil 

R311 131 

R312 re! 

R313 131 

R314 131 

R315 131 

R316 UAY! 

J507 

J503 : 

J228 

J227 

U221 

J515 

J225 

J2247 e 

Figure 124. 

Fig. 
No. 

131 

131 

131 
131 

131 

131 

131 

131 

131 

131 

131 

131 
131 

131 

131 

131 

131 

131 

131 

Fig. 
No. 

131 

131 

131 

131 

131 

131 

131 

177 
124 

125 

125 

126 

126 

123 

128 

128 

128 

123 

123 

Reference 
symbol 

R608 
R2350 
R2351 

R2355 
R2358 
R2362 

R2363 
RF502 
RF503A 
$502 

$503 
$504 

$505 
$506 
S601 

$613 

$2353 
$2354 
T222 

2506 2505 

Fig. 
No. 

149 

129 

129 

129 

130 

129 

130 

123 

123 

126 

126 

125 

123 

125 

149 

149 

129 

129 

127 

Reference 
symbol 

T223 

T301 

T503 

TP501 

TP502 

TY501 

U221 

U501 

U502 

W501 

W502 

W503 

W504 

W507 

XV224 

XV225 

XV 232 

XV301 

XV302 

J5I9 

Fig. 
No. 

127 

131 

125 

125 

125 

125 

124 

124 

124 

123 

123 

123 

123 

123 

127 

127 

127 

131 

131 

Reference 
symbol 

XV303 
XV304 
XV305 
XV306 
XV307 
XV350 
XV351 
XV352 
XV353 
XV354 
XV505 

XV506 
Z221 
Z222 

Z301 
Z350 
Z505 
Z506 

Z509 

Fig. 
No. 

131 

131 

131 

131 

131 

131 
131 

131 

131 

131 

123 

128 

127 

127 

130 

130 

124 

124 

123 

J521 

u502 

R507 

J5I 

J510 

TMII67-35-192 

Radar Receiver-Transmitter RT-212/TPS-1D, front under chassis view. 
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Figure 125. Radar Receiver-Transmitter RT-212/TPS-1D, right-side view. 
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Figure 126. 

270. Receiving System Controls and 
Adjustments 

The following charts (a, b, and c below) list 

$503 B+ CONNECTION 

es 

ase” 
J518 ae JSI7 

TMII67-35- 191 

Local oscillator and control circuits U501, component locations. 

tional parts of the receiving system, reference 

a figure that shows the location and give the 

function of each. 

the controls and adjustments that are func- 

a. Receiving System Controls and Adjustments Location in Radar Receiver-Transmitter RT- 

Function 

22/TPS-1D. 

Location 
Controls and adjustments (fig.) 

Signal mixer coupling (RF503A)-_____________- 123 

Coho mixer coupling (E527) ________._-_-_---- 123 

Local oscillator tuning paddles (5)__-____-_---- 123 

Adjusts the amount of local oscillator signal fed to signal crystal 

mixer CR503. Correct adjustment is indicated by a red-line 

reading on test meter M501 when TEST SELECTOR switch 

S506 is in the SIG position (par. 288). 
Adjusts the amount of local oscillator signal fed to coho crystal 

mixer CR502. Correct adjustment is indicated by a red-line 

reading on test meter M501 when TEST SELECTOR switch 

$506 is in the COHO position (par. 288). 

Adjusts the center frequency of the cathode tuned circuit of local 

oscillator V505. This adjustment requires special test equipment 

and should be made according to the procedure outlined in 

paragraph 289. 
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C23) 
(UNDER) | 

C234, 

R237. 

R234. 

C2560 8) 
(UNDER) 

Figure 127. Signal IF preamplifier U221, under chassis view. 



b. Receiving System Controls and Adjustments Located in Signal Comparator CM—36/TPS-1D. 

; Location 
Controls and adjustments (fig.) Function 

fe. AMP. LEVEL R2350_..0 ek 129 | Controls the overall gain of the signal IF amplifier by applying a 
variable negative bias to the first and third signal IF amplifier 

stages (V301 and V303). Correct setting of this control is indicated 

by a red-line reading on TEST METER M2350 with TEST 

SELECTOR £9switch $2353 in the (1) LF. AMPL. LEVEL 
position (par. 290) with transmitter not radiating. 

POmOMunVEL, R2351. 2.222. -22h5- el. eslL 129 | Adjusts the output amplitude of coherent oscillator V353 by vary- 
ing the screen grid potential of V353. Correct adjustment should 

be a red-line reading on TEST METER M2350 with TEST 

SELECTOR switch $2353 in the (2) COHO LEVEL position 
(par. 291). 

epee N OV R 2355. oe Se Lt ee 129 | Adjusts the amount of 60-mc coho sync signal applied to coherent 
oscillator V353 by varying the fixed cathode bias on the first 

coho IF amplifier V350. This adjustment should be made by 

using test equipment (par. 291). 

Coho tuning adjustment C361_______________- 131 | Tunes the frequency of coho IF amplifier V352 to coincide with 

the incoming 60-mc IF. This adjustment must be made by using 

test equipment (par. 291). 
60-me IF tuning adjustment C305___-_________- 131 | Selects an operating frequency within the passband of the signal 

IF amplifier that produces the best receiver performance. This 

adjustment should be made by using test equipment as outlined 

in paragraph 290. 

c. Receiving System Controls and Adjustments Located in Azimuth-Range Indicator IP-141/ 

TPS-1D. 

Location 
Controls and adjustments (fig.) Function 

RECEIVER GAIN control R608__________--- 149 | Controls the gain of the signal IF amplifier when OPERATION 
SELECTOR switch 82354 is in the REMOTE position and when 

OPERATION switch S601 is in the NORM position. 

law MO LOR switch 8613.00 000 eek 149 | Controls the direction of rotation of local oscillator tuning motor 

B502. 

271. Receiving System Fuses 

There are no fuses which protect circuits 

only in the receiving system. All fuses and 

interlocks are considered parts of the power 

distribution system. Refer to paragraph 207 

for a listing of their locations and ratings, and 

the circuits they protect. 

272. Normal Readings of Receiving System 
Panel Meters 

a. Radar Receiver-Transmitter RT-212/ 

TPS-1D. Meter M501 (fig. 102) indicates sig- 

nal crystal mixer CR503 and coho crystal . 

mixer CR502 current. Normal reading in 

both COHO and SIG position of TEST SE- 

LECTOR switch S506 is on the red line. 
TM1167-35-186 

Figure 128. Coho preamplifier U502, b. Azimuth-Range Indicator IP-141/TPS- 
under chassis view. 1D. COHO MIXER (TUNING METER) 
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J306 R2350 R2351. 
LF. AMPL. LEVEL COHO LEVEL 

$2353 
TEST SELECTOR 

Figure 129. 

M601 (fig. 153) indicates coho crystal mixer 

CR502 current. Normal reading is on the red 

line. 

c. Signal Comparator CM-36/TPS-1D. 

TEST METER M2350 (fig. 140) indicates IF 

amplifier output level when TEST SELECTOR 

switch $2353 is in position (1) I.F. AMPL. 

LEVEL. It also indicates coherent oscillator 

output amplitude when S$238538 is in position 

(2) COHO LEVEL. Normal reading for both 

positions of $2353 is on the red line. 

270 

R2355 R2362 

COHO SYNC 

$2354 

OPERATION SELECTOR 
TMII16 7-35-187 

Signal Comparator CM-36/TPS-1D, front under chassis view. 

273. Normal Indications at Receiving 
System Test Points 

Test points TP501 and TP502 (fig. 125) are 

used to test the local oscillator filament current. 

With the negative lead of a de voltmeter in 

TP501 and the positive lead in TP502 the 

meter should indicate 6.3 volts de +10 percent. 

274. Dc Resistance of Inductive Components 
in Receiving System 

The following chart lists the transformers, 

coils, and relays, location, and gives the dc 
resistance of each winding. 



OSCILLATOR 
COHERENT 

Za50 

R2363 TERMINAL | R2358 
OV AMPLIFIER 

SIGNAL IF 

Z301 

a
 

(BGEAK. | -1SEAK © OSEAX ¢ ets. aia sex sal eat 

SOFAX 
© 

Es 
1OEAX 

©
 

T
S
 
S
a
 

"
d
T
 

A
V
V
3
G
 

NON 
| 

B
O
E
 

ZAK 
E
0
E
E
A
 

"ACT AV ISG 

c
a
e
 
a
c
c
e
s
o
r
i
e
s
 

e
e
 

“emits 
n
i
l
 

8 
wie 

s
s
i
 
n
c
a
a
 

TOE 
LAX 

QUE 
LAX 

E
L
I
A
 

=
 

SUE 
LAX 

WIE 
LAK 

stent 
o
o
 

HOEENT, 

-35-198 

271 

TMII67 

Signal Comparator CM-36/TPS-1D, full under chassis view. Figure 130. 
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TMII67-35-190 
Figure 1381. Signal IF amplifier Z301 and coherent oscillator 2350, parts location diagram. 
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Transformer, coil, or relay tion | Termi De resistance 
(fig.) nals (ohms) 

TCH 27 Se ee RA ORM begets die | 425. 

Mieseme2o, 6 1122750 L228, | 127 \e225..) Less than 1. 

L230, L232, L233, L245. 

L301 through L306- - -___-_- 13 Lee seers Less than 1. 

LAT. a 2S ee Ho eeeee es. 4.2. 

[Lek 5a: a ae pe ere sues Less than 1. 

L350 through L360_ -_-_____- 1 Lao ee Less than 1. 

OARS age ge of el le t25 a See Less than 1. 

[LATE oS SE ae 1250 Gee ae 300. 

oem DOG s-.5. S22 2222 224 23a eee ie Less than 1 

UO Ee a 12S nee eee Je 

Section Il. 

275. General 

Two troubleshooting charts are provided to 

assist in isolating a trouble that has been sec- 

tionalized to the receiving system. If you are 

not sure the trouble is in the receiving system, 

use the troubleshooting chart based on starting 

procedure (par. 210) to sectionalize the trou- 

ble to a system. Then, if the trouble zs in the 

receiving system, the troubleshooting chart 

based on starting procedure will localize the 

trouble to either the receiver-transmitter or the 

signal comparator. 

a. Symptom Troubleshooting (par. 278). 

Troubles can usually be isolated most rapidly 

by following a procedure based on symptoms. 

Some of the symptoms shown as having a prob- 

able cause in the receiving system could be 

caused by a trouble in the signal comparing 

system (ch. 15). If the trouble cannot be 

isolated by using the symptoms chart, use the 

troubleshooting chart based on starting proce- 

dure (par. 210) to sectionalize the trouble to 

a particular system. To troubleshoot the re- 

ceiving system based on symptoms proceed as 

follows: 

(1) Observe the indications obtained on 

test meter M501 on the front panel of 

the receiver-transmitter, on TEST 

METER M2350 on the signal compa- 

rator, and on the ppi- and A-scope. 

(2) Compare the indications obtained 

with those listed in the Symptoms 

column. 

(3) If the indications obtained correspond 

to those listed, follow the procedure 

given in the Corrective measures col- 

umn to isolate the trouble. 

Loca- 
Transformer, coil, or relay tion | Termi- De resistance 

(fig.) nals (ohms) 

LBS Oe tse CATS SE IN dre eget 128' ee eee Less than 1. 

L5UGRSE early SD reiees abet 28) |e tee if 

7d Oe ie te ey iP 43% | ea Less than 1. 

D222 E223 oes ie seen hee ames 127 | 1-2 Less than 1. 

3-4 Less than 1. 

NBO Tee cyte nee eee, (51s eeri Less than 1. 

See Less than 1. 

BOS tee ee ret op ne atc Sr oa 125 | 1-2 3.8. 

3-4 Less than 1. 

L22 |S L222 o2 eee see 127g sei Less than 1. 

L505 Zi OOMs so teat) seep 124s) ret Be Less than 1. 

TROUBLESHOOTING CHARTS 

(4) If the trouble cannot be isolated by 

symptom troubleshooting and it has 

been definitely established the trouble 

is in the receiving system refer to the 

step-by-step troubleshooting chart. 

b. Step-by-Step Troubleshooting Chart (par. 

279). The receiving system step-by-step trou- 
bleshooting chart consists of a series of steps 

designed to evaluate the overall operation of 

the receiving system. Use this chart when 

trouble cannot be isolated by symptom trouble- 

shooting (a above). To troubleshoot the re- 

ceiving system using the step-by-step trouble- 

shooting chart proceed as follows: 

(1) Locate the test point given in step 1. 

(2) Connect the test equipment and set 

the controls on the test equipment as 
directed in the Test equipment column. 

(3) Set the controls on radar set as di- 

rected in the Radar set controls col- 

umn. 

(4) Compare the indications obtained on 

the test equipment with the indica- 

tions that are given or referenced in 

the Normal indications column. 

(5) If the indications obtained on the test 

equipment are normal, proceed either 

to the next step or as directed in the 

Corrective measures column. 

(6) If the indications obtained are abnor- 

mal, proceed as directed in the Cor- 

rective measures column. 

276. Test Equipment Required To 
Troubleshoot Receiving System 

The following items of test equipment are 

required to troubleshoot the receiving system. 
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Test equipment Common name Reference 

Signal Generator 

AN/URM-64. 

Signal Generator 

TS-452C/U. 
Multimeter TS- 

352B/U, or ME- 

77/U. 

Electronic Multime- 

ter TS-505C/U. 

Crystal Rectifier 

Test Set TS- 

268E/U. 

Electron Tube Test 

Set TV-7B/U. 

Tube Socket Adapt- 

er Kit. 

Oscilloscope AN/ 

USM-24C, or 
AN/USM-50. 

Outlet Box J-—45/ 

MPM-1. 

Uhf signal generator- 

Sweep frequency 

generator. 

Multimeter__-__-_---- 

‘Lubentesterset aoe. 

Tube socket adapter 

kit. 

Oscilloscope_-_-__ __-- 

Outletiboxsase-s 

TM 11-5553 

TM 11-2695 

TM 11-5527 

TM 11-5571 

TM 11-1242 

TM 11-5083 

Literature 

packed with 

equipment. 

TM 11-5103 

TM 11-5129 

TM 11-1080A 

277. Preparation of System Components 
for Troubleshooting 

a. General. The units which contain re- 

ceiving system components are Radar Receiver- 

Transmitter RT-212/TPS-1D and Signal Com- 

parator CM-36/TPS-1D. Before preparing 

these units for troubleshooting compare the 

symptoms of the trouble with the symptoms 

contained in the symptom troubleshoting chart. 

b. Radar Receiver-Transmitter RT-212/ 

TPS-1D. To make the receiver-transmitter 

accessible for troubleshooting— 

(1) 

(2) 

(3) 

(4) 

Disconnect all cables from the front 

panel of the receiver-transmitter. 

Release the eight captive screws on 

the front panel of the unit and remove 

the chassis from its dust cover. 

Place the chassis at a suitable level 

or workbench close enough and con- 

nect P508 to J508 on the front panel. 

Defeat interlock switch S504 (par. 

207b). 

Warning: Do not press the RADI- 

ATE ON button while the unit is con- 

nected in this manner. 

c. Signal Comparator CM-86/TPS-1D. To 

make the signal comparator accessible for 

troubleshooting— 

(1) 

(2) 

(3) 

(4) 

Disconnect all cables from the front 

panel of the signal comparator. 

Release the eight captive screws on 

the front panel of the unit and remove 

the chassis from its dust cover. 

Disconnect the leads going to the de- 

lay line under the chassis. 

Place the chassis at a suitable level or 

on workbench close enough to con- 

nect P3801 to J301. 

278. Receiving System Symptom Troubleshooting Chart 

Symptom Probable cause Corrective measures 

1. Crystal 

switch $506. 

2. Crystal 

position. 

3. Crystal current reading on 

meter M501 is low or zero in 

the COHO position of the 

TEST SELECTOR switch 

but red-lined in the 

position. 

274 

current reading on 

meter M501 is low or zero on 

both SIG and COHO posi- 

tions of TEST SELECTOR 

current reading on 

meter M501 is low or zero in 

the SIG position of the 

TEST SELECTOR switch 

but red-lined in the COHO 

SIG 

Local Oscillator V505 weak or 

not oscillating. Improper crys- 

tal coupling adjustments. 

Improper signal mixer coupling 

adjustment, 

W502, W503, and W504. 

CR503, 

Improper coho mixer coupling 

adjustment, CR502, cables 

W507, L507. 

a. Check V505 and make voltage and resistance 

measurements at the socket of V505 (fig. 211). 

b. Make crystal coupling adjustments (par. 288). 

cables 

Adjust signal mixer coupling (par. 288); check CR503; 

measure continuity of cables W502, W503, W504, and 

the cable from J225 to S506. 

Adjust coho mixer coupling (par. 288). Check CR502, 

measure continuity of cables W507, L507, and wiring 

from L507 to switch S506. 
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Symptom Probable cause Corrective measures 

4. No video on indicators. Grass 

level on A-scope is normal. 

Signal and coho crystal cur- 

rents normal. 

5. Local oscillator tuning motor 

does not operate. (Operation 

is indicated by increased 

grass level on A-scope while 

motor is running.) 

6. Red-line reading cannot be 

obtained on TEST METER 

M2350 with TEST SE- 

LECTOR switch $2353 in 
position (1) I.F. AMPL. 

LEVEL. Weak or no targets 

on indicator in normal or 

mti operation. 

Local oscillator off frequency---- 

Tuning motor B502 or associ- 

ated circuit. 

Faulty stage in the signal IF 

amplifier or preamplifier. 

Tune the local oscillator for echoes using L.O. MOTOR 

switch on the front panel of the indicator. 

Check B502, R518, R519, C519, $502, $503, S613. 

a. Check V232, V224, and V225. Check the gain of the 
signal IF preamplifier (par. 296b). 

(1) If normal proceed to step b below. 

(2) If abnormal: 

(a) Leave the sweep frequency generator output 

connected to the preamplifier as in the gain 

of a above. 
(b) Plug the 7-pin miniature tube socket adapter 

in the socket of V224 and plug V224 into the 

socket adapter. 

(c) Cut out all but 3 db of attenuation on the 

sweep frequency generator. 

(d) Using the traveling detector probe, check the 

waveform at pin 1 of the tube socket adapter. 

It should be essentially that of B in figure 213. 

1. If normal proceed to (e) below. 

2. If abnormal check stage V232, C230 and 

L230 (fig. 211). 

(e) Plug the 7-pin tube socket adapter into socket 

V225 and plug V225 into the socket adapter. 

(f) Cut in 32-db attenuation into the sweep 

frequency generator and check the waveform 

at pin 1 of the socket adapter. It should be 

essentially that of B in figure 213. 

1. If normal proceed to (g) below. 

2. If abnormal, check stages V224, C235, and 

L232 (fig. 211). 

(g) Cut in 44-db attenuation into the sweep 

frequency generator and check the waveform 

at pin 5 of the tube socket adapter. It should 

be essentially that of B in figure 213. 

1. If normal proceed to (h) below. 

2. If abnormal, take voltage and resistance 

measurements at the socket of V225 

(fig. 211). 
(h) Check T222 and continuity between the 

secondary of T222 and J507. ” 

b. Check V301 through V306. Check the gain of the 

signal IF amplifier (par. 298d). 

(1) If normal: 

(a) Check cable W5 from J507 to J306. 

(b) Check cable from J306 to J307. 

(2) If abnormal: 

(a) Leave the sweep frequency generator output — 

connected to the amplifier as in the gain test. 

(b) Follow the procedure outlined in the step-by- 

step troubleshooting chart (par. 279, step 18 

through step 24). 
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Symptom Probable cause 

7. Red-line reading cannot be 

obtained on TEST METER 

M2350 with TEST SE- 

LECTOR switch $2353 in 

position (1), I.F. AMPL. 

LEVEL position. Targets on 

indicator are normal. 

8. Red-line reading not obtained 

on TEST METER M2350 

in the (2) COHO LEVEL 
position of TEST SELECT- 

OR switch $2353. Weak or 

no targets present on indi- 

cators in mti operation. Tar- 

gets normal in normal opera- 

tion. 

9. No cancellation of fixed tar- 

276 

gets in mti operation. All 

adjustments and meter read- 

ings are normal. 

Corrective measures 

Faulty stages V307,S2353, TEST | a. Turn TEST SELECTOR switch to (2) COHO 

METER M2350, CR303. 

Faulty stage V353 or V354___-_-- 

Faulty coho preamplifier, coho 

IF stages V350, V351, or V352. 

LEVEL and OPERATION SELECTOR switch 

to COHO ADJUST and check for a reading on 

TEST METER M2350. 
(1) If a reading is obtained, proceed to b below. 
(2) If no reading is obtained, check TEST METER 

M2350. 
b. Check V307 and then take voltage and resistance 

measurements at the socket of V307 (fig. 215). 

c. Check OPERATION SELECTOR switch contacts, 

check continuity between terminal NM on the 

signal IF amplifier subchassis and TEST SE- 

LECTOR switch $2353. 
d. Check CR303, R331, and C341. 

Place OPERATION SELECTOR switch in the COHO 

ADJUST position on the signal comparator. 

a. Check V353 and V354. 

b. Turn the COHO LEVEL control fully clockwise and 

take voltage and resistance measurements at the 

socket of V353 (fig. 216). 

(1) Variations from the voltage and resistance chart 

of figure 216 are: 

(a) Pin6 V = +150 

R = 8,500 ohms 

(6) Pind V = +130. 

c. Take voltage and resistance measurements at the 

socket of V354 (fig. 216). 

d. Check continuity of L358 and of the cable between 

J351 and J308. 

a. Check V506. Check the gain of the coho preamplifier 
(par. 297b). 

(1) If normal proceed to 6 below. 

(2) If abnormal: 

(a) Take voltage and resistance measurements at 

the socket of V506 (fig. 211). 

(b) Check continuity of L505, L506, L510, and 

the cable between J519 and J503. 

b. Check V350, V351, V352, V353, and V354. Check 
the gain of coherent oscillator Z350 (par. 299d). 

(1) If normal: 

(a) Check cable W6 from J503 to J304. 

(b) Check cable from J304 to J350. 

(2) If abnormal: 

(a) Leave the sweep frequency generator output 

connected to the coherent oscillator as in the 

gain test of b below. 

(b) Follow the procedure outlined in the step-by- 

step troubleshooting chart (par. 279, step 13 
through step 16). 

—————— eS 



279. Receiving System Step-by-Step Troubleshooting Chart 

Step Test point Test equipment 

1| P228 Terminal | Set the multimeter "S34 

C (fig. 123). controls to measure 

6.3 volts ac. 

2} P228 Terminal | Set the multimeter 

E (fig. 123). controls to measure 

+150 volts de. 

3/ Terminal 7Alof | Set the multimeter 

E502 (fig. controls to measure 

123). —150 volts de. 

4| Terminal 4A of | Set the multimeter 

E502 (fig. controls to measure 
123). +300 volts de. 

5| TP 502 (fig. Set the multimeter 

125). controls to measure 

+27 volts de. 

Check the reading on 

M501. 

6| M501 (fig. 125)_- 

7 | J503 (fig. 124)__.| Set up the sweep fre- 

quency generator for 

gain testing the coho 

preamplifier (par. 

297b). 

8/ Pin 1 of V224 | Set up the sweep fre- 

(fig. 127). quency generator for 

gain testing the sig- 

nal IF preamplifier 

(par. 296b). Steps (1) 

through (5). Set in 3 

db of attenuation on 

the sweep frequency 

generator. Use the 

traveling detector 

probe to check wave- 

form. 

Normal indications Corrective measures 

POWER | 6.3 volts ac___..._.- Check T503. Troubleshoot the 

ac power distribution system 

(par. 210, step 3). 

Troubleshoot the +150-volt 

power supply (par. 420, step 

6). 

Troubleshoot the —150-volt 

power supply (par. 420, step 
ao 

Check L504. Troubleshoot the 
+300-volt power supply 

(par. 420, step 5). 

Troubleshoot the +27-volt de 

power supply (par. 420, step 

rae 

Red-line readings____| a. If no reading in either SIG or 

COHO position of the 

TEST SELECTOR switch 

check voltage and resist- 

ance measurements at the 

socket of V505 (fig. 211). 

Check meter M501 and 

switch S506. 

b. If normal reading is obtained 

at the COHO position of 
the TEST SELECTOR 

switch but not at the SIG 
position check CR503 and 

its couplings, W504, W503, 

RF503A, W502, check pri- 

mary winding of T1223, 

L224, L225, R510, and the 

cable from J225 to S506. 

c. If normal reading is obtained 

at the SIG position of the 

TEST SELECTOR switch 

but not at the COHO posi- 
tion, check W501, CR502 

and its couplings, RF502, 

W507, L507, L506, L505, 

L508, R450 (fig. 177), and 

continuity from terminal 

62 on. coho preamplifier 

U502 to S506. 

Check V506. Take voltage and 

resistance measurements at 

the socket of V506. Check 

L510, L505, L506, L508, 

C527, C528 and C530. 

Check V232. Take voltage and 

resistance measurements at 

the socket of V232 and pin 1 

of V224 (fig. 211). Check the 

secondary of T223, L245, 

L227, C228, C229, and C230. 

Radar set controls 

switch S602 

ON. 

to 

Turn TEST SELEC- 

TOR switch S506 

to the SIG posi- 

tion then to the 

COHO position. 

TEST SELECTOR | Waveform (A, fig. 

switch $506 in 213) 5 squares in 

OFF position. amplitude. 

Waveform 5 squares 

in amplitude. 
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Step Test point Test equipment 

9| Pin 1 of V225 
(fig. 127). 

10} Pin 5 of V225 

(fig. 127). 

1 — J507 (fig. 124)__- 

12| TEST METER 
M2350 (fig. 

140). 

LS Piniel tofs Vis5il 

(fig. 131). 

14} Pin 1 of V352 

(fig. 131). 

15| Pin 1 of V353 

(fig. 131). 

278 

Same as step 8.except 

use 32 db of attenu- 

ation. 

Same as step 8 except 

use 44 db of attenu- 

ation. 

Same as step 8 except 

use 57 db of attenu- 

ation. 

Check reading on TEST 

METER M2350. 

Set up the sweep fre- 

quency generator for 

gain testing coherent 

oscillator Z350 (par. 

299, steps (1) through 

(7), disregard step 

(5)). Cutout all at- 

tenuation on the 

sweep frequency gen- 

erator. Use the trav- 

eling detector probe 

to check waveform. 

Same as step 13 except 
use 6 db of attenu- 

ation. 

Same as step 13 except 

use 27 db of attenu- 

ation. 

Radar set controls Normal indications 

Turn TEST SELEC- 

TOR switch $2353 

to (1) I.F. AMPL. 

LEVEL and OP- 

ERATION  SE- 

LECTOR switch 

$2354 to NOR- 

MAL and cheek 

reading on the 

TEST METER. 

Turn the TEST 

SELECTOR 

switch to (2) CO- 

HO LEVEL and 

the OPERA- 

TION SELEC- 

TOR switch to 

COHO ADJUST 

and check the read- 

ing on the TEST 

METER. 

OPERATION  SE- 

LECTOR switch 

at NORMAL po- 

sition. COHO 

SYNC control R- 

2355 in maximum 

clockwise position. 

Same as step 13___-- 

Same as step 13___-- 

Waveform 5 squares 

in amplitude. 

Waveform (B, fig. 

213) 5 squares in 

amplitude. 

Same as step 10_---- 

Red-line reading --_--- 

Waveform 1 square 

in amplitude at 60 

me. 

Waveform 5 squares 

in amplitude. 

Waveform 5 squares 

in amplitude. 

Corrective measures 

Check V224. Take voltage and 

resistance measurements at 

the socket of ¥224 and pin 1 

of V225. Check C231, C234, 

and C235 (fig. 211). 

Check V225. Take voltage and 

resistance measurements at 

the socket of V225. Check 

V236 and C239 (fig. 211). 

Check T222 and cable between 

a. 

a. 

.If abnormal 

J227 and J507. 

_ If both readings are normal 

proceed to step 13. 
in (G) OF. 

AMPL. LEVEL and nor- 
mal in (2) COHO LEVEL 

proceed to step 17. 
. If abnormal in (2) COHO 

LEVEL and normal in (1) 

I.F. AMPL. LEVEL pro- 

ceed to step 15. 

. If abnormal in both positions 

of the TEST SELECTOR 

switch: 

(1) Check filament voltage 

at terminal 3 of T2350 

(fig. 140). 

(2) Check the +150-volt de 

input at terminal C of 

Z2351 (fig. 140). 

(3) Check CR301, CR302, 

secondary of T301, 

R325, R326, R327, 

and M2350. 

Check V350. Take voltage 

and resistance measure- 

ments at the tube socket 

of V350 and pin 1 of V351 

(fig. 216). 
.Check R351, C351, and 

R2355. 

Check V351. Take voltage 

and resistance measure- 

ments at the tube socket 

of V351 and pin 1 of V352 

(fig. 216). 

. Check C354. 

a. Check V352. Take voltage 

and resistance measure- 

ments at the-.tube socket 

of V352 (fig. 216). 

. Check C357. 



Step Test point Test equipment 

16| J351 (fig. 131)___| Same as step 13 except 

use 37 db of attenu- 

ation. 

17| Pin 1 of V303 | Set multimeter controls 

(fig. 131). to measure — 50 volts 

de. 

18| Pin 1 of V302 | Set up the sweep fre- 

(fig. 131). quency generator for 

gain testing signal 

IF amplifier Z301 

(par. 2986) (1) 

through (8), disre- 

gard (6)). Cutout all 

attenuation on the 

sweep frequency gen- 

erator. Use the trav- 

eling detector probe 

to check the wave- 

form. 

19| Pin 1 of V303 | Same as step 18 except 

(fig. 131). use 12 db of attenu- 

ation. 

20| Pin 1 of V304 | Same as step 18 except 

(fig. 131). use 30 db of attenu- 

ation. 

21| Pin 1 of V305 | Same as step 18 except 

(fig. 131). use 42 db of attenu- 

ation. 

Radar set controls Normal indications 

Same as step 13____- 

LF. AMPL. LEVEL 

control R2350 fully 

counterclockwise. 

OPERATION SE- 

LECTOR switch 

$2354 in NOR- 

MAL. 

TEST SELECTOR 

switch in (1) I.F. 

AMPL, LEVEL 

position. OPERA- 

TION SELEC- 

TOR switch in 

NORMAL posi- 

tion. I.F. AMPL. 

LEVEL control 

maximum  clock- 

wise. 

Waveform 5 squares 

in amplitude. 

—10 volts de______- 

Waveform 1 square 

in amplitude. 

Waveform 5 squares 

in amplitude. 

Waveform 5 squares 

in amplitude. 

Waveform 5 squares 

in amplitude. 

Corrective measures 

a. If abnormal, check V354: 

(1) Take voltage and resist- 

ance measurements at 

the tube socket of 

V254 (fig. 216). 

(2) Check C366, C367, and 

L358. 

b. If normal, turn the OPERA- 

TION SELECTOR switch 

to (2) COHO ADJUST 
position. 

(1) Check V353. Check volt- 

age and _ resistance 

measurements at the 

socket of V353 (fig. 

216). 
(2) Check C360, C361, 

C362, C364, R2358, 

and R2363. 

(3) Check cable from J351 

to J308. 

a. Check R2362, R2350, R311, 

C303, C314, C342, and 

relay K3301. 

b. Check the —150-volt de 

power supply (par. 420, 

step 3). 

a. Check V301. Take voltage 

and resistance measure- 

ments at the tube socket 

of V301 and pin 1 of V302 

(fig. 215). 

b. Check R301, C305, C306, 

C307, C308, and M2350 

(fig. 140). 

a. Check V302. Take voltage 

and resistance measure- 

ments at the tube socket 

of V302 and pin 1 of V303 

(fig. 215). 

b. Check C310 and C312. 

a. Check V303. Take voltage 

and resistance measure- 

ments at the tube socket 

of V303 and pin 1 of V304 

(fig. 215). 

b. Check C315 and C317. 

a. Check V304. Check voltage 

and resistance measure- 

ments at the tube socket 

of V304 and pin | of V305 

(fig. 215). 

. Check C318, C320 and C322. ao 
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Step Test point Test equipment Radar set controls 

22| Pin 1 of V306 
(fig. 131). use 56 db of attenu- 

ation. 

23) Pin 5 of V306 

(fig. 131). use 70 db of attenu- 

ation. 

24| Terminal junc- 

tion of termi- clip of the special 

nal OV and test lead (fig. 136) to 

R2358 (fig. the test point. Con- 

130). nect the special 5- 

foot coaxial cable 

(fig. 136) to the input 

of the sweep frequen- 

cy generator and to 

the UG-290/U con- 

nector of the special 

test lead. Insert 87 

db of attenuation 

into the sweep fre- 

quency generator. 

Section Ill. 

280. General 

a. The receiving system parts are located 

in Radar Receiver-Transmitter RT-212/TPS-— 

1D, Signal Comparator CM-36/TPS-1D, and 

Azimuth-Range Indicator IP-141/TPS-1D. 

The removal and replacement of tubes and 

crystal mixers are covered in TM 11-1167-20. 

Paragraphs 281 through 284 cover the removal 

and replacement of all other receiver parts. 

b. When replacing parts in any of the re- 

ceiver subchassis which carry a 60-mce fre- 

quency care must be taken to replace the part 

with one that is identical both electrically and 

physically. Leads must be placed as near to 

the original placement as possible. If these 

precautions are not observed, the amplifier 

may be detuned which would result in a serious 

loss of efficiency. 

Warning: Extremely dangerous voltages 

exist in each of the units that house the receiv- 

ing system components. When removing and 

replacing parts in these units, be sure that all 

280 

Same sas step'iSiexceptejeseeee.- -. ee Se Waveform 5 squares 

Same as step 18 except |____________- 

Connect* thet alligators) ou eames ie eee eee Waveform (A, fig. 

Normal indications Corrective measures 

a. Check V305. Take voltage 

and resistance measure- 

ments at the tube socket 

of V305 and pin 1 of V306 
(fig. 215). 

b. Check C323, 

C3275 

in amplitude. 

C325, and 

eee Waveform 5 squares | a. Check V306. Take voltage 

and resistance measure- 

ments at the tube socket 

of V306 (fig. 215). 

b. Check C328, C330, and 

C332. 
a.If abnormal, check T301, 

R323, R325, R326, R327, 

C333, C334, C335, CR301, 

and CR302. 

b. If normal, check V307: 

(1) Take voltage and resist- 

ance measurements at 

the socket of V307 

(fig. 215). 

(2) Check C337, C339, C- 

341, R331, and CR- 

303. 

in amplitude. 

213) 5 squares in 

amplitude. 

REMOVAL AND REPLACEMENT OF PARTS 

power has been removed and that high voitage 

capacitors have been discharged with a short- 

ing bar. Heed the high voltage warning plates 

in each unit. 

c. When replacing cable W502 in the re- 
ceiver-transmitter, care must be taken to re- 

place it with a cable length identical to the 

original one. 

281. Signal IF Preamplifier Subchassis U221 
The signal IF preamplifier parts are made 

accessible by removing preamplifier subchassis 

U221. This subchassis is loeated in the re- 

ceiver-transmitter (fig. 124). Parts location 

and identification are shown in figure 127. 

a. Removal. 

(1) Remove the three coaxial cables from 

their associated jacks on the sub- 

chassis. 

(2) Remove power cable connector P228. 

(3) Loosen the knurled captive nut at 

each end of the subchassis. 

(4) Remove the subchassis from the unit. 



b. Replacement. 

(1) Place the subchassis in position and 

tighten the knurled captive nuts 

evenly. 

(2) Connect power cable connector P228 

to J228. 

(8) Connect coaxial cable plugs P224, 

P225 and P227 to J224, J225, and 

J227 respectively. 

282. Coho Preamplifier Subchassis U502 

The coho preamplifier subchassis is mounted 

at the lower right front of the receiver-trans- 

mitter (fig. 124). Parts location and identifi- 

cation are shown in figure 128. Parts can be 

exposed by removing the two machine screws 

from the subchassis and dropping it as far as 

the leads permit. If it becomes necessary to 

completely remove the subchassis follow the 

procedure below: 

a. Complete Removal of U502. 

(1) Remove the terminal identification 

plate from terminal board E502 (fig. 

123). Note its orientation so that it 

may be replaced properly. 

(2) Trace the four power leads from the 

preamplifier subchassis to E502. 

(8) Loosen, remove, and tag the spade 

lugs of the four power leads and re- 

move the leads. 

(4) Remove the two coaxial leads from 

their jacks on the subchassis. 

(5) Remove the coho preamplifier sub- 

chassis. 

b. Replacement of U502. 

(1) Connect the four power leads to the 

proper terminals of terminal strip 

E502 as marked. 

(2) Replace the terminal 

plate of E502. 

(3) Replace the subchassis and secure it 

with the two machine screws. 

(4) Replace coaxial plugs P519 and P521 

to J519 and J521 respectively. 

283. Local Oscillator Assembly U501 

The local oscillator assembly is located on 

the lower-right side of the receiver-transmitter 

(fig. 124). 

a. Removal. 

(1) Remove the four hexagonal nuts lo- 

identification 

cated on the shock mounts in each 

corner of the assembly. 

(2) Remove the two coaxial cables from 

J517 and J518. 

(8) Remove the terminal 

plate on E502 (fig. 123). 

Note. Observe the placement of the ter- 

minal identification plate on E502 so that it 

may be replaced properly. 

(4) Loosen the screws that hold the spade 

lug connectors of the local oscillator 

assembly power leads, and tag the 

leads. 

(5) Remove the local oscillator assembly. 

b. Replacement. 

(1) Replace the spade lug connectors on 

the proper terminals of E502 as 

marked. 

(2) Replace the terminal identification 

plate on E502 with the two mounting 

screws. 

(3) Replace coaxial cable plugs P517 and 

P518 to J517 and J518 respectively. 

(4) Replace the local oscillator assembly, 

placing the four shock mounts over 

the chassis screw posts and secure 

them with four hexagonal nuts. 

identification 

284. Removal and Replacement of L501, 

C503, and T503 

L501, C503, and T5038 are located on the top 

side of the receiver-transmitter directly above 

the local oscillator assembly (fig. 125). Access 

for removal and replacement is obtained by re- 

moving the local oscillator assembly (par. 

283). 

285. Removal and Replacement of Parts 
on Signal IF Amplifier and Coho Sub- 
chassis 

a. The signal IF amplifier and coho sub- 

chassis are located in Signal Comparator CM-— 

36/TPS-1D (fig. 180). To reach these parts, 

loosen the knurled captive nuts on the covers. 

on the underside of the subchassis and remove 

the covers. 

b. Parts location and identification are shown 

on figures 1380 and 1381. When replacing parts 

on these subchassis be sure to follow the pre- 

cautions given in paragraph 280b. 
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Section IV. ALINEMENT AND ADJUSTMENT 

286. General 

a. This section covers the alinement and ad- 

justment of the receiving system when the 

components of the radar set are interconnected. 

Alinement and adjustment procedures for re- 

ceiving system components in Radar Receiver- 

Transmitter RT-212/TPS-1D when bench 

servicing are contained in paragraph 304. 

b. Before making receiver adjustments and 

alinements make certain that the RF system 

is properly alined. RF system mechanical ad- 

justments and alinements are described in 

paragraph 13, TM 11-1167-20. The following 

adjustments and alinements are given in this 

section: 

(1) Coupling adjustment of coho mixer 

RF502 and signal mixer RF503A 

(par. 288). 

(2) Alinement of local oscillator V505 

(par. 289). 

(3) Alinement of signal IF amplifier (par. 

290). 
(4) Alinement of coherent oscillator Z350 

(par. 291). 

c. Before performing any of the procedures 

in paragraphs 288 through 291, check the 

+150-volt de and +300-volt de outputs of the 

de power supply system. Adjustment of the 

+150-volt de supply is outlined in paragraph 

427. Adjustment of the +300-volt de supply 

is outlined in paragraph 428. 

287. Test Equipment Required to Aline 
Receiving System 

The following test equipment is required to 
aline the receiving system. 

Test equipment Common name echaial 

Adapter UG274/U (part of | T-connector_____ 11-5103 

AN/USM-24C). 

Test Set TS-172A/UP_-_-____- Bichowboxseessee. 11-1262 

Multimeter TS-352B/U, or | Multimeter______ 11-5527 

ME-77/U. 

Oscilloscope AN/USM-24C, | Oscilloscope_____- 11-5103, 

or AN/USM-50. 11-5129 
Signal Generator AN/URM- | Uhf signal gen- | 11-5553 

64. erator. 

Signal Generator TS-452C/U_| Sweep frequency | 11-2695 

generator. 

282 

288. Coupling Adjustment of Coho Mixer 
RF502 and Signal Mixer RF503A 

a. General. Coupling of the local oscillator 

output to the signal and coho mixers is made 

adjustable to obtain the correct signal to local 

oscillator voltage mixing ratio. This is done 

so that the crystal mixers operate in a linear 

region of their characteristic curve and provide 

the best signal-to-noise ratio. The following 

procedure is necessary only if a red-line read- 

ing of +10 percent is not obtained on test 

meter M501 in the SIG and COHO positions 

of the TEST SELECTOR switch located on the 

front panel of the receiver-transmitter. 

b. Procedure. To adjust the coho and signal 

crystal mixer coupling proceed as follows: 

(1) Loosen the knurled captive thumb- 

screws on the front panel of the re- 

ceiver-transmitter and pull the unit 

out of its case as far as the stops will 

allow. 

(2) Open the hinged access door beneath 

the unit by loosening the Dzus fasten- 

ers. 

(3) Close interlock switch $504 (fig. 125) 

and turn the radar set on. 

(4) Allow the set to warm up for at least 

10 minutes. Do not press the RADI- 

ATE ON button. 

Warning: Dangerous voltages are 

present in this unit. 

(5) Set the TEST SELECTOR switch on 

the receiver-transmitter to the COHO 
position. 

(6) Loosen the knurled locknut which 

locks the coupling adjustment on the 

coho mixer assembly (fig. 123). 

(7) Turn the coho mixer coupling adjust- 

ment thumbscrew for a red-line read- 

ing on the front panel test meter. 

(8) Tighten the knurled locknut to lock 
the adjustment. 

(9) Set the TEST SELECTOR switch on 
the receiver-transmitter to the SIG 
position. 

(10) Loosen the knurled locknut which 

locks the coupling adjustment on the 
signal mixer assembly. 

(11) Turn the signal mixer coupling adjust- 

ment thumbscrew for a red-line read- 

ing on the front panel test meter. 



(12) Tighten the knurled locknut to lock 

the adjustment. 

(18) Turn the main power switch off. 

(14) Secure the receiver-transmitter. 

289. Alinement of Local Oscillator V505 

a. General. The local oscillator is an ultra- 

high frequency oscillator which tunes over the 

range of 1,265 mc to 1,420 mc. Its output is 

fed to the signal and coho crystal mixers where 
it is heterodyned with the received RF signal 

and produces a 60-mc IF output. The follow- 

ing adjustment is necessary only if the local 

oscillator tube has been replaced or repairs 

made to the local oscillator assembly. This 

adjustment is confined to tuning the cathode 

resonant circuit with five tuning paddles which 

change the path of the magnetic field in the 

cathode cavity of the local oscillator circuit. 

b. Procedure. To adjust the local oscillator 

proceed as follows: 

(1) Remove all cables from the front panel 

of the receiver-transmitter, pull the 

unit out of its case and place the unit 

on its side. 

(2) Reconnect the power input cable plug 

P508 to J508. 

(3) Remove the bottom cover from the 

unit by loosening the Dzus fasteners 

and disable interlock switch $504 

(par. 207b). 

(4) Turn on the radar set and allow a 
20-minute warmup period. Do not 

press the RADIATE ON button. 

(5) Disconnect P514 from J514 (fig. 124) 

and connect the T-connector to J514 

(fig. 132). 

(6) Connect P514 to the T-connector. 

(7) Adjust the signal mixer coupling ad- 

justment (fig. 123) for a red-line read- 

ing on test meter M501. 

(8) Connect the RF output cable of the 

uhf signal generator to the open end 

of the T-connector. 

(9) Disconnect P512 from J512 (fig. 123). 

(10) Set the output of the uhf signal gen- 

erator for a cw signal at 1,845 mc and 

the output amplitude to maximum. 

(11) Connect the vertical input of the 

oscilloscope to J512 and place the 

oscilloscope in a position to observe 

the screen from the indicator. 

(12) Tune the local oscillator, using the 

L.O. MOTOR switch on the front panel 

of the indicator, for a minimum num- 

ber of beat note cycles on the oscillo- 

scope. 

(13) Disconnect the oscilloscope and the 

uhf signal generator and connect 

B5IZ:t0_Jolz: 

(14) Readjust the signal mixer coupling 

for a red-line reading on test meter 

M501. 

(15) Adjust the five tuning paddles for a 

maximum reading of signal crystal 

current on test meter M501. 

(16) Remove the T-connector from J512 

and connect P514 to J514. 

(17) Readjust the signal crystal current 

for a red-line reading on M501. 

(18) Replace the bottom cover on the re- 

ceiver-transmitter and slide the unit 

back into its case. 

RADAR RECEIVER TRANSMITTER RT-212/TPS-ID 

(BOTTOM VIEW) 

TO LOCAL 
OSCILLATOR 

SIGNAL MIXER PSs 
COUPLING 

ADJUSTMENT 

OSCILLOSCOPE 

UHF SIGNAL 

VERTICAL GENERATOR 

INPUT 

TMII67-35-106 

Figure 182. Local oscillator alinement connections. 
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(19) Connect all cables removed from the 

front panel of the unit. 

290. Alinement of Signal IF Amplifier 

a. General. The signal IF amplifier is lo- 

cated in the signal comparator (fig. 130). It 

amplifies the signal received from the signal 

IF preamplifier in the receiver-transmitter. 

Alinement of this amplifier strip is confined 

to one adjustment, C305, located in the grid 

circuit of the second IF amplifier stage. 

b. Procedure. 

(1) Loosen the four captive thumbscrews 

at the top and bottom of the signal- 

comparator and pull the unit out of 

its case until stopped by the chassis 

catch. 

(2) Turn the main power switch to the 

ON position and after the five-minute 

time delay, press the RADIATE ON 

button. Allow 20 minutes for warm- 

up. 

(3) Attach the echo box to RF TEST jack 

J501 using the cable provided with the 

echo box. 

(4) With the echo box switch on the 

TUNE position, tune the echo box for 

maximum meter deflection. 

(5) Set the following switches and con- 

trols to the positions indicated: 

(a) TUNE-READ switch on the echo 

box to READ. 

(b) INTERNAL-EXTERNAL © switch 

on the modulator to EXTERNAL. 

(c) OPERATION SELECTOR switch 
on the signal comparator to RE- 

MOTE. 

(d) TEST SELECTOR switch on the 

signal comparator to OFF. 

(e) OPERATION switch on the indi- 

cator to NORM. 

(f) A RANGE SELECTOR switch to 

20. 

(9g) ANTIJAM switch to OFF. 

(h) A VIDEO GAIN control to midpo- 

sition. 

(6) Adjust C305 (fig. 181) for maximum 

grass on the A-scope. 

(7) Adjust the RECEIVER GAIN control 

on the front panel of the indicator for 
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a grass level of 1/3 the saturation 

level of the A-scope. 

Note. Best results are obtained with the 

A RANGE SELECTOR switch on the 160 

position for this adjustment. 

(8) Hold the L.O. MOTOR switch in the 

INC position for approximately 30 sec- 

onds or until the local oscillator motor 

stops running. 

(9) Decrease the frequency of the local 

oscillator in small steps using the 

L.O. MOTOR switch. 

(10) Adjust the local oscillator for maxi- 

mum ringtime with the L.O. MOTOR 

switch. 

(11) Readjust C305 for maximum ringtime. 

(12) Slide the signal comparator back into 

its case and secure it with the front 

panel thumbscrews. 

(13) Disconnect the echo box. 

(14) Readjust the signal mixer coupling 

for a red-line meter reading (par. 

288). 

291. Alinement of Coherent Oscillator Z350 

a. General. The coho oscillator strip ampli- 

fies the 60-mc output from the coho preampli- 
fier and uses this frequency to synchronize a 

60-mc coherent oscillator. Therefore the coho 

oscillator output is phase-locked to the differ- 

ence frequency between the local oscillator and 

magnetron outputs. Before the proper results 

can be obtained from alinement of the coho 

oscillator, the signal channel must be correctly 

alined (par. 290). For complete mti alinement 

refer to paragraph 14, TM 11-1167-20. 

b. Procedure. 

(1) Loosen the four captive thumbscrews 

at the top and bottom of the signal 

comparator and pull it out of its case 

until stopped by the chassis catch. 

(2) Turn the main power switch to the 

ON position and after the 5-minute 

time delay, press the RADIATE ON 

button. Allow 20 minutes for warm- 

up. 

(3) Attach the echo box to RF TEST jack 

J501 using the cable provided with the 

echo box. 

(4) With the echo box switch on the 

TUNE position, tune the echo box for 

maximum meter deflection. 



(5) Check the coho crystal current on the 

receiver-transmitter (adjustment pro- 

cedure outlined in paragraph 288). 

(6) Set the TEST SELECTOR switch on 

the signal comparator to the (2) 

COHO LEVEL position and adjust 

COHO LEVEL R2351 (fig. 129) for 

a red-line reading on the TEST 

METER. 

(7) Set the following switches and con- 

trols to the positions indicated. 

(a) TUNE-READ switch on the echo 

box to READ. 

(6) INTERNAL-EXTERNAL - switch 

on the modulator to EXTERNAL. 

(c) OPERATION SELECTOR switch 

on the signal comparator to RE- 
MOTE. 

(d) TEST SELECTOR switch on the 

signal comparator to OFF. 

(e) OPERATION switch on the indi- 

cator to COHO ADJ. 

(f) A RANGE SELECTOR switch to 

20. 

(g) ANTIJAM switch to OFF. 

(h) A-SCOPE VIDEO GAIN control to 

midposition. 

(8) Adjust C861 (fig. 181) until a mini- 

mum number of square waves (or sine 

waves) are seen on the A-scope. 

Note. This adjustment should be made 

with a nonmetallic screwdriver if available. 

(9) Turn COHO SYNC _ potentiometer 

R2355 (fig. 129) completely counter- 

clockwise. 

(10) Rotate R2355 clockwise until the ring- 

time on the A-scope stops jittering 

and note the position of the shaft. 

(11) Continue to rotate R2355 in a clock- 

wise direction until the pattern falls 
_ out of syne (becomes unstable). 

(12) Return the shaft position to R2355 

to a point halfway between the un- 

stable points. 

(18) Slide the signal comparator back into 

its case and secure it with the front 

panel thumbscrews. 

(14) Readjust COHO LEVEL control 

R2351 slightly for a minimum number 

of square waves (or sine waves) on 

the A-scope. 

Note. A straight line is the ideal indica- 

tion. 

(15) Disconnect the echo box. 

Section V. FIELD TESTING 

292. General 

a. This section describes the testing proce- 

dures required to check the serviceability of a 

repaired receiving system when the compo- 

nents of the radar set are interconnected. The 

first test to be made of the receiving system is 

the minimum discernible signal (mds) test to 

check the receiver sensitivity. The MDS test 

procedure is covered in paragraph 166, TM 

11-1167-20. 

b. Bench testing of the receiving components 

in the receiver-transmitter is outlined in para- 

graph 305 and bench testing of the receiving 

components in the signal comparator is out- 

lined in paragraph 311. Testing procedures 
designed to check the serviceability of the com- 

plete radar set are covered in paragraph 448. 

293. Test Equipment Required 

The following items of test equipment are 
required to completely test the serviceability 

of the receiving system. 

Test equipment Common name Feemer 

Adapter UG274/U__-_--__-- T-connector-_ -____ 11-5103 

Multimeter TS-352B/U, or | Multimeter______ 11-5527 

ME-77/U. 

Oscilloscope AN-/USM-24C, | Oscilloscope_-_-__-__ 11-5103, 

or AN/USM-50. 11-5129 

Signal Generator AN/URM-— | Uhf signal gen- | 11-5553 

64. erator. 

Signal Generator TS—452C/U_| Sweep frequency | 11-2695 

generator. 

Signal Generator TS-497B/ | Vhf signal gen- | 11-5030 

URR. erator. 

294. Local Oscillator Testing 
a. General. After the local oscillator stage 

has been repaired it should be tested for the 

proper frequency range and output amplitude. 

b. Procedure (fig. 132). 

(1) Remove all cables from the front panel 

of the receiver-transmitter; pull the 

unit out of its case and place it on 

its side. 
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(2) 

(3) 

(4) 

(5) 

(6) 
(7) 

(8) 

(9) 

(10) 
(11) 

(12) 

(13) 

(14) 

(15) 

(16) 
(17) 

Reconnect the power input cable plug 

P508 to J508. 

Remove the bottom cover from the 

unit by loosening the Dzus fasteners 

and disable interlock switch S504 

(par. 207b). 

Turn on the radar set and allow a 20- 

minute warm up period. Do not press 

the RADIATE ON button. 

Disconnect P514 from J514 (fig. 124) 

and connect the T-connector to J514. 

Connect P514 to the T-connector. 

Turn the L.O. MOTOR switch on the 

indicator to the DEC position and 

allow the local oscillator tuning motor 

to reach the low limit. 

Adjust the signal mixer coupling ad- 

justment (fig. 123) for a red-line read- 

ing on test meter M501. 

Connect the RF output cable of the 

uhf signal generator to the open end 

of the T-connector. 

Disconnect P512 from J512 (fig. 123). 

Set the RF output of the uhf signal 

generator for a cw signal of maxi- 

mum amplitude as indicated on the 
RF output dial. 

Connect the vertical input of the oscil- 

loscope to J512. 

Tune the uhf signal generator fre- 

quency until a minimum number of 

beat note cycles appear on the oscillo- 

scope. 

Read the frequency on the dial of 

the uhf signal generator. This is the 

lowest frequency of oscillation of the 

local oscillator and should be at least 

1,265 me. 

Disconnect the uhf signal generator 

from the T-connector and the oscillo- 

scope from J512. 

Connect P512 to J512. 

Turn the L.O. MOTOR switch to the 

INC position and watch the signal 

crystal current indication on meter 

M501. If the reading falls below red 

line, readjust the signal crystal cou- 

pling adjustment to be certain a red- 

line reading can be obtained through- 

out the tuning range of the local 

oscillator. 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

When the upper limit of the local 

oscillator tuning motor is reached, con- 

nect the uhf signal generator RF out- 

put to the T-connector. 

Disconnect P512 from J512 and con- 

nect the vertical input of the oscillo- 

scope to J512. 

Tune the uhf signal generator until a 

minimum number of beat note cycles 

appear on the oscilloscope. 

Read the frequency on the dial of 

the uhf signal generator. This is the 

highest frequency of oscillation of the 

local oscillator and should not be 

lower than 1,420 mc. 

Disconnect the test equipment and re- 

move the T-connector from J514. 

Connect P514 to J514 and P512 to 

J512. 

Run the local oscillator tuning motor 

until its frequency is approximately 

in the center of the range. 

Readjust the signal crystal current 

for a red-line reading on M501. 

Replace the bottom cover on the re- 

ceiver-transmitter and replace the unit 

in its case. 

Connect all cables removed from the 

front panel connectors of the unit. 

295. Calibration of the Sweep Frequency 
Generator for Gain Tests 

a. General. Gain tests of the signal IF and 

coho amplifier stages require the calibration of 

the sweep frequency generator. The following 

procedure should be used prior to testing any 

of the 60-mc IF amplifiers in the receiving sys- 

tem. 

b. Procedure. 

(1) 

(2) 

(3) 

(4) 

Ground the sweep frequency generator 

to the radar set. . 

Connect the power cable of the sweep 

frequency generator to power recep- 

tacle J409 on the power supply of the 

radar set. 

Warm up the radar set without radi- 

ation and the sweep frequency gener- 

ator for 15 minutes. 

While the equipment is warming up 

adjust the positive 150-volt supply of 

the radar set (par. 427). 



(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 
(12) 

(13) 

(14) 

(15) 

(16) 

Install the appropriate oscillator coil 

in the sweep frequency generator. 

Cut out all attenuation of the sweep 

frequency generator. 

Connect the traveling detector to the 

input jack of the sweep frequency 

generator. 

Connect the output cable to the RF 

output jack. 

Adjust the scope controls under the 

small access panel on top of the sweep 

frequency generator to center the 

beam. 

Turn the horizontal amplifier gain 

control fully clockwise. 

Turn the motor switch on. 

Turn the sweep speed control fully 

clockwise. 

Decrease the horizontal amplifier gain 

control clockwise until the sweep just 

extends the length of the graph. 

Connect the traveling detector probe 

to the free end of the output cable on 

the sweep frequency generator. 

Decrease the sweep speed until the 

test pattern of figure 133 is observed. 

Adjust the vertical amplifier gain con- 

trol until the signal is 5 squares high 

in amplitude. 

TMII167-35-200 

Figure 133. Sweep frequency generator 

(17) 

calibration pattern. 

If the pattern of figure 133 is not ob- 

served adjust the multivibrator reset 

and ave reset controls until the correct 

pattern is obtained. 

296. Signal IF Preamplifier Test 

a. General. The signal IF preamplifier test 

consists of testing the gain, band pass and cen- 

ter frequency using the sweep frequency gen- 

erator. 

b. Procedure for Testing Gain. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

Pull the receiver-transmitter out of 

its case as far as the drawer stops. 

On the underside of the unit open the 

hinged access door by loosening the 

Dzus fasteners. 

Calibrate the sweep frequency gen- 

erator as outlined in paragraph 295. 

Disconnect input plug P224 from J224 

on the signal IF preamplifier. 

Connect the output of the sweep fre- 

quency generator to J224 using the 

output cable. 

Turn on the radar set and allow a 20- 

minute warmup period. 

Disconnect P507 from I.F. OUTPUT 

J507 on the front panel of the re- 

ceiver-transmitter. 

Connect the input jack of the sweep 

frequency generator to J507 using the 

traveling detector probe. 

Cut in attenuation on the sweep fre- 

quency generator until the scope pres- 

entation is 5 squares in amplitude. 

Add all the attenuation set in on the 

sweep frequency generator. 

The sum of the attenuation is equal 

to the gain of the preamplifier and 

should be 57 db +3 db. 

c. Procedure for Testing Band Pass. 

(1) 

(2) 

Reduce the attenuation and adjust the 

vertical gain control on the sweep fre- 

quency generator until the pattern is 

equal to half the scope diameter. 

Check to see that there is no limiting. 

(a) Insert 3 db of attenuation and note 

the decrease in amplitude. 

(b) Insert an additional 3 db of attenu- 

ation and note the decrease in am- 

plitude. 

(c) If the second decrease is less than 

the first there is no limiting. 

(d) Cut out the 6 db of attenuation. 

(3) 

(4) 
(5) 

Cut in 3 db of attenuation and mark 

the —3-db amplitude on the scope. 

Cut out the 3 db of attenuation. 

Using the sweep frequency generator 

wavemeter marker check the center 

frequency of the response curve. 
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(BOT TOM VIEW) 
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Figure 134. Test equipment connections, signal IF preamplifier. 

(6) The center frequency should be 60 

mor dame: 

(7) Adjust the wavemeter marker to the 

upper 3-db point of the response curve 

and note the frequency of the marker. 

(8) Adjust the wavemeter marker to the 

lower 3-db point of the response curve 

and note the frequency of the marker. 

(9) Subtract the lower marker frequency 

from the higher marker frequency. 

(10) The difference is the band pass of the 

signal IF preamplifier and should be 

2.56 me +.5 mc. 

(11) Disconnect the sweep frequency gen- 

erator and connect P224 to J224 and 

P507 to J507. 

(12) Secure the access door beneath the 

receiver-transmitter and slide the unit 

back into its case. 

297. Coho Preamplifier Test 

a. General. The coho preamplifier test con- 

sists of testing the gain, center frequency and 

band pass using the sweep frequency gener- 

ator. 

b. Procedure for Testing Gain. 

(1) Pull the receiver-transmitter out of 

its case as far as the drawer stops. 

(2) On the underside of the unit open the 

hinged access door by loosening the 

Dzus fasteners. 
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(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(1) 

(2) 

Calibrate the sweep frequency gener- 

ator as outlined in paragraph 295. 

Disconnect P521 from J521 on the 

coho preamplifier subchassis. 

Connect the output of the sweep fre- 

quency generator to J521 using the 

5-foot output cable. 

Turn on the radar set and allow a 

20-minute warmup period. 

Disconnect P503 from COHO SYNC 

jack J503 on the front panel of the 
receiver-transmitter. 

Connect the input jack of the sweep 

frequency generator to J503 using the 

traveling detector probe. 

Cut in attenuation on the sweep fre- 

quency generator until the scope pres- 

entation is 5 squares in amplitude. 

Add all the attenuation set in on the 

sweep frequency generator. 

The sum of the attenuation is equal 
to the gain of the preamplifier and 

should be 27 db +2 db. 

c. Procedure for Testing Band Pass. 

Reduce the attenuation and adjust 

the vertical gain control on the sweep 

frequency generator until the pattern 

is equal to half the scope diameter. 

Check to see that there is no limiting. 

(a) Insert 3 db of attenuation and note 

the decrease in amplitude. 



RADAR 

RECEIVER - TRANSMITTER 

RT—212/TPS- 1D 

(BOT TOM VIEW) 

SWEEP FREQUENCY 

GENERATOR 

O 
INPUT RF 

oe U 

OUTPUT 

DETECTOR 
PROBE TMII67-35-202 

Figure 135. Test equipment connections, 

coho preamplifier. 

(b) Insert an additional 3 db of attenu- 

ation and note the decrease in am- 

plitude. 

(c) If the second decrease is less than 

the first there is no limiting. 
(d) Cut out the 6 db of attenuation. 

(3) Cut in 3 db of attenuation and mark 

the —3-db amplitude on the scope. 

(4) Cut out the 3 db of attenuation. 

(5) Using the sweep frequency generator 

wavemeter marker, check the center 

frequency of the response curve. 

(6) The center frequency should be 60 mc 

EEL me: 

(7) Adjust the wavemeter marker to the 

upper 3-db point of the response curve 

and note the frequency of the marker. 

(8) Adjust the wavemeter marker to the 

lower 3-db point of the response curve 

and note the frequency of the marker. 

(9) Subtract the lower marker frequency 

from the higher marker frequency. 

(10) The difference is the band pass of coho 
preamplifier and should be 1 mc +.2 

mc. 

(11) Disconnect the sweep frequency gen- 

erator and connect P521 to J521 and 

P5038 to J503. 

(12) Secure the access door beneath the 

receiver-transmitter and _ slide the 

unit back into its case. 

298. Signal IF Amplifier Test 

a. General. 

consists of testing the gain, center frequency, 

band pass, and limit level. 

ee 

7 EES 

belies 

Testing the signal IF amplifier 

These items must 

meet specific requirements before the amplifier 

can be considered as operational. To test the 

amplifier proceed as follows: 

b. Procedure for Testing Gain. 

(1) Turn on the radar set and allow a 20- 

minute warmup period. 

(2) On the front panel of the signal com- 

parator set the controls as follows: 

(a) TEST SELECTOR switch — (1) 
LF. AMPL. LEVEL. 

(6) OPERATION SELECTOR switch 
— NORMAL. 

(c) LF. AMPL. LEVEL control — Red- 

line reading. 

(3) Pull the signal comparator out of its 

case. Be sure to disconnect the delay 

line. 

(4) Adjust C305 on the signal IF amplifier 

for a maximum reading on the signal 

comparator TEST METER. 

(5) Set up the sweep frequency generator 

(par. 295). 

(6) Disconnect the traveling detector 

probe from the sweep frequency gen- 

erator. 

(7) Disconnect P307 from J307 on the sig- 
nal IF amplifier. 

(8) Connect the output of the sweep fre- 

quency generator to J307 by means of 

the output cable. 

(9) Connect the alligator clip of the spe- 

cial test lead (fig. 186) to the terminal 

junction of R2358 and terminal OV 

on the underside of the signal IF am- 

plifier subchassis (fig. 130). 

— 2 FEET OR LESS ——————e ar, 

————— fo) le 

WW 
——— 

ALLIGATOR CLIP 

90/U 
BNC CONNECTOR 

SPECIAL TEST LEAD 

|-—_—_—___— S FEET | 

UG-88/U 

SPECIAL 5 FOOT LEAD TMII67 -35-197 

Figure 136. Special test leads. 
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Figure 137. Test equipment connections, signal IF amplifier. 

(10) Connect the UG-—290/U end of the quency generator until the scope pres- 

special test lead to the special 5-foot entation is 5 squares in amplitude. 

coaxial cable (fig. 136). Connect the (14) Add all the attenuation set in on the 
other end of the cable to the input sweep frequency generator. 
jack of the sweep frequency gener- 

(15) The sum of the attenuation is equal 
ator. to the gain of the amplifier and should 

(11) Turn the TEST SELECTOR switch on be 87 +5 db. 

the signal comparator to OFF. c. Procedure for Testing Band Pass. 

(12) Turn the I.F, AMPL, LEVEL control (1) Reduce the attenuation and adjust the 
on the signal comparator fully clock- : vertical gain on the sweep frequency 
wise. 

generator until the pattern is equal to 
(13) Cut in attenuation on the sweep fre- half of the scope diameter. 
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(2) Check to see that there is no limiting. 

(a) Insert 3 db of attenuation and note 

the decrease in amplitude. 

(b) Insert an additional 3 db attenua- 

tion and note the decrease in am- 

plitude. 

(c) If the second decrease is less than 

the first there is no limiting. 

(d) Cut out the 6 db of attenuation. 

(3) 

(4) 
(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

Cut in 8 db of attenuation and mark 

the —3-db amplitude on the scope. 

Cut out the 3 db of attenuation. 

Using the sweep generator wavemeter 

marker check the center frequency of 

the response curve. 

If the center frequency is not 60 mc 

adjust C305. 

Adjust the wavemeter marker to the 

lower 3-db point of the response curve 

‘and note the frequency of the marker. 

Adjust the wavemeter marker to the 

upper 3-db point on the response curve 

and note the frequency of the marker. 

|Subtract the lower marker frequency 
from the higher marker frequency. 

The difference is the band pass of the 

signal IF amplifier and should be 1 mec 

sco Lemc. 

Adjust C305 until the amplitude of 

the response curve drops to the —3-db 

point. 

Using the wavemeter marker note the 

center frequency of the response 

curve. 

Vary C305 until the response curve 

amplitude drops to the —8-db point 

at the other extreme frequency. 

Using the wavemeter marker, note the 

center frequency of the response 

curve. 

Subtract the lower frequency from the 

higher frequency. 

The difference is the band pass of the 

last five stages and should be 5 mc 

+1 me. 

Disconnect the sweep frequency gen- 

erator and connect P307 to J307 on the 

amplifier. 

d. Procedure for Testing Signal IF Amplifier 

Limit Level. 

(1) Turn on the vhf signal generator. 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

Set the vhf signal generator to 60-mc 

cw and 0-microvolt output. 

Allow the vhf signal generator suffi- 

cient time to warmup and become 

stable. 

Connect the multimeter to the termi- 

nal junction of terminal OV and R2358 

(fig. 180). 

Set the multimeter controls to meas- 

ure —.1 volt. 

With no signal input adjust I.F. 

AMPL. LEVEL control R2350 for a 

reading of —.1 volt on the multimeter. 

Set the multimeter controls to meas- 

ure —5 volts. 

Disconnect P306 from J306 on the 

front panel of the signal comparator 

and connect the RF output cable of 

the vhf signal generator to J306. 

Turn up the RF output level on the 

vhf signal generator until the multi- 

meter indicates approximately one- 

third scale. 

Adjust the output frequency of the 

vhf signal generator until a peak 

reading is obtained on the multimeter. 

Turn the output amplitude of the 

vhf signal generator to maximum and 

check the voltmeter reading. 

This reading is the limit level of. the 

signal IF amplifier and should be 4 

volts +.6 volts. 

Secure the test equipment and slide 

the signal comparator back into its 

case. Do not forget to connect the 

delay line. 

299. Coherent Oscillator Z350 Testing 

a. General. Testing the coho IF amplifier 

consists of testing the gain, center frequency 

and band pass. These items must meet spe- 

cific requirements before the amplifier can be 

considered as operational. To test the ampli- 

fier proceed as follows. 

b. Procedure for Measuring Gain. 

(1) 

(2) 

Turn on the radar set and allow a 20- 

minute warmup period. 

Set the controls on the front panel of 

the signal comparator as follows: 

291 



Control Position 

TEST SELECTOR switch_-_.-_----.---- OFF. 
OPERATION SELECTOR switch-- - --- NORMAL. 
COHO-SY NC controls 2a eee eee oe Fully clockwise. 

(3) Pull the signal comparator out of its 

case. Be sure to disconnect the delay 

line. 

(4) Set up the sweep frequency generator 

as outlined in paragraph 295. 

(5) Disconnect the traveling detector 

probe from the sweep frequency gen- 

erator. 

(6) Disconnect P3850 from J350 on the 

coho oscillator subchassis and P307 

from J307 on the signal IF amplifier 

subchassis. 

(7) Connect the RF output of the sweep 

frequency generator to J350 with the 

output cable. 

(8) Connect the alligator clip of the spe- 

cial test lead (fig. 136) to the terminal 

junction of R2358 and terminal OV 

on the underside of the signal IF am- 

plifier subchassis (fig. 180). 

(9) Connect the UG—290/U end of the spe- 

cial test lead to the special 5-foot 

coaxial cable (fig. 186) and connect 

SIGNAL COMPARATOR CM-36/TPS-ID 

(BOTTOM VIEW) 

SIGNAL IF AMPLIFIER 

COHO OSCILLAT' 
(TOP OF OSCILLATOR 

CHASSIS) 
J350 

Ff 
od 

od 

SWEEP: FREQUENCY GENERATOR 

O 
RF 

INPUT OUTPUT 
e i) 

TMII67-35-204 

Figure 138. Test equipment connections, 

coho oscillator. 
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the free end of the cable to the input 
jack of the sweep frequency generator. 

(10) Cut in attenuation until the pattern 

of A, figure 213 is observed. 

(11) Adjust C361 on the coho IF amplifier 

subchassis for maximum amplitude of 
the displayed pattern. 

(12) Cut in attenuation until the scope pat- 

tern is 5 squares in amplitude. 

(18) Add all the attenuation set in on the 
sweep frequency generator. 

(14) The sum of the attenuation is equal to 

the gain of the amplifier and should 
be 37 db +2 db. 

c. Procedure for Measuring Band Pass. 

(1) Mark the amplitude of the pattern 

obtained in b(12) above. 
(2) Cut out 3 db of attenuation. 

(3) Set the sweep frequency generator 

wavemeter marker at the peak of the 

waveform. 

(4) This is the center frequency and 

should be 60 mc +1 mc. 

(5) Set the wavemeter marker at the right 

side of the response curve on the —3- 

db point previously marked and re- 

cord the wavemeter frequency. 

(6) Set the wavemeter marker to the left 

—3-db amplitude of the response curve 

and record the wavemeter frequency. 

(7) Subtract the second recorded fre- 

quency from the first recorded fre- 

quency. 

(8) The difference is the band pass of the 

amplifier and should be 1 mc +.2 me. 

(9) Adjust C361 until the amplitude of 

the response curve falls to the upper 

—3-db point. 

10) Using the wavemeter marker, note the 

center frequency of the response 

curve. 

‘11) Adjust C361 until the amplitude of 
the response curve falls to the lower 

—3-db point. 

(12) Using the wavemeter marker note the 

center frequency of the response 

curve. 

(13) Subtract the first frequency from the 
second frequency. 

(14) The difference frequency is the tuning 

range of the coho IF amplifier and 

should be 4.5 me +1 me. 



(15) Disconnect the sweep frequency gen- 

erator and connect P350 to J350 and 

P307 to J307. 

Section VI. 

300. General 
This section covers bench servicing of the 

receiving circuits located in the receiver-trans- 
mitter. Bench servicing of the receiving cir- 
cuits located in the signal comparator is covered 
in section VII. The following information will 
be helpful when bench servicing the receiving 
circuits in the receiver-transmitter. 

Location 

Fig. 212. 

Information 

Radar Receiver-Transmitter RT- 

212/TPS-1D, complete schematic 

diagram. 

Receiving system theory_----------- 

Location of parts in the receiver- 

transmitter. 

Pars. 52 through 72. 

Par. 269 and figs. 123 

through 128. 

Receiver-transmitter voltage and re- | Fig. 211. 
sistance diagram. 

Receiver-transmitter waveforms. ---- Fig. 213 

Receiving system controls and ad- | Par. 270 

justments. 

Test equipment 

Eowerimuppiy PP-674/TPS-1D.......-..........-..-.---- 

Pioroieceneratvor & U=20B/O sec. tacos see seg ke oho ok 

PieiamGencratorn AN /URM—64_ .... 9.....22-....8.....8. 

SremumreneraLor, Loat02G/ Unt a i ee linn 

Multimeter TS-352B/U, or ME-77/U_________-__--------- 

Crystal Rectifier Test Set TS-268E/U_______..______-_-_-- 

BHereronmuipe: Lest eet LV—-7bB/U... 222-2 ob eee ee 

Tube Socket Adapter Kit MX-1258/U_-_-_-_-------------- 

Electrical Power Cable Assembly CX-3640/U-_--_---------- 
Electrical Power Cable Assembly CX-2000/U-------------- NoOnGS..0 <b ee ehete oa ee 

aggre [BYap eT SZ TSW 0) 2% Eo) Di eae Sm eae ON ee 

Oscilloscope AN /USM-24C, or AN/USM-50_-_-_------------ 

302. Bench Servicing Connections 

Follow the procedure in a through g below 

to connect Radar Receiver-Transmitter RT- 

212/TPS-1D for bench servicing the receiving 

circuits. 

a. Disconnect all cables connected to the 

front panel of the receiver-transmitter. 

b. Release the eight captive screws on the 
front panel of the receiver-transmitter, remove 

(16) Secure the test equipment and con- 

nect the delay line, then slide the 

signal comparator back into its case. 

BENCH SERVICING RECEIVER-TRANSMITTER 

Information Location 

Normal readings of receiving system | Par. 272. 

panel meters. 

Normal indications at receiving sys- | Par. 273. 

tem test points. 

De resistance of inductive compo- | Par. 274. 

nents in receiving system. 

Removal and replacement of part in | Pars. 280 through 

receiving system. 285. 

301. Test Equipment Required 

The following items of test equipment and 

cables are required to bench service the re- 

ceiving circuits in the receiver-transmitter. 

The cables are supplied with Test Set AN/ 

MPM-23. 

Common name Reference 

Powersupply segue This manual, chapter 8. 
Motor, generator. la2222-—_ 42. T™ 11-978. 

UHF signal generator/________- TM 11-5553. 

Sweep frequency generator - - - __ TM 11-2695. 

Multimeter touche 2 oa ae aoe TM 11-5527. 

Crystal checkers sere a eae TM 11-1242. 

ubertestersace tee eee TM 11-5083. 

Literature packed with kit. 

Non@s)5% bss ce tees ol ee ee Seek TM 11-1250. 

TM 11-1250. 

Qutletibox. sas a et eee TM 11-1080A. 
Oscilloscones oe ached aides: TM 11-5103 

TM 11-5129. 

the chassis from its case, and disable the inter- 

lock (par. 207b). 

c. Connect the dummy load resistors to ter- © 

minal E401 (fig. 179) in the power supply as 

shown in B, figure 139. 

d. Connect a single-pole, single-throw switch 

or jumper wire to terminals 03 and 2103 on 

terminal strip E403 (fig. 179) in the power 

supply as shown in C, figure 139. 
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RADAR 

MOTOR GENERATOR POWER SUPPLY RECEIVER-TRANSMITTER 
PP-674/TPS-ID RT-212/TPS-ID 

ELECTRICAL 
POWER IN POWER CABLE 

ASSEMBLY 
CX-3640( )/U J405 

ELECTRICAL 
POWER CABLE 
ASSEMBLY 
CX-2000/uU J508 

115/230V 
60CPS A 

° ° E401 
1703 1603 

B 

SPST SWITCH 
OR JUMPER 

E403 

C 

SPOT CENTER 
OFF SWITCH 

E502 

D 
TMII67-35-205 

Figure 139. Bench servicing connections for Radar Receiver-Transmitter RT-212/TPS-1D. 
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e. Connect the receiver-transmitter for bench 

servicing as shown in A, fig. 139. 
(1) Connections for individual items of 

test equipment required for trouble- 

shooting, alinement, and testing pro- 

cedures are shown in the appropriate 

paragraphs referenced for the pro- 

cedure desired. 

(2) When power is required for more 

than one item of test equipment use 

the outlet box for the test equipment 

power connections and plug the outlet 

box into J409 115 V 400 outlet on 

the power supply. 
f. When the receiver-transmitter is connected 

for bench servicing the switch connected to 

terminals 03 and 2103 on E403 functions as 

POWER switch S602 on the indicator. If de- 

sired, a jumper may be used in place of the 

switch and the power controlled by turning 

the motor generator off and on. 

g. When performing the local oscillator 

troubleshooting, alinement, and test procedures, 

connect a single-pole, double-throw, center-off 

switch to terminal E502 (fig. 123) in the re- 

ceiver-transmitter as shown in D, fig. 1389. 

This switch functions as L. O. MOTOR switch 

$613 on the front panel of the indicator. 

303. Bench Troubleshooting Receiver- 
Transmitter 

a. Connect the receiver-transmitter for bench 

servicing (par. 302). 

Section VII. 

306. General 

This section covers bench servicing of the 

receiving circuits in the signal comparator. 

These circuits are coho oscillator Z350 and 

signal IF amplifier Z301. Bench servicing the 

receiving circuits located in the receiver-trans- 

mitter is covered in section VI. The following 

information will be helpful when bench servic- 

ing the receiving circuits in the signal com- 

parator. 

Information Location 

Signal Comparator CM-36/TPS-— | Fig. 219. 

1D, complete schematic diagram. 

Receiving system theory_._____---- Pars. 52 through 72. 

Location of parts in the signal com- | Figs. 129 through 131. 

parator. 

b. Follow the procedure of the receiving 

system step-by-step troubleshooting chart (par. 

279, steps 6 through 11). 

304. Bench Alinement and Adjustment 

The receiving portion of the receiver-trans- 

mitter can be alined when connected for bench 

Servicing (par. 302). This alinement and ad- 

justment consists of the crystal coupling ad- 

justments and local oscillator alinement. 

a. For adjustment of the signal and coho 

crystal mixers refer to paragraph 288. 

b. For alinement procedure of the local oscil- 

lator assembly refer to paragraph 289. 

305. Bench Testing Receiver-Transmitter 

To bench test the serviceability of the re- 

paired receiving circuits in the receiver-trans- 

‘mitter, connect the receiver-transmitter for 

bench servicing (par. 302). The following 

chart lists the testing procedures required to 

completely test the receiver-transmitter receiv- 

ing circuits and references a paragraph that 

contains detailed step-by-step directions for 

making each test. 

Test Procedure 

Local: oscillator testing) 222... 5-2 23---2 Par. 294. 

Signal IF preamplifier test___------------ Par. 296. 

Coho preamplifier test__._-----------+-- Par. 297. 

BENCH SERVICING COMPARATOR 

Information Location 

Signal comparator voltage and re- | Figs. 215 and 216. 

sistance diagrams. 

Signal comparator waveforms. - -- -- Fig. 213. 

Receiving system controls and ad- | Par. 270. 

justments. 

Test equipment connections special | Figs. 136, 137, and 

test lead. 138. 

De resistance of inductive compo- | Par. 274. 

nents. 

Removal and replacement of parts__| Par. 285. 

307. Test Equipment Required 
The following items of test equipment and 

cables are required to bench service the re- 

ceiving circuits in the signal comparator. The 

cables are supplied with Test Set AN/MPM-28. 
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Test equipment 

Power Supply PP-674/TPS-LD_ 2 22 See ee oe ee oe 

Motor-Generator PU-20B/Cre oe ene ee eee 

Signal Generator‘ES+452C /U are te ies 2 See. = Seo. 

Multimeter TS-352B /U, om ME/7(7)/ Ue2e2 tea eae eee 

Electron. Lube Lest setclV—4b/ Usa eae ee ere 

BlectroniesMultimeter e000 G/ Ube evs ae eee eee = 

Tube Socket Adapter Kit MX-1258/U-_------------------- 

Electrical Power Cable Assembly CX-—38640/U _------------- 

Electrical Power Cable Assembly CX—2001/U- ------------- 

Common name Reference 

POWEE SUDDIVe wesc as eee This manual, chapter 8. 
Motor generator..22- 2055-2222 TM 11-978. 

Sweep frequency generator - - - -- TM 11-2695. 

Multimeterso3 2. 2th. 2 oe reas TM 11-5527. 
Tube testers. (<3 as eweenetaees TM 11-5083. 

Vive e325. meee ee eee oe TM 11-5511. 
Tube socket adapter kit__-_-__-- Literature packed with kit. 
Nonels i Se RS ee eee aes TM 11-1250. 
Nore 252 Bete ee. ee TM 11-1250. 

308. Bench Servicing Connections 

Follow the procedure in a through g below 

to connect Signal Comparator CM-36/TPS-1D 

for bench servicing. 

a. Disconnect all cable connected to the front 

panel of the signal comparator. 

b. Release the eight captive screws on the 

front panel of the signal comparator and re- 
move the chassis from its case. Do not forget 

to disconnect the delay line. 

c. Connect the dummy load resistors to ter- 

minal E401 (fig. 179) in the power supply as 

shown in figure 147. 

d. Connect a single-pole, single-throw switch 

or jumper wire to terminal 03 and 2103 on 

terminal strip E403 (fig. 179) in the power 

supply as shown in figure 147. 

e. Connect the signal comparator for bench 

servicing (C, fig. 147). 

f. Test equipment connections required for 

troubleshooting, alinement, and testing pro- 

cedures are described in the appropriate para- 

graphs referenced for the desired procedure. 

g. When the signal comparator is connected 

for bench servicing the switch connected to ter- 

minals 03 and 2108 on E403 functions as 

POWER switch S602 on the indicator. If de- 

sired a jumper may be used in place of the 

switch and the power controlled by turning the 

motor generator on and off. 
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309. Bench Troubleshooting Receiving Sys- 
tem Components in Signal Comparator 

a. Connect the signal comparator for bench 

servicing (par. 308). 

b. Follow the procedures in steps 13 through 
24 of the receiving system step-by-step trouble- 

shooting chart (par. 279). 

310. Bench Alinement and Adjustment 

To properly aline the receiving system com- 

ponents in the signal comparator all compo- 

nents of the receiving system must be inter- 

connected and alined as a system, therefore no 

useful purpose can be accomplished by alining 
these components individually. Alinement of 

the receiving system is covered in section IV 

of this chapter. 

311. Bench Testing Signal Comparator 

To bench test the serviceability of the re- 

paired receiving circuits in the signal com- 

parator, connect the signal comparator for 

bench servicing (par. 308). 5 

a. To bench test the signal IF amplifier fol- 

low the step-by-step procedure in paragraph 

298 disregarding b(1) through (4) and adjust 

C305 for maximum amplitude between steps 

(12) and (18). 

b. To bench test the coho follow the step-by- 
step procedure in paragraph 299 disregarding 

b(1) through (8). 



CHAPTER 15 

SIGNAL COMPARING SYSTEM TROUBLESHOOTING AND REPAIR 

Section |. TROUBLESHOOTING INFORMATION 

312. Reference Data 

The signal comparing system of Radio Set 

AN/TPS-1D is closely related to the receiving 

system and the transmitting system during nor- 

mal and mti operation. Because of this rela- 

tionship, the repairman should be thoroughly 

familiar with the theory of operation discussed 

in chapter 5, Signal Comparing System. The 

following references will aid in troubleshooting 

and repair of the signal comparing system con- 

tained in Signal Comparator CM-36/TPS-1D, 

component of Radio Set AN/TPS-1D. 

Reference Data 

Br ee Signal comparing system, block dia- 

gram. 
4 2 rr Signal comparing system, complete 

schematic diagram. 

Meee Ses 9-me carrier channel, waveforms. 

Brranver bo-. 565.0 2. Signal comparing system theory. 

Pigs. 40-57... Signal comparing system, simplified 

schematic diagrams. 

1) ee Signal comparing system, controls 

and adjustments. 

Stacie. 0. 8. Normal readings on meters. 

3 (6) ha De resistance of inductive compo- 

nents. 

Par. 313 and figs. | Location of parts. 

140-145. 

to ye Signal Comparator CM-36/TPS-1D, 
main chassis, voltage and resist- 

ance measurements at tube sockets. 

Bot Signal Comparator CM-36/TPS-1D, 

delay amplifier and nondelay ampli- 

fier, voltage and resistance meas- 

urements at tube sockets. 

313. Location of Parts in Signal Comparing 
System 

The following chart lists the parts contained 
in the signal comparing system and references 

a figure showing their physical location. Parts 

contained in Pulse Delay Network MX-1207/ 

TPS-1D are called out in chapter 22. 

Reference Fig. Reference Fig. Reference Fig. 
symbol No. symbol No. symbol No 

B2350 140 C1366 143 C2327 141 

C1301 141 C1367 143 C2328 141 

C1302 141 C1368 143 C2329 141 

C1303 141 C1370 143 C2330 141 

C1304 141 C1371 143 C2331 141 

C1305 141 C1372 143 C2350 140 

C1306 141 C1374 143 C2351 140 

C1307 141 C1375 143 C2352 140 

C1308 141 C1376 143 C2360 140 

C1309 141 C1377 143 C2361 140 

C1310 141 C1378 143 C3300 145 

C1311 141 C1379 143 C3301 145 

C1312 141 C1380 143 C3302 145 

C1313 141 C1381 143 C3303 145 

C1314 141 C1382 143 C3304 145 

C1315 141 C1383 143 C3305 145 

C1316 141 C1384 143 C3306 145 

C1317 141 C1385 143 C3307 145 

C1318 141 C1386 143 C3308 145 

C1319 141 C1387 143 C3309 145 

C1320 141 C1388 143 C3310 145 

C1321 141 C2301 141 C3311 145 

C1322 141 C2302 141 CR3300 145 

C1323 141 C2303 141 CR3301 145 

C1324 141 C2304 141 CR3302 145 

C1325 141 C2305 141 E2350A 144 

C1326 141 C2306 141 E2351B 144 

C1327 141 C2307 141 E2351 140 

C1328 141 C2308 141 J302 144 

C1329 141 C2309 141 J303 144 

C1330 141 C2310 141 J304 144 

C1350 143 C2304 141 J305 144 

C1351 143 C2312 141 J306 144 

C1352 143 C2313 141 J1301 144 

C1353 142 C2314 141 J1350 144 

C1354 143 C2315 141 J2350 190 

C1355 143 C2316 141 J2351 190 

C1356 143 C2317 141 J2354 144 

C1357 143 C2318 141 HR2350 144 

C1358 143 C2319 141 HR2351 201 

C1359 143 C2320 141 K3300 144 

C1360 143 C2321 141 K3301 144 

C1361 143 C2322 141 L1301 141 

C1362 143 C2323 141 L1302 141 

C1363 143 C2324 141 L1303 141 

C1364 143 C2325 141 L1304 141 

C1365 143 C2326 141 L1305 141 



T2350 62350 

pE2S51 

C2351 ae 

C2352 B2350 
R2359 Z2350 

R2360 
R236! rence 

C1375 21300 

C3305 
RI365 3 

CARRIER GATE 
LENGTH 

W235l - 

C1367 
; 

-R3306 

W2355 MT! VIDEO GAIN 

C3301 A/B 
2235! 

C3300A/B. 

M2350 

TM1167-35-206_ 

Figure 140. Signal comparator chassis, top view. 
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GND fi 
Dx C2304 © 

sno 

Qe 0 S xvisor_\ 

AGND 
© ci3i2 

GNO O 

ci309~ 

: (Ojsno 
3 , C132! © , 

CI3i3 

= CHASSIS IFIER SUBCHASSIS NON-DELAY AMPLIFIER SUB 

bieaae ss TMIIG7—35-207 

Figure 141. 9-mc amplifiers, delay and nondelay, line drawing. 
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Reference Fig. 
symbol No. 

L1306 141 

L1307 141 

L1308 141 

L1309 141 

L1310 141 

L1311 141 

L1312 141 

L1350 143 

(O-[R3307) 

(C}HR3317 HO 

TX ey 

R3323 HO 

~~ Ly 

(} R3334 

A. SUB ASSEMBLY IN VIDEO BALANCER & AMPL CIRCUIT 

300 

Reference Fig. Reference Fig. 
symbol No. symbol No. 

L1351 143 11359 143 

L1352 143 L1360 143 

L1353 143 L1361 143 

L1354 143 L1362 143 

L1355 143 L1363 143 

L1356 143 L1364 143 

L1357 143 L1365 143 

L1358 143 L2301 141 

C3308 

R3328 

PANEL A 

E2350A 

Reference 
symbol 

L2302 

L2303 
L2304 

L2305 

L2306 

L2307 

L2308 

L2309 

B.SUB ASSEMBLY IN MTI REP RATE TRIGGER AMPL CIRCUIT — 

Fig. 
No. 

141 

141 

141 

141 

141 

141 

141 

141 

Reference Fig. Reference Fig. 
symbol No. symbo No. 

12310 141 R1306 141 

L2311 141 R1307 141 

M2350 140 R1308 141 

R1301 14] R1309 141 

R1302 141 R1310 141 

R1303 141 R1311 141 

R1304 141 R1312 141 

R1305 141 R1313 141 

(O}- RI367| « 

ame | OG 

PANEL B 
E2351A 

Figure 142. Panel A and panel B subassemblies, line drawing. 
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Reference Fig. Reference 
symbol 

Reference Fig. 
symbol oO. 

R1314 141 

R1315 141 

R1316 141 

R1317 141 

R1318 141 

~ R1319 141 

~ R1320 141 

R1321 141 

R1322 141 

R1323 141 

R1324 141 

R1325 141 

R1350 143 

R1351 143 

ADJUSTMENT 
(COARSE MTI 
BALANCE) z 

Figure 143. MTI repetition rate trigger amplifier, parts location. 

symbol No. 

R1366 143 

R1367 143 

R1368 143 

R1369 143 

R1370 143 

R1371 143 

R1372 143 

R1373 143 

R1374 143 

R1375 143 

R1376 143 

R1377 143 

R1378 143 

R1379 143 

C1358 Ci352 Ci355 

XVI350 

Ci354 

CI35i 

XVI351 

C1356 

XV1352 

C1359 

C1364 

Cli357 

XVI355 

C1376 

C1375 

CI377 

ci380 

C1378 

XVI357 

C1383 

C1384 

Cci38l 

CRI350 

E316 

JI1350 

W2356 

$2352 

$2351 

Reference 
symbol 

R1380 
R1381 
R1382 

R1383 
R1384 

R1385 
R2301 
R2302 

R2303 
R2304 

R2305 
R2306 
R2307 
R2308 

Fig. 
No. 

143 

143 

143 

143 

143 

143 

141 

141 

141 

141 

141 

141 

141 

141 

Reference 
symbol 

R2309 

R2310 
R2311 

R2312 

R2313 

R2314 

R2315 

R2316 

R2317 

R2318 

R2319 

R2320 

R2321 

R2322 

Fig. 
No. 

141 

141 

141 

141 

141 

141 

141 

141 

141 

141 

141 

141 

141 

141 

Reference 
symbol 

R2323 
R2324 
R2325 
R2326 
R2352 
R2353 
R2354 
R2356 
R2357 
R2358 
R2359 
R2360 
R2361 
R2362 

Fig. 
No. 

141 
141 
141 
141 
144 
144 
144 
144 
142 
144 
140 
140 
140 
145 

LENGTH 

TMII67-35-209 
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Reference Fig. Reference Fig. Reference 
symbol No. symbol No symbol 

R2364 145 T1301 141 XV1303 

R2618 149 T2301 141 XV1304 

R2627 149 T2350 140 XV1305 

S601 149 TP301 144 XV1306 

$2350 196 W2350 190 XV1307 

$2351 143 W2351 140 XV1350 

$2352 143 XV1301 141 XV1351 

$2355 144 XV1302 141 XV1352 

$2355 

Z235l x 

PANEL A 
E2350A 

R2358 

J1350 

302 

LEST 
SELECTOR 

é 

TP3OI J305 J303 

$2355 

Fig. 
No. 

141 

141 

141 

141 

141 

143 

143 

143 

J2301 

Reference 
symbol 

XV1353 

XV1354 

XV1355 

XV1356 

XV1357 
XV2301 

XV2302 

XV 2303 

J2354 

Fig. 
No. 

143 

143 

143 

143 

143 

141 

141 

141 

DELAY LINE 
OUTPUT 

A 

Reference 
symbol 

XV2304 

XV2305 

XV2306 

XV2307 

XV3300 
XV3301 
XV3302 

XV3303 

Fig. 
No. 

141 

141 

141 

141 

145 

145 

145 

145 

R2350 R235| R2352 R2353 R2354 R2355 R2356 

B2350 

Figure 144. Signal comparator chassis, bottom view, parts location. 

Reference Fig. 
symbol No. 

XV3304 145 

XV3305 145 

XV3306 145 

XV3307 145 

XV3308 145 

Z2350 145 

SELECTOR 
$2354 

PANEL B 
E2351A 

K3301 

,K3300 

TMI167-35-211- 

An are 

ee 

— 

ee — 



z
i
2
-
S
e
-
Z
9
I
I
W
L
 

I
€
e
e
u
 

62eeHu 

B
O
E
E
A
X
 

e
c
c
e
u
 

€
e
e
e
y
 

p
e
e
e
y
 

S
c
e
e
Y
y
 

e
e
e
e
y
 

2
e
e
e
y
 

8zecy goes) 

L£
ee
eu
 

ZOEE4N o¢ceey 

9
2
e
o
u
 

2O€€ 
AX G

O
E
S
)
 9
O
E
E
A
X
 

Z
O
e
e
Y
d
 

0
1
4
9
9
0
)
 
$3400 

‘sayfydup 
pup 

La0UD]Dq 
OaptA 

6
0
¢
€
E
9
 

O
O
0
E
E
H
 

poeta -ezeeu 

“6Igey ozecy 

G
O
E
E
A
X
 

/ 

posse. 

ceeea, 

lO
€E
Ho
d 

1o
Eg

em
 

v
O
E
E
A
X
 

JO 
9
8
S
 

N
3
3
M
1
3
9
8
)
 
BEeeHU 

O
1
€
E
d
 

L
I
€
e
y
 

ooeeua 

1eeey 

S
I
€
e
y
 

S
O
E
e
d
 

g
i
e
c
y
 

g!ieeu 

NI
V9
 

O
3
d
I
A
 

T
L
W
 

9
O
E
E
Y
 

sOeey 

z
O
e
e
o
 

"CYT 
a
4
n
b
i
y
 

oo¢eeo 

Loced 

zieeu 

gocey 

e
0
e
e
u
 

1l
0€
ed
 

O
O
E
E
A
X
K
 

W
e
e
d
 

Z
O
L
E
A
X
 

l
O
E
L
A
X
 

E
C
O
S
E
A
X
 

v
O
L
E
A
X
 

e
e
u
 

p
i
c
e
y
 

1
o
e
e
y
 

zOEeey 4g¢¢euy 

303 



314. Signal Comparing System Controls and 
Adjustments 

The charts (a and b below) list the controls 

and adjustments that are functional parts of 

the signal comparing system. They reference 

a figure that shows their location, and give 

the function of each. Figure 220 will aid the 

repairman in following the control functions 
given in the various switch positions listed in 

the chart below. 

a. Front Panel Controls and Adjustments. 

Controls and Locations 
adjustments (fig.) Function 

TEST SELECTOR 144 | Switches meter into proper 
switch $2353. circuit for adjusting the 

front panel controls using 

TEST METER M2350. 

C1) ST Be AME PYG ore eee Permits metering the noise 

LEVEL level of the signal IF 

position. amplifier. 

(2)) COHOR aoa Permits metering the output 

LEVEL amplitude of coherent os- 

position. cillator Z350. 

(3) DETGA Ye eda ade Permits metering the output 

LINE IN- amplitude of 9 mc output 

PUT posi- amplifier V1357. 

tion. 

(4) NON DELAY |-_-_-.----- Permits metering the output 

AMPL. amplitude of nondelay 

OUT posi- amplifier Z2300. 

tion. 

(6) AMPLI iy, eee Permits metering the output 

BALANCE amplitude of delay ampli- 

position. fier Z1300. 

OFF, position 3. 57, }22-2 2. Grounds both terminals of 

meter M2350. 

144 | Selects the mode of operation 

of the radar set. 

OPERATION SE- 
LECTOR switch 
$2354. 
NORMAL 

position: 

Section Aes t= re | aan Energizes Relay K3300. 

Section Bt 2: 2c lSeee see Energizes Relay K3301. 
Section Co Stat ain so. Not used. 

Section..D~. sp. sane eee Connects terminal 7 of relay 

K3301 to I.F. AMPL. 

LEVEL control. 

Section Hoe: a" |auenee a Connects terminal TS of 

mti repetition rate trigger 

amplifier subassembly to 
MTI BALANCE control 

R2356. 

304 

Controls and Location 
adjustments (fig.) Function 

Section: Hs wee | a serene Connects R3309 to AMPLI- 

TUDE BALANCE con- 

trol R2354. 

COHO position: 
Sestion Alp sicele eae Same as NORMAL position 

section A. 

Section’. Base G22] Ss aa ae Open circuit. 

Section C2204 s| 22 eae Grounds terminal NM of 

signal IF amplifier Z301. 

Section "Dis gsc: fe ee Same as NORMAL position 

section D. 

section Ei. 022 sicsewcsee Same as NORMAL position 
section E. 

pecwon 2... ck) see Same as NORMAL position 
section F. 

MTI position: 

ection A®) 26a es aaa Open circuit. 

Section; BY 2 = 3)a4 eee Open circuit. 

Section Cie, oes Same as COHO position 
section C. 

Section D2 i see) ese, Same as NORMAL position 
section D. 

Section, ada | eee Same as NORMAL position 
section E. 

Section Fak. | ee Same as NORMAL position 

section F. 

REMOTE 
position: 

Sections Aion | seeeeone Places control of relay K3300 

at SYSTEM SELECTOR 
switch S601 in the indi- 
cator unit. 

ECHOES een | Same meen Places control of relay K3301 

at SYSTEM SELECTOR 
switch S601 in the indi- 

cator unit. 

Section, Cav 2302. eee Same as COHO position 
section C. 

Section: Dei eel esses: Connects RECEIVER 
GAIN control on the indi- 

cator unit to the signal IF 

amplifier. 

Section beni ogee ae Connects MTI BALANCE 

control on the indicator 

unit to the mti repetition 

rate trigger amplifier. 

Sections Hes cles ee Connects AMPL. BAL- 

ANCE control on the 

indicator unit to the video 

balancer and amplifier 

circuits. 



b. Other Signal Comparing System Controls. 

Controls and Location 
adjustments (fig.) Function 

Slope adjustment 

capacitor C1353 
(coarse mti bal- 

ance). 

140 | Establishes the range (time 

balance) of MTI BAL- 

ANCE control R2356. 

(MTI BALANCE control 

R2618 on the indicator 

unit when OPERATION 

SELECTOR switch 82354 

is in REMOTE.) 

Carrier gate length 140 | Adjusts the prf of the radar 

Controls and Location 
adjustments (fig. Function 

Mti video gain 

R3306. 

140 | Adjusts the amplitude of 

video through the mti 

video amplifier. 

315. Signal Comparing System Fuses 

Fuses affecting the signal comparing system 
adjustment set in normal and mti : ; 
R1365. Hadertoliereraton when are listed below. Voltage and current rating, 

the set is operated with | blown-fuse indicator, circuits protected and the 
modulator TRIGGER physical location of each fuse are given. These 

switch $152 set to EX- fuses are located on Power Supply PP-674/ 
TERNAL. TPS_1D 

Rating 
eee ser ee | Blowne Location 

Fuse _ fuse Circuit protected (fig.) 
Volts Amps indicator : 

F405 250 1.6 T4054) eilamentitranstormer [235022222 eer eae ae oe ee ee ee eee 173 

F414 250 30 I 414 | Pulse delay network heater H2350, unit heater H2351_.--..._------------- 173 

F415 250 30 ATO Calne ese sie ae ee ne ee ae i ca ORIN ne nt ey St CR eee ais Le eT 173 

316. Normal Readings on Signal Comparing 
System Front Panel Meter M2350 

The following chart lists the normal readings 

obtained on TEST METER M2350 (fig. 58, 
TM11-1167-10) in the positions of TEST SE- 

LECTOR switch $2353 (fig. 58, TM11-1167- 
10) that monitor the operation of the signal 

comparing system. This chart also gives the 

function of each reading. 

TEST SELECTOR switch position Function of TEST METER 

(83) DELAY LINE INPUT- ---- Indicates the output am- 
plitude of 9-mc output 

amplifier V1357. Nor- 

mal reading is on the 

red line. 

(4) NON DELAY AMPL OUT-.-| Indicates the output am- 

plitude of the 9-me 

carrier from nondelay 

amplifier Z2300. Nor- 

mal reading is on the 

red line. 

TEST SELECTOR switch position Function of TEST METER 

(5) AMPL BALANCE..-------- Indicates the output am- 

plitude of the 9-mc 

carrier from delay am- 

plifier Z1300. Normal 

reading is on the red 

line. 

317. Signal Comparing System Test Points 
Test point TP301 (fig. 144) is provided for 

viewing the video signal supplied to the re- 

mote ppi. In order to view the video signal 

when a remote indicator is not used, a 220-ohm, 

1-watt resistor should be used to terminate 

J305. 

318. Dc Resistance of Inductive Components 
in Signal Comparing System 

The chart below lists the transformers and 

coils used in the signal comparing system with 

their location and the dc resistance of every 

winding. 
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Loca- De 
Transformer, coil or relay tion Terminals resistance 

(fig.) ohms) 

K S300 M2 re See a Leen 145° | 1-2eaee Seer e 450 

IS S301 seetee Set eee eee 1453 /(Gl=22 ee ee 450 

L1301M ks. deo eee 14h 3] Me Meath teen aol (1) 
Ty 3O0 2k es = is ae eaereais LU | eae te_coicpemernene eae 1.75 

15) ii Pee ae ge ek « bh he oe ee hs (4) 

L1304 through L1311_ _--__- LAT | Bee ene ener () 

13122 eee. eee LASS 2 eS Serer 3.9 

JOLS5O Seeeaes a ee eve 140 cee eee (*) 

L135] 3 Saeee See est L433 Rete Eee () 

Li3b 22 see See eee ee TAS ler. Ok eee 108 

L1353 through L1361_____- (ie Mh ne Seaport ids oer (1) 
13624 aa aes eS ore ae 143°. tS eee 2.2 

Section Il. 

319. General 
Two troubleshooting charts are provided to. 

enable the repairman to quickly isolate trouble 

in the signal comparing system in a logical 

sequence. | 

a. Before using the signal comparing system 

troubleshooting charts, the repairman should 

definitely establish that the trouble is in the 

signal comparing system. If any doubt exists, 

proceed to the troubleshooting chart based on 

starting procedure (par. 210). 

b. Troubles that have been isolated to the 

signal comparing system may be evidenced by 

an improper reading on TEST METER M2350 

when OPERATION SELECTOR switch 82354 

and TEST SELECTOR switch 82353 are set 

in the positions indicated in the TEST IN- 

STRUCTIONS on the front panel of Signal 

Comparator CM-36/TPS-1D. 

c. Troubles may exist in the video, ampli- 
tude balance or time balancing circuits when 

all meter readings are normal. 

d. Using the symptom troubleshooting chart 

(par. 322), locate under the Symptom column 

Test equipment 

Transformer, coil or relay 

L2302 through L2305_ -_-__- 

L2306 through L2309 

1 Less than one. 

TROUBLESHOOTING CHARTS 

Terminals 

Primary222ee= 

Secondary - __- 

De 
resistance 
(ohms) 

(*) 
@ 
(*) 
i 
4 

the conditions existing in the signal comparing 

system. Follow the instructions given in the 

Corrective measures column provided with each 

symptom. 

e. If the trouble cannot be located, use the 
symptom troubleshooting chart to determine in 

which section(s) the trouble exists and proceed 

to the step-by-step troubleshooting chart(s) 

listed below. 

(1) Nondelay amplifier step-by-step trou- 

bleshooting chart (par. 323). 

(2) Delay amplifier step-by-step trouble- 

shooting chart (par. 324). 
(8) Mti repetition rate trigger amplifier 

troubleshooting step-by-step 

(par. 325). 

(4) Video balancer and amplifier step-by- 

step troubleshooting chart (par. 326). 

chart 

320. Test Equipment Required to Trouble- 
shoot Signal Comparing System 

The following items of test equipment are 

required to troubleshoot the signal comparing 

system: 

Common name 

Electron ‘Tube’Test' Set TV47BY/UL IU. ee eee 

Electronic Multimeter TS-505C/U____._ 22... sees. 

Multimeter. TS-352B/U, or MH=77/U. 2-2. 

Oscilloscope AN /USM-24C, or AN/USM-—50 

Pulse Generator AN /UPM-15 

Signal Generator e402) Ute tee nie eee ee, en ae 

Tube Socket Adapter Kit MX~—1258/U 

Pilise- Senerator ne ac: tas oo 

Sweep frequency generator 

Tube socket adapter kit 

Note. Additional test equipment consists of special test leads (fig. 136) and bias power supply (fig. 146). 
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|FIBER, 
IBAKELITE OR 
{WOOD SIZED 
| OR 
CONVENIENT 

LCOMPONENT MO 

ALIGATOR 
A. PRACTICAL WIRING DIAGRAM SLIFS 

SPST 

B. SCHEMATIC DIAGRAM TMII67-35-219 

Figure 146. Bias power supply. 

321. Preparation of Signal Comparing Sys- 
tem for Troubleshooting 

a. The signal comparing system is depend- 

ent upon Power Supply PP-674/TPS-1D for 

all operating voltages; therefore, the cable from 

the power supply (W7) to J301 must be con- 

nected during troubleshooting. All other ex- 

ternal cables may be disconnected when trou- 

bleshooting. 

b. Mercury delay line W2350 is mounted on 

the bottom of the signal comparator housing. 
When removing the signal comparator chassis 

completely, care must be taken not to place 

strain on the cables to the mercury delay line. 

c. The procedure for removing Signal Com- 

parator CM-36/TPS-1D: 

(1) Disconnect all cables to the signal 

comparator. 

(2) Loosen the eight captive screws 

around the unit and pull the chassis 

out to its stops. 

(3) Place the two stop arms perpendicular 

to the sides of the chassis so as to dis- 

able the stops. 

(4) Move the unit out sufficiently to dis- 

connect the cables to the mercury 

delay line. 

(5) Position the unit for troubleshooting 

close to its housing and reconnect the 

cables to the mercury delay line. 

(6) Should it be necessary to remove the 

delay line, follow the procedure given 

in paragraph 459. 

(7) Connect plug P301 of power cable W7 

to J301. 

322. Signal Comparing System Symptom Troubleshooting Chart 

Symptom Probable cause 

1. Unable to obtain red-line read- 

ing on meter M2350 when 

adjusting DELAY LINE 

INPUT R2352. 

wiring. 

Faulty meter and/or associated 

circuits, switch contacts and 

Corrective measures 

a. Place TEST SELECTOR switch $2353 in position 
(4) NONDELAY AMPL. OUT. Adjust NON DE- 

LAY AMPL. OUT control R2353 for red-line 

reading. 

(1) If red-line reading is obtained in position (4): 

(a) Check switch contacts and wiring for position 

(3) DELAY LINE INPUT. 
(b) Check meter. rectifier CR1350, coupling 

circuits C1381, R1379, coils L1363, L1365, 

voltage dividers R1381, R1382, and filters 

C1385, R1383. 

(2) If red-line reading is not obtained proceed to b 

below. 

Absence of 9-me carrier signal__| b. Substitute tubes for 9-mce carrier oscillator V1355, 
9-mec amplifier V1356, and 9-mc amplifier output 

V.1357. 
c. Make voltage and resistance measurements of V1355, 

V1356 and V1357. 

307 



Symptom 

2. Unable to obtain red-line read- 

ing on meter M2350 when 

adjusting NONDELAY 

AMPL. OUT control R2353. 

3. Unable to obtain red-line read- 

ing on TEST METER 

M2350 when _ adjusting 

AMPL. BALANCE control 

R2354. 

4, Video weak or absent in NOR- 

MAL and MTI operation. 

5. NORMAL video weak or 

absent. 
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Probable cause 

Faulty meter and/or associated 

circuits, switch contacts and 

wiring. 

Absence of 9-me carrier signal, | 5. 
faulty nondelay amplifier 

22300. 

Faulty meter and/or associated | a. 

circuits, switch contacts and 

wiring. 

Faulty delay amplifier Z1300____| 6. 

& 

Low +150v supply--_-..----_-- d. 
Faulty de amplifier V3301_-____- e: 

Absence of 9-me carrier signal___| f. 

Excessive attenuation of the | g. 

mercury delay line W2350. 

Inoperative video cathode fol- 

lower V3307. 

Inoperative normal video limiter | a. 

V3306. 
Faulty video relay K3300- - --_- b. 

Corrective measures 

a. Place TEST SELECTOR switch 82353 in position 

(5) AMPL. BALANCE, adjust AMPL. BAL- 
ANCE control R2354 for red-line reading. 

(1) If red-line reading is obtained— 

(a) Check switch contacts and wiring circuit for 

position (4) NONDELAY AMPL. OUT. 
(b) Check cable from junction of R1385 and 

R1380 to P2301. 
(2) If red-line reading is not obtained proceed to b 

below. 
Check for red-line reading with switch in position (3) 

DELAY LINE INPUT while adjusting DELAY 
LINE INPUT R2352. 

(1) If red-line reading is obtained, return TEST 

SELECTOR switch to (4) NONDELAY AMPL. 
OUT, adjust NONDELAY AMPL. OUT control 
R2353 34 ew, substitute tubes in nondelay 

amplifier Z2300 subchassis while observing TEST 

METER. Return original tubes if no improve- 

ment is seen. 

(2) Make voltage and resistance measurements of 

V2301 through V2306 (fig. 218). 

If red-line reading is not obtained, refer to b and c 
under symptom 1. 

Check meter by determining whether or not it reads 
in other positions of TEST SELECTOR 82353. 

(1) If normal, proceed to b below. 
(2) If abnormal, troubleshoot the metering circuit 

affecting the AMPL. BALANCE meter reading. 

While observing test meter, substitute tubes in delay 
amplifier Z1300 and adjust AMPL. BALANCE 

R2354 34 ew. Return original tubes if no improve- 

ment is seen. 

Make voltage and resistance measurements at tube 

bases for V1301 through V1306 (fig. 218). 

Check +150v supply. 

Check V3300, V3301, V3303, make voltage and 
resistance measurements at tube bases (fig. 217). 

Refer to b and c under symptom 1. 

Substitute mercury delay line test unit Z2350 for 

mercury delay line W2350. Adjust AMPL. 
BALANCE control R2354 for red-line reading. 

(1) If red-line reading is not obtained check P/J1350, 

P/J2350, P/J2351, P/J1301. 
(2) If red-line reading is obtained— 

(a) Check delay line attenuation (par. 340). 

(b) Refer to procedure on mercury delay line 

disassembly and replacement (pars. 458-461). 

Check V3307, make voltage and resistance measure- 

ments at tube base (fig. 217). 

Check V3306, make voltage and resistance measure- 

ments at tube base (fig. 217). 

Check relay K3300. 
(1) OPERATION SELECTOR switch 82354 in 

MTI, relay not energized, cathode of V3305 

grounded. 
(2) OPERATION SELECTOR switch $2354 in 

NORMAL relay energized, cathode of V3306 

grounded through contacts 6 and 8 of relay 

K3301. 



Symptom Probable cause 

6. MTI video weak or absent__--| Inoperative video amplifier 
V3303. 

Inoperative video polarizer 
V3304. 

Faulty rectifier CR3300 and/or 

CR3301. 

7. Unable to obtain MTI BAL- 
ANCE (time balance) when 

adjusting R2356. 

Insufficient or absence of modu- 

lation of 9-me carrier oscillator. 

Trigger switch S152 (on modu- 

lator) set to INTERNAL. 

Carrier gate length control 

R1356 improperly adjusted. 

Erratic operation of carrier 

gate multivibrator 144 V1353 
and V1354. 

Corrective measures 

. Check V3303, make voltage and resistance measure- 
ment at tube base (fig. 217). 

Check V3304, make voltage and resistance measure- 

ment at tube base (fig. 217). 

Check CR3300 and CR3301. 

. Check V1355, make voltage and resistance measure- 

ments at tube base (fig. 217). 

Refer to chapter 14, troubleshooting charts for the 

receiving system. 

. Place switch S152 in EXTERNAL, adjust MTI 

BALANCE control R2356. 

. Follow procedure outlined in paragraph 332 for 
carrier gate length adjustment. 

Check V1353 and V1354, make voltage and re- 

sistance measurements at tube bases (fig. 217). 

323. Nondelay Amplifier Subchassis Z2300 Step-by-Step Troubleshooting Chart 

Test point 

1: | Terminal C of 

Z2300 to 

ground. 

2. | Terminal UC of 

Z2300 to 

ground. 

3. | Terminal F of 

Z2300 to 

ground. 

4. | Pin 5 of V2301 

through trav- 

eling detector, 

using tube 

socket adapter. 
5. | Pin 1 of V2302 

through travel- 

ing detector, 

using tube 
socket adapter. 

6. | Pin 1 of V2303 

through travel- 

ing detector, us- 

ing tube socket 

adapter. 

7. | Pin 1 of V2304 

through travel- 

ing detector, 

using tube 

socket adapter. 

Test equipment 

Multimeter set to meas- 

ure +150 v. 

Multimeter set to meas- 

ure —150 v. Decrease 

scale to obtain normal 

indication. 

Multimeter set to meas- 

ure 6.3 v ac. 

Sweep generator alined, 

using procedure given 

in par. 295b. Rf output 

applied to J2301, short 

across R2302. 

Same as step 4______---- 

Same as step 4____------ 

Same as step 4____------ 

Signal comparator controls 
and switches - 

OPERATION SELEC- 
TOR switch in NOR- 
MAL TEST SELEC- 
TOR switch in OFF. 

Same as step 1_________- 

Same as step 1.2 J. .).2-- 

Same as step 1 and NON- 

DELAY AMPL. OUT 
R2353 fully ew. 

Normal indications 

Approximately 

0 db gain ata 

point between 

8 and 9 me. 

Approximately 

7 db gain ata 

point between 

8 and 9 me. 

Approximately 

25 db gain at 

a point be- 

tween 8 and 9 

mc. 
Approximately 

43 db gain at 

a point be- 

tween 8 and 9 

me. 

Corrective measures 

Troubleshoot wiring to 

terminal C of Z2351, 

Z2351 and wiring to de 

power supply. 

Troubleshoot wiring to D 

of Z2351, Z2351, and 

wiring to dc power 

supply. 

Check for 115 v ac be- 

tween A and B of 

Z2351. Check transfor- 

mer T2350. 

Check V2301, R2301, 

R2303, 'L2311,.° and 

C2301. 

Check V2301. Make volt- 

age and resistance meas- 

urements at tube base 

(fig. 218). 

Check V2302. Make volt- 

age and resistance meas- 

urements at tube base . 

(fig. 218). 

Check V2303. Make volt- 

age and resistance meas- 

urements at tube base 

(fig. 218). 
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Step Test point Test equipment 

8. | Pin 1 of V2305 | Same as step 4_________- 

through travel- 

ing detector, 

using tube 

socket adapter. 

9. | Pin 5 of V2305 | Same as step 4_________- 

through travel- 

ing detector, 

using tube 

socket adapter. 

10. 
and R3302 us- 

ing special test 

lead (fig. 136). 

11. | Same as step 10. 

324. Delay Amplifier Z1300 Step-by-Step 

Junction of R3301| Same as step 4_______--- 

Same as step 4 with short 

across R2302 removed. 

Troubleshooting Chart 

When performing steps 4 through 9, remove 

nondelay detector V2306 and apply a +8-volt 

bias voltage using bias power supply (fig. 146) 

or fabricate as follows: Across a 414-volt bat- 

Step Test point 

Signal comparator controls Normal indications 
and switches 

Approximately 

55 db gain at 

a point be- 

tween 8 and 9 

me. 
Approximately 

81 db gain at 

a point be- 

tween 8 and 9 

me. 
Approximately 

74 db gain at 

a point be- 

tween 8 and 9 

me. 
Approximately 

45 db gain at 

a point be- 

tween 8 and 9 

me. 

Same as step 4_______--- 

ometer. 

Corrective measures 

Check V2304. Make volt- 

age and resistance meas- 

urements at tube base 

(fig. 218). 

Check V2305. Make volt- 

age and resistance meas- 

urements at tube base 

(fig. 218). 

Check V2306, T2301, 

C2327, C2328, R2326 

and R2301. 

Check R2302 and R2303. 

tery (BA-31) place 2,500 ohms to 5K potenti- 
Ground the negative terminal of the 

battery to the signal comparator chassis and 

Maintain this voltage for 

wire the wiper arm of the potentiometer to the 

ungrounded terminal of C3301B. Using a 

multimeter, adjust the wiper arm for +8 volts. 

steps 4 through 9. 

Test equipment Signal comparator controls Normal indications 
and switches 

Corrective measures 

1. | Terminal C of 

Z1300 to 

ground. 

7. Terminal F of 

Z1300 to 

ground. 

3. | Terminal WC of 

Z1300 to 

ground. 

4. | Pin 5 of V1301 

through travel- 

ing detector us- 

ing tube socket 

adapter. 

5. | Pin 1 of V1302 

through travel- 

ing detector us- 

ing tube socket 

adapter. 
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Multimeter set to meas- 

ure +150 v. 

Multimeter set to meas- 

ure 6.3v ac. 

Vtvm set to center scale 

to measure —150 v to 

+3 v. 

Sweep frequency gener- 

ator alined, using pro- 

cedure given in para- 

graph 295d. RF output 

applied to J1301. 

Same as step 4_________- 

OPERATION SELEC- |} +150 v______-- 
TOR switch in NOR- 
MAL, TEST SELEC- 
TOR switch OFF. 

Same as step 1_______--- G8. ROd optic. 3. 

Same as step 1 and ro- | —150 v to +3 v. 

tate AMPLITUDE 
BALANCE control 

R2354 through entire 

range. 
Same as step 1______---- Approximately 

0 db gain ata 

point between 

8 and 9 me. 

Same as step 1_________- Approximately 

7 db gain ata 

point between 

8 and 9 me. 

Troubleshoot wiring to 

terminal C of Z2351 

and/or de power supply 
(ch. 18). 

Check for 115 v ac be- 

tween A and B of 

Z2351. Troubleshoot 

transformer T2350. 

Check for —150 v at D of © 

Z2351 and at C3301 

after removing V3302. 

Check V1301, 11301, 

L1302, R1302 and 

R1301. 

Check V1301, make volt- 
age and resistance meas- 

urements at tube base 

(fig. 218). 
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Step 

‘E 

8. 

9. 

3. 

4, 

5. 

Test point 

Pin 1 of V1303, 
through travel- 

ing detector us- 

ing tube socket 

adapter. 

Pin 1 of V1304 
through travel- 

ing detector us- 

ing tube socket 

adapter. 

Pin 1 of V1305 
through travel- 

ing detector us- 

ing tube socket 

adapter. 

Junction of WV 
of Z1300 and 

R2357 using 

special test lead 

shown in figure 

136. 

Test equipment 

Same as step 4__________ 

Same as step 4__________ 

Same as step 4__________ 

Same as step 4__________ 

Signal comparator controls 
and switches 

Normal indications Corrective measures 

Check V1302, make volt- 

age and resistance meas- 

urements at tube base 

Approximately 

27 db gain at 

a point be- 

tween 8 and 9 (fig. 218). 

me. 
Approximately | Check V1303, make volt- 

49 db gain at 

a point be- 

age and resistance meas- 

urements at tube base 

tween 8 and 9 (fig. 218). 

me. 
Approximately | Check V1304, make volt- 

60 db gain at 

a point be- 

age and resistance meas- 

urements at tube base 

tween 8 and 9 (fig. 218). 

me. 

Approximately | Check V1305, V1306, T- 

77 db gain at 

a point be- 

tween 8 and 9 

me. 

1301, L1312, C1326, C- 

1327 and‘ R2357. Make 

voltage and resistance 

measurements at tube 

bases (fig. 218). 

Mti Repetition Rate Trigger Amplifier Step-by-Step Troubleshooting Chart 

Test point 

Terminal C of mti 

repetition rate 
trigger ampli- 

fier subassem- 

bly to ground. 

Terminal F of mti 

repetition rate 

trigger ampli- 

fier subassem- 

bly to ground. 

Pin 1 of V1350 

with V1350 re- 

moved using 

10:1 attenuator 

probe. 

Pin 5 of V1350 

through 10:1 

attenuator 

probe. 

Pin 5 of V1351 

through 10:1 

attenuator 

probe. 

Test equipment Signal comparator controls 
and switches 

Normal indications Corrective measures 

Multimeter set to meas- 

ure +150 v. 

Multimeter set to meas- 

ure 6.3 v ac. 

Oscilloscope, set for hor 

sweep of 2,500 usec 

per in., vert sensitivity 

15 v per in. 

Oscilloscope, set for hor 

sweep of 2,500 usec per 

in., vert sensitivity of 

150 v per inch. 

Same as step 4_________- 

OPERATION SELEC- 

TOR switch in NOR- 

MAL, TEST SELEC- 

TOR switch in OFF. 

Samevas step Lei iooeet on 

Same as step 1 and DE- 

LAY LINE INPUT 

R2352 fully cew. 

Same as step 3___.__.--- 

Troubleshoot wiring to C 

of Z2351, Z2351, and 

connections to de power 

supply. 

Troubleshoot wiring to 

T2350. Check 12350 

between terminals 1 and 

2 for 115 v ac, termi- 

nals 3 and 4 for 6.3 v 

ac. Troubleshoot ac dis- 

tribution. 

Check for waveform A. 

Check cable from delay 

amplifier. Troubleshoot 

delay amplifier (par. 
324). 

Check for waveform B. 

Make voltage and re- 

sistance measurements 

at tube base of V1350 

(fig. 217). 

Check for waveform G. 

Make voltage and re- 

sistance measurements 

at tube base of V1351 

(fig. 217). 

Osfhen2Zi4e & 

D> figg214eaeale 

Biv, PAE 
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Step Test point Test equipment Signal comparator controls Normal indications Corrective measures 
and switches 

6. | Pin 6 of V1354 | Oscilloscope, set for hor | Same as step 3___------- J, fig 214.8452 Check V1353 and V1354. 

through 10:1 sweep of 2,500 usec per Make voltage and re- 

attenuator in. and vert sensitivity sistance measurements 

probe. of 50 v per in. at tube bases (fig. 217). 
7. | Junction of R1360| Oscilloscope, set for hor | Same as step 3_--------- OvGg. 2143.cn2 2 Check C1363, C1362, L 

and C1362 sweep of 2,500 usec per 1352, R1358 and R- 

through 10:1 in. and vert sensitivity 1360. Make voltage and 
attenuator of 150 v per in. Delay resistance measure- 

probe. in (sweep speed multi- ments at bases of V1352 

plied 10 times). and V1353 (fig. 217). 

8. | Pin 5 of V1352 | Same as step 4______-_-_-- Same as step 3________-- Q; fig. 2i4sse Check V1352. Make volt- 
through 10:1 age and resistance meas- 

attenuator urements at tube base 
probe. (fig. 217). 

9. | Pin 2 of V1352 | Same as step 6_________- Same as step 3____------ Tie. 214 2ou eb Check C1358 and R1357. 
through 10:1 

attenuator 

probe. 

10. | J302 through 10:1} Same as step 6____------ Same as step 3____-_---- §, figr2i¢eoe- 2. Check C1360 and cable 

attenuator to J302. 
probe. 

11. | Pin 5 of V1355 | Oscilloscope, set for hor | Same as step 3______--_-- U, fel 2i4e ee Check V1355. Make volt- 

through 10:1 sweep of 2,500 usec per age and resistance meas- 

attenuator in. and vert sensitivity urements at tube base 

probe. of 5 v per in. (fig. 217). 

12. | Pin 5 of V1356 | Same as step 11_____-___- Same as step 3____------ WW fige cide ae Check V1356. Check for 

through 10:1 waveform V. Make 

attenuator voltage and resistance 

probe. measurements at tube 

base (fig. 217). 
13. | Pin 5 of V1357 | Same as step 6_____---_-- Same as step 3______---- Xafigs 214: 225: Check V1357. Make volt- 

through 10:1 

attenuator 

probe. 

326. Video Balancer and Amplifier Step-by- 
Step Troubleshooting Chart 

In steps 5 through 12 the pulse generator 

age and resistance meas- 

urements at tube base 

(fig. 217). 

tor control settings and connections, as well as 

procedures for the pulse generator and oscillo- 

scope adjustments are given in a, b, and ec fol- 

lowing this chart. and oscilloscope are used. Initial pulse genera- 

Step. Test point Test equipment Signal comparator controls Normal indications Corrective measures 
and switches 

1. | Pin 8 of V3307 or | Multimeter set to meas- | OPERATION SELEC- | +150 v_____-_-_- Check wiring to C of 

V3308 to ure +150 v. TOR switch in MTI, 22351, Z2351, and wir- 

ground using TEST SELECTOR ing to de power supply. 

tube socket switch OFF, mti video 

adapter. gain R3306 fully ew. 
2. | Pin 2, 4, or 7 of | Multimeter set to meas- | Same as step 1_________- — 748 Ve 2s Check R3314, wiring to D 

V3302, with ure —150 v. of Z2351, Z2351, and 

V3302 removed, wiring to de power — 

to ground. supply. 

3. | Terminal 2 of Re-| Multimeter set to meas- | Same as step 1_________- ae Lh, PO eet oe Check relay K3300 (450 
lay K3300 to ure +27 v. ohms), wiring to E of 

ground. Z2351, and 2Z2351. 

Troubleshoot 27 v power 

supply (par. 211). 



Step 

10. 

1. 

12. 

13. 

Test point 

Terminal 2 of re- 

lay K3301 to 

ground. 

Pin 5 of V3303 
to vertical in- 

put of oscillo- 

scope direct. 

Pin 1 of V3304 to 

vert input of 
oscilloscope 

direct. 
Pin 5 of V3304 to 

vert input of 

oscilloscope 

direct. 

Pin 2 or 7 of V- 

3304 to vert in- 

put of oscillo- 

scope direct. 
Pin 1 of V3305 to 

vert input of 

oscilloscope 

direct. 

Pin 5 of V3305 to 

vert input of 

oscilloscope 

direct. 

Same as step 10-- 

Pin 5 of V3307 to 

vert input of 

oscilloscope 

direct. 
J303 to vert in- 

put of oscillo- 

scope direct. 

Test equipment 

Same as step 3__-------- 

Pulse generator to pin 1 

of V3301. Pulse gener- 

ator set using adjust- 

ment and_ procedure 

given in subparagraph 

a and b. 

Same as step 5_-__-_----- 

Same as step 5__-------- 

Same as step 5_.-------- 

Same as step 5__-------- 

Same as step 5___------- 

Same as step 5 with | Same as step 1 

coarse attenuation set 

to .01 (.85 v input 

pulse). 

Same as step 5_--------- 

Same as step 5---------- 

Signal comparator controls 
and switches 

Same as step 1 

Same as step 1 

Same as step 1 

Same as step 1 

Same as step 1 

Same as step 1 

Same as step 1 

Same as step 1 

Same as step 1 

Normal indications 

Positive pulse of 

approximately 

1.1 v_ meas- 

ured using pro- 

cedure given 

in subpara- 

graph c. 

Same as step 5-_- 

Negative pulse 

of approxi- 

mately 1.1 v 

measured, 

using proce- 

dure given in 

subparagraph 

c 
Same as step 5-- 

Negative pulse 

of approxi- 

mately .36 v 

measured 

using proce- 

dure given in 

subparagraph 

c 
Positive pulse of 

approximately 

12 v measured 

using proce- 

dure given in 

subparagraph 

oe 
Positive pulse 

of approxi- 

mately 20 v 

measured 

using proce- 

dure given in 

subparagraph 

c 
Positive pulse of 

approximately 

2 Vv. 

Positive pulse of 

approximately 

1 Vi 

Corrective measures 

Check relay K3301 (450 
ohms), wiring to E of 

22351, and 22351. 

Troubleshoot 27 v power 

supply (par. 211). 

Check V3303. Make volt- 

age and resistance meas- 

urements at tube base 

(fig. 217). 

Check V3304, C3302 and 

R3316. 

Check V3304, make volt- 

age and resistance meas- 

urements at tube base 

(fig. 217). 

Check V3304, R3318 and 

C3304. 

Check C3301, C3303, CR- 
3300, R3320, R3321 and 
V3305. 

Check V3305, make volt- 

age and resistance meas- 

urements at tube base 

(fig. 217). 

Check CR3302. 

Check V3307, make volt- . 

age and resistance meas- 

urements at tube base 

(fig. 217). 

Check V3307, J303 and 

R337. 
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Test equipment Signal comparator controls 
and switches 

Normal indications Corrective measures 

14. | TP301 to vert | Same as step 5. Connect | Same as step 1_________- Positive pulse of} Check V3308, J305, and 
input of oscillo-| cable from J303 to J- approximately TP301 to pin 5 of 

scope direct. 315. (Places R3337 in 75 Vv. V3308. 

cathode circuit of V- 

3308.) Remove V3307. 

15. | Vtvm applied Bias power supply, figure | Same as step 1______-_-_-_- Approximately | Check V3301, V3302, V- 
across C3301B 

to measure 0 v 

to —20 v. (40 

v range set to 

midscale. ) 

AMPLITUDE 

BALANCE 

control set to 

—10 v across 

C3301B with- 

out bias supply 

connected. 

219. Set for +.05 v 

switched to —.05 v 

during test. 

a. Pulse generator initial control settings 

and connections for checking the mti video 

amplifiers and the normal video amplifiers are 
given below. 

Pulse generator control Initial setting 

Sync—out (switch) -_| Switch set to B. 
Syne:(jack) 235.2 -m From syne output of pulse generator 

through coax cable connector to 

syne input of oscilloscope. 

Delay (switch) - _-__- Long. 

Delay (dial)________- Adjusted for convenient waveform 

viewing on oscilloscope. 

Pulse No. 2 (switch) __| Out. 

Separation______.__- Not used. 

Width (switch) ______ Nar. 

Wiidthy(dial)= as een 5 (dot between 4 and 6). 

Polarity (switch) ____| Neg. 

Coarse attenuation_-_| .01. 

Fine attenuation_____ Used when calibrating input pulse 

voltage. 

Outputs. see. eer Coax cable to input of circuits under 

test. 

Rise time (dial) __---- Set at midpoint. 

Bigs Somer er ae sees Not used. 

Pulse-rate-... 22-22. .4 on scale B. 

b. The input pulse to pin 1 of V3303 is to be 
set to .035 v calibrated with the oscilloscope in 
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15 v change 3300. Make voltage and 

when bias resistance measure- 

power supply ments at tube bases 

is switched (fig. 217). 

from +.05 v 

to —.05 v. 

the following manner: Remove delay amplifier 
detector V1306 and nondelay amplifier detector 

V2306. Place the output of the pulse genera- 

tor and the vertical input of the oscilloscope 

together at pin 1 of V3303. Using the voltage 

calibrator on the oscilloscope, calibrate the ver- 
tical sensitivity of the oscilloscope for .35 volt 
per inch. Place the coarse attenuation switch 

on the pulse generator to .01 and adjust the 

pulse amplitude using the fine attenuation dial 

for 1-inch pulse amplitude. Place polarity 

switch to positive. A positive pulse of the 
same amplitude should appear. Return polar- 

ity switch to negative. Place coarse attenua- 

tion switch to .001 position. The input pulse 
amplitude is now .035 volt. 

c. To measure oscilloscope input signal volt- 

age, proceed as follows: Adjust the vertical 

gain and V multiplier for 1-inch vertical de- 

flection produced by the signal. Remove signal 

input to the oscilloscope. Place calibration 
switch to ON and adjust the calibration dial 

for l-inch calibration voltage. Multiply the 

calibration dial reading by the vertical multi- 

plier switch setting. This is the input signal 

voltage. 



Section Ill. 

327. General 

The delay amplifier and nondelay amplifier 

are placed on subchassis which may be re- 

moved entirely. The mti repetition rate trig- 
ger amplifier and video balancer and amplifier 
are mounted on the main chassis with the 

major number of their components mounted on 

removable fiberboard subassemblies. 

a. Should it be necessary to remove a sub- 

chassis, proceed as follows: 

(1) Nondelay amplifier 22300. 

(a) Disconnect P22301 from J2301. 

(b) Remove underside cover and the 

screws that hold the subchassis to 

the main chassis. 

(c) Unsolder terminals C, UV, UM, UG 
and F (label leads if labels do not 

already exist). 

(2) Delay amplifier 271300. 

(a) Disconnect P1301 from J1301. 

(b) Remove underside cover, remove 

the screws that hold subchassis to 

main chassis. 

(c) Unsolder terminals C, WT, WV, 

WM, WC and F (label leads if 

labels do not already exist). 

REMOVAL AND REPLACEMENT OF PARTS 

b. Should it be necessary to remove a sub- 

assembly associated with the mti repetition 

rate trigger amplifier or video balancer and 

amplifier, remove the mounting insulators and 

screws. Label and unsolder all leads to the 

subassembly being removed. 

c. When removing and replacing compo- 

nents from a subchassis, take extreme care not 

to disrupt other nearby components. Obtain 

identical components for replacement and 
maintain, as. near as possible, the same position 

and lead length of the original component. 

Although the components on the main chassis 
and subassemblies are somewhat more acces- 

sible, the same considerations must be given 

when component replacement is necessary. 

328. Removal and Replacement of 
Mercury Delay Network 

Normally the mercury delay network may 

remain in the signal comparator case and be 

reconnected after the signal comparator has 
been removed for troubleshooting. Should it 

be necessary to remove the mercury delay net- 

work for bench servicing, refer to the proce- 

dure given in paragraph 459. Paragraphs 458 

through 461 give the complete disassembly and 

reassembly instructions for the mercury delay 

line. 

Section IV. ADJUSTMENT AND ALINEMENT 

329. General 

Although the frequency determining compo- 

nents in the signal comparing system are fixed- 

tuned, some small amount of tuning may be 

accomplished by substituting tubes and reposi- 
tioning components. Subparagraph a below 
lists the references for checking the 9-mc am- 

plifiers. Subparagraph c lists the references 

for other adjustments in the signal comparing 

system. 

a. Bandwidth, center frequency, gain and 
attenuation checks of the 9-mc signal ampli- 

fiers are given in the paragraphs referenced 

below. 

(1) Checking the bandwidth, center fre- 

quency and gain of the mti repetition 

rate trigger amplifier, 9-mc amplifiers 

(par. 337). 

(2) Checking the bandwidth, center fre- 
quency and gain of nondelay amplifier 

Z2300 (par. 338). 

(3) Checking the bandwidth, center fre- 

quency and gain of delay amplifier 

Z1300 (par. 339). 

(4) Checking the attenuation of mercury 

delay line W2350 (par. 340). 

b. The front panel controls and sequence of 
adjustment are provided in the TEST IN- 

STRUCTIONS on the signal comparator front 

panel, which appears as follows: 

TEST INSTRUCTIONS 

ROTATE TEST SELECTOR CONSECU- 
TIVELY FROM ONE TO FIVE. ADJUST 
METER TO RED LINE BY CONSECU- 
TIVELY NUMBERED CONTROLS AT 
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EACH POSITION. TURN METER OFF 
WHEN NOT IN USE. 
No. Function Operation Selector 

1. LF. AMPL. LEVEL NORMAL 

2. COHO LEVEL MTI 

3. DELAY LINE INPUT MTI 

4, NON DELAY AMPL. OUT MTI 

5. AMPL. BALANCE MTI 

c. The signal comparing system adjustments 

other than front panel adjustment that are not 

covered in the TEST INSTRUCTIONS are as 

follows: 

(1) Slope adjustment capacitor C1353, 

(par. 331). 

(2) Slope adjustment capacitor and MTI 

BALANCE check (par. 341). 

(3) Carrier gate length adjustment check 

(par. 332). | 

(4) Mti video gain control R3306 adjust- 

ment check (par. 333). 
(5) Checking amplitude balance and dc 

amplifier V3301 gain (delay amplifier 

age voltage) (par. 342). 

330. Test Equipment Required for Adjust- 
ment and Alinement of Signal Com- 
paring System 

Technical 
Common name anual Test equipment 

Oscilloscope AN/USM-— | Oscilloscope-_---- 11-5103 
24C, or AN/USM-50. 11-5129 

Multimeter TS-352B/U, | Multimeter_____- 11-5527 

or ME-77/U. 

Electronic Multimeter | Vtvm_____-_-__- 11-5511A 

TS-505C/U. 
Pulse Generator AN/ | Pulse generator___| 11-1177 

UPM-15. 
Signal Generator TS- | Sweep frequency | 11-2695 

452C/U. generator. 

Tube Socket Adapter Kit | Tube socket | Packed with 
MX-1258/U. adapter kit. equipment. 

Note. Additional test equipment consists of special test lead (fig. 

136) and bias power supply (fig. 146). 

331. Slope Adjustment Capacitor C1353 
(fig. 143) 

a. Slope adjustment capacitor C1353 is a 

factory adjusted component and should not 

need readjustment. Should adjustment of 

C1353 be needed, because of the inability to 

obtain mti balance and all indications are that 

C1353 is in need of readjustment, use the fol- 

lowing procedure. 
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b. Field adjustment of slope adjustment 
capacitor C1353 is made as follows. With the 

radar set operating in mti, place MTI BAL- 

ANCE control R2356 at midpoint. While 

observing the A-scope, adjust slope adjustment 

capacitor C1353 for minimum fixed target 

amplitude. 

332. Carrier Gate Length Adjustment R1365 
(fig. 140) 

Adjust carrier gate length adjustment 

R1365 with the components of the radar set 

interconnected. Use the A-scope as a means of 

determining the proper setting. Use an oscil- 

loscope when the signal comparing system is 

being bench tested (6 below). 

a. Carrier gate length adjustment when the 

components of the radar set are interconnected. 

(1) With OPERATION SELECTOR 

switch in NORMAL, adjust R1365_— 
for a double image on the A-scope 

(ccw rotation). Turn control R1365 

cw until the right-hand image locks in 
with the left-hand side of the indi- 

cator. 

(2) Continue cw rotation of R1365 until 

the prf of the radar set is counted 

down (prf equal to 200 pps), indi- 

cated by a sudden drop in magnetron 

current. 

(3) Set R1365 halfway between the points 

where the double image locked in and 

the prf was counted down. 

b. Carrier gate length adjustment with the 

signal comparator disconnected from the Radar 

Set. | 

(1) Remove P1350 and connect the ver- 

tical input of the oscilloscope to J1350 

with an RG-62/U cable. 

(2) Calibrate the oscilloscope for horizon- 

tal sweep speed of 2,500 usec per inch. 

(3) Adjust R1365 so that the 9-mc car- 

rier oscillator on time is 2,150 psec 
and the off time is 350 psec (Y, fig. 

214). 

333. Mti Video Gain Control R3306 
Adjustment 

a. General. This adjustment is normally 
made with the radar set in operation. The 
radar set is placed in the normal mode of oper- 

ation and the receiver gain control adjusted for 



-¥Y-inch grass (noise) level on the A-scope. 

The radar set is then placed in the mti mode 

of operation and mti video gain control R3306 

is adjusted for the same grass level. 
b. Mti Video Gain Control Check. Follow 

the procedure given in paragraph 326a for set- 

ting up the pulse generator and paragraph 

326c for pulse amplitude measurement using 

the oscilloscope. 

(1) Apply a 5-usec .035 v 400 pps pulse to 

pin 1 of V3308. Rotate R3306 fully 

cw. 
(2) Place the oscilloscope at pin 5 of 

V3303. The pulse amplitude should 

be approximately 1.1 v. 

(3) Rotate R3306 ccw. The pulse ampli- 

tude should decrease smoothly with- 

out jump or jitter. 

Section V. FIELD TESTING 

334. General 

This section lists the testing procedures re- 
quired to check the serviceability of a repaired 

signal comparing system when the components 

of the radar set are interconnected. 

a. Bench testing the signal comparing system 

components in the signal comparator is out- 

lined in paragraphs 343 through 347. 

b. Testing procedures designed to check the 

serviceability of the complete radar set are 

covered in paragraph 448. 

335. Test Equipment Required 

The following list of test equipment is re- 

quired to completely test the serviceability of 

the signal comparing system. 

Technical 
Common name eanial Test equipment 

Electron Tube Test Set | Tube tester-_-_----_- 11-5083. 

TV-7B/U. 
Electronic Multimeter | Vtvm_------------ 11-5511A. 

TS-505C/U. 
Oscilloscope AN/USM- | Oscilloscope-------- 11-5103. 

24C, or AN/USM- 11-5129. 

50. 
Pulse Generator AN/ | Pulse generator----| 11-1177. 

UPM-15. 
Signal Generator TS- | Sweep frequency | 11-2695. 

452C/U. generator. 

Tube Socket Adapter | Tube socket adapt- | Packed with 

Kit MX-1258/U. er kit. equipment. 

Note. Additional test equipment consists of special test leads (fig. 

136) and bias power supply (fig. 146). 

336. Procedure 

The following chart lists the reference para- 

graph and the adjustment and/or measure- 

ments necessary to completely test the service- 

ability of the signal comparing system. 

Reference 
Adjustment or measurement par. 

Slope adjustment capacitor C1353_ -_----------- 331 

Carrier gate length R1365-_--...----.------+----- 332 

Mti video gain control R3306- ----------------- 333 

Checking bandwidth, center frequency and gain 337 

of the mti repetition rate trigger amplifier, 

9-mc amplifiers. 
Checking bandwidth, center frequency and gain 338 

of nondelay amplifier Z2300. 
Checking bandwidth, center frequency and gain 339 

of delay amplifier Z3100. 
Checking attenuation of mercury delay network 340 

W 2350. 
Checking slope adjustment capacitor C1353 and 341 

MTI BALANCE control R2356. 

Checking amplitude balance and de amplifier 342 

V3301 (delay amplifier age voltage). 

337. Checking Bandwidth, Center Fre- 

quency, and Gain of 9-mc Carrier 

Channel 

a. Aline the sweep generator with the 5-10 

me oscillator coil installed; use the procedure 

given in paragraph 295b. 

b. Set DELAY LINE INPUT R2352 cw, 

OPERATION SELECTOR switch to NOR- 

MAL and TEST SELECTOR switch to OFF. 

c. Place 9-me amplifier V1356 in a tube 

socket adapter, remove carrier gate multivi- 

brator V1354 and disconnect J2301. 

d. Apply the RF output of the sweep gen- 

erator to pin 1 of V1356; use the special test 

lead and coax lead (figure 136). 

e. Disconnect P1350 and connect the vertical. 

input of the sweep generator oscilloscope 

through the traveling detector to J1350. 

f. Add attenuation until the amplitude of the 

response curve is 5 scale divisions, (equal to 

the vertical amplitude adjustment in a above). 

The amount of attenuation required to reduce 
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the response curve to the amplitude set in a 

above is the gain of the amplifier, which should 

be 21 +2 db. 

g. For bandwidth and center frequency 

measurements, decrease the attenuation so as 

to present a greater amplitude display. 

(1) Check for limiting by adding 3-db 

attenuation and note the decrease in 

amplitude; then add an additional 
3 db. The second decrease in ampli- 

tude should be less than the first. 
(2) Should limiting be apparent, increase 

RF attenuation, readjust the vertical 

oscilloscope control and repeat (1) 

above. 

(3) Remove the 6-db attenuation added to 

check for limiting. 

h. Add 3-db attenuation and place a hori- 

zontal line across the crt at the peak amplitude 

of the display. Remove the 3-db attenuation. 

1. With the sweep generator wavemeter, 

using band A, measure the frequency at the 

two points where the response curve passes 

through the horizontal line marked in h above, 

and measure the frequency at a point halfway 

between (center frequency). 

j. The difference in frequency of the two 
extreme readings is the bandwidth, which 

should be 1.4 +.2 me and the center frequency 

S.De-t oc: 

338. Checking Bandwidth, Center Fre- 
quency, and Gain of Nondelay Ampli- 
fier Z2300 

In a through g below the overall gain is 

measured. The input to the first amplifier is 

attenuated and some attenuation is present in 

the detected output. A stage-by-stage measure- 

ment is given in the nondelay amplifier step- 

by-step troubleshooting chart (par. 323), steps 

4 through 11. 

a. Aline the sweep generator with the 5-10- 
mc oscillator coil installed; use the procedure 

given in paragraph 295b. 

b. Place OPERATION SELECTOR switch 

in NORMAL, TEST SELECTOR switch in 

OFF, and remove delay amplifier detector 

V1306. 

c. Remove P2301 and apply the RF output 
of the sweep generator through a_ 5-foot 

RG-58/U cable to J2301. 
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d. Using the special test lead and coax lead, 

figure 136, connect the vertical input of the 

sweep generator oscilloscope to the junction 

of R3301 and R3302. 

e. Add attenuation until the amplitude of the 
waveform is 5 scale divisions (equal to the 

amplitude set in a above). The amount of 

attenuation required to reduce the response 

curve to the amplitude set in a above is the 

gain of the amplifier, which should be 42 +8 db. 

f. For bandwidth and center frequency 

measurements use procedure given in para- 

graph 337g through 7. 

g. The difference in frequency of the two 

extreme readings is the bandwidth which 

should be 1.1 +.2 me and center frequency 

8.5.3 Mc; 

h. Reconnect P2301 to J2301. 

339. Checking Bandwidth, Center Fre- 
quency, and Gain of Delay Amplifier 
Z1300 

a. Aline the sweep generator with the 5—-10- 

me oscillator coil installed; use the procedure 

given in paragraph 295b. 

b. Place OPERATION SELECTOR switch 
$2354 in NORMAL, TEST SELECTOR switch 
$2353 in OFF, remove nondelay amplifier de- 
tector V2306, de amplifier V3301, and P1301. 

c. Using the bias power supply, figure 146, 

apply a +8-volts bias across capacitor C3301B 

to ground and maintain this voltage throughout 

the delay amplifier check. 

d. Apply the RF output of the sweep gen- 

erator through a 5-foot RG—58/U cable to 

J1301. 

e. Using the special test lead and coax lead, 

figure 186, connect the junction of lead WV 

and R2357 to the vertical input of the sweep 

generator oscilloscope. 

f. Add attenuation until the amplitude of the 
response curve is 5 scale divisions (equal to the 

vertical amplitude adjustment in a above). 
The amount of attenuation required to reduce 

the oscilloscope display to the point set in a 

above is the gain of the amplifier which should 
be 75 +8 db. 

g. For bandwidth and center frequency 

measurements use the procedure given in para- 

graph 337g through 7. The difference in fre- 
quency of the two extreme readings is the 



bandwidth, which should be 1.4 +.1 mc and the 
center frequency 8.5 +.3 me. 

h. Replace V2306, reconnect P1301 to J1301 

and remove the bias power supply. 

340. Checking Attenuation of Mercury 
Delay Line W2350 

a. Aline the sweep generator with the 5-10- 
mc oscillator coil installed; use the procedure 
given in paragraph 295b. 

b. Place OPERATION SELECTOR switch 

$2354 in NORMAL; place TEST SELECTOR 

switch $2353 in OFF; remove nondelay ampli- 

fier detector V2306 and de amplifier V3301 and 

| ABO 

ec. Using the bias power supply, figure 146, 
apply a +3-volt bias across capacitor C3301B 

to ground and maintain this voltage throughout 

measurement. 

d. Apply the RF output of the sweep gen- 

erator through a 5-foot RG-58/U cable to 

J1301. 

e. Using the special test lead and coax lead, 

figure 136, connect the junction of lead WV 

and R2357 to the vertical input of the sweep 

generator oscilloscope. 

f. Attenuate the RF signal 75 to 80 db and 

adjust the oscilloscope for 5 scale divisions. 

Note the amount of attenuation used. 

g. Reconnect P1301 to J1301, remove P2350 

and apply the RF signal to J2350. 

h. Decrease the attenuation until the ampli- 

tude of the display is the same as e above. Note 

the amount of attenuation remaining. 

1. The difference between the attenuation 

noted in f and g above is the attenuation of the 

mercury delay line, which should be less than 

70 db. 

341. Checking Slope Adjustment Capacitor 
C1353, and MTI BALANCE Control 
R2356 

(figs. 143 and 144) 

a. Adjust the pulse generator for a 2-nsec, 

10-v, 400-pps pulse and apply the pulse to pin 

Section VI. 

343. General 

This section covers the bench servicing of 

the signal comparing system. A major portion 

of the receiving system is also contained on 

1 of V1350, using the special coax and test 
lead shown in figure 136. 

b. Remove V1353 and place the vertical in- 

put of the oscilloscope at pin 1 of V1353. 

c. Use the sync output jack of the pulse gen- 

erator to synchronize the oscilloscope. 

d. Adjust the oscilloscope to show one wave- 

form and a sweep speed of 10 psec per inch. 

e. Set the MTI BALANCE control R2356 

fully cew. 

f. Rotate slope adjustment capacitor C1353 

1 complete turn and note the maximum hori- 

zontal displacement on the oscilloscope. 

g. Using the time markers on the oscillo- 

scope, measure the displacement noted in f 

above. This displacement should be approxi- 

mately 4 usec. 

h. Set MTI BALANCE control R2356 fully 

cw. 

i. Repeat f above. 

j. The horizontal displacement should be ap- 

proximately 9 usec. 

342. Checking Amplitude Balance and Dc 
Amplifier V3301 Gain (Delay Amplifier 
Agc Voltage) 

a. Remove nondelay detector V2306, delay 

detector V1306 and mti video amplifier V3303. 

b. With a vtvm placed at the junction of 
R3313 and C3301B, adjust AMPL. BALANCE 

control R2354 (front panel) for a reading of 

—10 volts. 

c. Disconnect the vtvm. 

d. Place the bias power supply, figure 146, 

at the junction of R3308 and C3311. 

e. Place the vtvm across the output of the 

bias power supply and adjust for .05 volts. 

f. Remove the vtvm and reconnect to the 

junction of R3313 and C3301B. Record the 

vtvm reading. 

g. Reverse the double-pole, double-throw 

switch on the bias power supply. Record the 

vtvm reading. 

h. The voltage change for f and g above 

should be approximately 15.5 volts. 

BENCH SERVICING SIGNAL COMPARATOR 

the same chassis (Signal Comparator CM-36/ 

TPS-1D) and its operation is closely associated 

with that of the signal comparing system. 

Bench servicing of the receiving system is 
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covered in paragraphs 306 through 311. The 

following information will aid the repairman in 

bench servicing the signal comparing system. 

Information Location 

Signal Comparator CM-36/TPS- 

1D, complete schematic diagram. 

Signal comparing system, location of 
parts. 

Signal comparing system, voltage 

and resistance measurements. 

Mti repetition rate trigger amplifier 

waveforms. 

Bench power supply connections and 

power supply PP-674/TPS-1D 

dummy loads. 

Bias power supply for delay ampli- 

fier gain and alinement check and 

age test. 

Fuses protecting Signal Comparator 

CM-36/TPS-1D. 

Fig. 219. 

Figs. 140 through 145. 

Figs. 217, 218. 

Fig. 214. 

Fig. 147. 

Fig. 146. 

Par. 315. 

344. Test Equipment 

The following items of test equipment, cables 

and special test equipment are required to bench 

service the signal comparing system. 

Test equipment Common name omg 

Electron Tube Test Set TV— | Tube Tester___| 11-5083 
7B/U. 

Electronic Multimeter TS- | Vtvm___-_____- 11-5511A 

505C/U. 

Motor Generator PU-20B/C_| Motor  gener- | 11-978 

ator. 

Multimeter TS-352B/U, or | Multimeter____| 11-5527 

ME-77/U. 
Oscilloscope AN /USM-24C, | Oscilloscope____| 11-5103 

or AN/USM-50. 11-5129 

Power Supply PP-674/TPS- | Power Supply__| This manual 

1Ds 

Pulse Generator AN/UPM- | Pulse gener- | 11-1177 

15. ator. 

Signal Generator TS-— | Sweep frequen- | 11-2695 

452C/U. cy generator. 
Tube Socket Adapter Kit | Tubesocket | Packed with 

M X-1258/U. adapter kit. equipment. 

Electrical Power Cable As- | None________- 11-1250 

sembly CX-3640/U. 

Electrical Power Cable As- | None_-_-___--_- 11-1250 

sembly CX—2001/U. 

Note. Additional equipment consists of special test leads (fig. 136) 

and bias power supply (fig. 146). 
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345. Bench Servicing Connections 
Follow the directions in a through e for con- 

necting the signal comparator for bench 
servicing the signal comparing system. 

a. Disconnect all cables from the front panel 

of the unit. 

b. Loosen the eight captive screws on the 
front panel and remove the unit. 

(1) It is necessary to disable the stops to 

remove the unit completely. , 

(2) Care must be taken to avoid damag- 

ing the mercury delay line cables. 

c. Disconnect P1350, P1301 and P2354. 

(1) It should not be necessary to remove 

the mercury delay line W2350 from its 
housing unless its attenuation is ex- 

cessive. Paragraph 340 gives the at- 

tenuation check for the delay line. 

To remove the mercury delay line, 

refer to paragraph 459. 

d. Connect the dummy load resistors and 

single-pole, single-throw switch as shown in 

figure 147. The single-pole, single-throw switch 
serves as an on-off switch for the power supply. 

e. Connect the Signal Comparator CM-36/ 
TPS-1D unit to the power supply as shown in 

figure 147. When connecting more than one 

item of test equipment for a given test, plug 

(2) 

await) ae > Gc ape 

the outlet box into J409 and use the outlet box: | 
for test equipment power source. 

346. Bench Troubleshooting Signal 
Comparing System 

a. Connect Signal Comparator CM-86/TPS- 
1D to the power supply for bench servicing, 

figure 147. 

b. Use the single-pole, single-throw switch 

installed on the power supply for applying 

power to the unit. 

c. A separate step-by-step troubleshooting 
chart is furnished for each section of the signal 

comparing system: 

(1) Nondelay amplifier step-by-step trou- 

bleshooting chart (par. 323). 

(2) Delay amplifier step-by-step trouble- 

shooting chart (par. 324). 

(3) MTI repetition rate trigger amplifier 

step-by-step troubleshooting chart 

(par. 325). 

(4) Video balancer and amplifier step-by- 

step troubleshooting chart (par. 326). 
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POWER IN 
SYSTEM 

CX3640/U 

TO SIG 

MHF F-14 

CX2001/U 

SIGNAL COMPARATOR 
CM-36/TPS-ID 

POWER SUPPLY MOTOR GENERATOR 
PP-674/TPS-ID 

CABLES: W7, P/O AN/TPS-ID 
CX3640/U, CX2001/U, /; 115/230V P/O AN/MPM23 

60CPS 

POWER CONNECTIONS FOR BENCH SERVICING 
SIGNAL COMPARATOR CM-36/TPS - ID. 

7,500 OHM 
low 

6,000 OHM 

SOW 

1603 1703 

E401 

SPST SWITCH 

E403 

DUMMY LOAD CONNECTIONS USED IN POWER SUPPLY PP-674/TPS-ID FOR BENCH SERVICING 

SIGNAL COMPARATOR GM-36/TPS-ID. TMII67-35-218 

Figure 147. Signal comparing system, bench servicing connections. 

347. Bench Alinement and Adjustment of c. Follow the adjustment given in the TEST 
Signal Comparing System INSTRUCTIONS on the front panel. 

) : d. The adjustments not given in the TEST 
a. The signal comparing system may be com- INSTRUCTIONS are as follows: 

pletely alined and adjusted during bench serv- (1) MTI BALANCE (par. 341). 

pins. (2) Slope adjustment capacitor (par. 

b. Use attenuator Z2350 (fig. 140) in place 341). 

of the mercury delay line if the delay line has (3) Carrier gate length adjustment (par. 

not been removed from its housing. 332): 
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CHAPTER 16 

INDICATING SYSTEM TROUBLESHOOTING AND REPAIR 

Warning: Extremely dangerous voltages exist in Azimuth-Range Indicator IP-141/TPS-1D: 

5,000 volts are found at ppi-scope V609 and rectifier V626 and 1,500 volts are found at A-scope 

V625. 
1. Do not apply power to the set with the phenolite cover removed from the high-voltage 

power supply chassis (fig. 156). 

2. Use the test points that are provided for checking the 1,500 and 5,000 volts. 

3. Turn off the power and ground capacitors C665 through C668 with a shorting bar before 

making resistance measurements in the high-voltage power supply chassis. 

Section I. 

348. Reference Data 

The following information will be helpful 

when troubleshooting or repairing the indicat- 

ing system. 

Reference Data 

Fig 5S 228 Ae eee Indicating system, complete block 

diagram. 

Pars. 106-142______- Indicating system theory. 

Biges09-78 4202s oa Indicating system, simplified sche- 

matic diagrams, 

Fig. 224.2) 2 ae Indicating system, complete sche- 

matic diagram. 
Pars-3402 ey weaker Location of parts in indicating system. 

Figs. 148-158______- Azimuth-Range Indicator IP-141/ 

TPS-1D, location of parts and 

adjustments. 

Figs. 159 and 160____| Azimuth-Range Indicator IP-141/ 

TPS-1D, resistor and capacitor 

panels. 

Pig) 223505 Uo see Indicating system, voltage and re- 

sistance chart. 

Parco see De resistance of indicating system 

transformers, coils, and filters. 

Bipwaccen weaeeee Waveforms of ppi sweep and range 

strobe circuits. 

Bice 22a ee eee Waveforms of A-sweep and _ fixed 

marker circuits. 

Par. p51e2> 2. sages Indicating system fuses. 

349. Location of Parts in Indicating System 
a. The following is a list of indicator parts 

and the figures on which these parts can be 
located. 

b. The figures listed after test points illus- 
trate the top view of the test point. The bottom 

views of test points are called out in figure 157. 
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TROUBLESHOOTING INFORMATION 

c. Subassemblied Z607 and Z608 are com- 

posite components. Subassembly Z607 is switch 
S606 and the resistors and capacitors that are 

mounted on it. Subassembly Z608 is switch 

S609 and the resistors and capacitors are 

mounted on it. 

d. The numbers and letters (A, B, C, Z607, 

etc.) preceding a figure number indicate the 
panel or subassembly which are found on the 

figure. 

Reference Fig. Reference Fig. 
symbol No. symbol No. 

B601 152 C625 C, 159 

B602 152 C626 C, 159 

C601 156 C627 A, 159 
C602 156 C628 A, 159 
C603 153 C629 A, 159 

C604 B, 159 C630 155 

C605 155 C631 155 

C606 B, 159 C632 A, 159 
C607 B, 159 C633 A, 159 

C609 C, 159 C634 A, 159 
C610 Z607, 160 C635 A, 159 

C611 Z607, 160 C636 A, 159 

C612 7607, 160 C637 A, 159 
C613 Z607, 160 C638 A, 159 

C614 C, 159 C639 B, 159 
C615 Z607, 160 C640 B, 159 

C616 Z607, 160 C641 B, 159 

C617 Z607, 160 C642 155 

C618 2607, 160 C643 C, 159 
C619 155 C644 155 

C620 B, 159 C645 C, 159 

C621 C, 159 C646 C, 159 

C622 C, 159 C647 D, 160 
C623 155 C648 Z608, 160 

C624 B, 159 C649 Z608, 160 



Reference 
symbol 

C650 
C651 
C652 

C653 
C654 
C655 

C656 
C657 
C658 
C659 
C660 
C661 
C662 
C664 

C665 

C666 
C667 

C668 
CR601 
E601 
E602 

E604 
E617 
E618 

E628 
E629 
E630 
E631 
E632 

E633 
E634 

E635 
E638 
E639 
HR601 

I 601 
I 602 

I 603 
I 604 

1 605 
I 606 
I 607 

I 608 
I 609 
I 610 
J601 
J602 

J603 
L601 
L602 

L603 

L604 
M601 
R601 

R608 
R609 
R610 
R611 
R612 

Fig. 
No. 

7608, 160 
2.608, 160 
7608, 160 
D, 160 
2.608, 160 
7608, 160 
2608, 160 
2.608, 160 
7608, 160 
BE, 160 
E, 160 
155 
155 
149 
156 
156 
156 
156 
C, 159 
152° 
156 
150 
150 
150 
155 
155 
155 
155 
155 
155 
156 
156 
156 
158 
149 
158 
158 
158 
158 
158 
158 
158 
158 
153 
153 
153 
158 
158 
150 
158 
B, 159 
A, 159 
153 
E, 160 
149 
158 
154 
B, 159 
B, 159 

Reference 
symbol 

R613 
R614 

R615 

R616 

R617 

R618 

R619 
R620 

R621 

R622 

R623 

R624 

R625 

R626 

R627 

R628 
R629 

R630 

R631 

R632 

R633 

R634 

R635 

R636 

R637 

R638 

R639 

R640 

R641 

R642 

R643 

R644 

R645 

R646 

R647 

R648 

R649 

R650 

R651 

R652 

R653 
R654 

R655 

R656 

R657 

R658 

R659 

R660 

R661 

R662 

R663 
R664 

R665 

R666 

R667 

R668 
R669 

R670 

R671 

7607, 160 
C, 159 
C, 159 
C, 159 
C, 159 
C, 159 
C, 159 
Z607, 160 

154 
7,607, 160 
7607, 160 
2607, 160 
7607, 160 
C, 159 
C, 159 
154 
154 
154 
A, 159 
150 
158 
149 
150 
B, 159 
B, 159 
B, 159 
B, 159 
B, 159 
154 

Reference 
symbol 

R672 

R673 

R674 

R675 

R676 

R678 
R679 

R680 
R681 

R682 

R683 
R684 

R685 

R686 

R687 

R688 

R689 

R690 
R691 

R692 

R693 

R694 

R695 

R696 

R697 

R698 
R699 

R1601 

R1602 

R1603 
R1604 

R1605 

R1606 

R1607 

R1608 

R1609 

R1610 

R1611 

R1612 

R1613 
R1614 

R1615 

R1616 

R1617 
R1618 

R1619 

R1620 

R1621 
R1622 

R1623 

R1624 

R1625 

R1626 

R1627 

R1628 

R1629 

R1630 
R1632 

R1633 

A, 159 
Z607, 160 

Reference 
symbol 

R1634 

R1635 

R1636 

R1637 

R1638 

R1639 

R1640 

R1641 

R1642 

R1643 

R1644 

R1645 

R1646 

R1647 

R1648 

R1649 

R1650 

R1651 

R1652 

R1653 

R1654 

R1655 

R1656 

R1657 

R1658 

R1659 

R1660 

R1661 

R1662 

R1663 

R1664 

R1665 

- R1666 

R1667 

R1668 

R1669 

R1670 
R1671 

R1672 

R1673 
R1674 

R1675 

R1676 

R1677 

R1678 

R1679 

R1680 

R1681 

R1682 

R1683 

R1684 

R1685 

R1686 

R1687 

R1688 

R1689 

R1690 

R1691 

R1692 

Fig. 
No. 

7,608, 160 

BODES ee anaann»ann a oOoooowooo O © 

— or or © O 

QAKNANAWWWHH 
_ — on or (Yo) Ne) 

Z608, 160 
Z608, 160 
Z608, 160 
Z608, 160 
D, 160 
C, 159 
C, 159 
D, 160 
D, 160 
154 
7608, 160 
C, 159 
C, 159 
C, 159 
C, 159 
C, 159 
154 
2.608, 160 
D, 160 
D, 160 
D, 160 
D, 160 
E, 160 
E, 160 
D, 160 
D, 160 
D, 160 
154 
D, 160 
154 
D, 160 
BE, 160 
E, 160 
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Reference Fig. Reference Fig. Reference Fig. Reference 
symbol No. symbol No. symbol No. symbol 

R1693 154 R2620 A, 159 T603 155 XV611 157 

R1694 F, 160 R2621 154 T604 156 XV612 157 

R1695 F, 160 R2622 A, 159 T605 155 XV613 15% 

R1696 154 R2623 154 TP601 152 XV614 157 

R1697 D, 160 R2624 156 TP602 152 XV615 157 

R1698 D, 160 R2625 154 TP603 158 XV616 157 

R2601 154 R2626 A, 159 TP604 152 XV617 157 

R2602 D, 160 R2627 149 TP605 151 XV618 15h 

R2603 156 S601 149 TP606 151 XV619 yé 

R2604 156 $602 156 TP607 151 XV620 157 

R2605 156 $603 158 TP608 151 XV621 157 

R2606 156 S606 155 TP609 152 XV622 157 

R2607 156 S607 155 TP610 156 XV623 157 

R2608 156 S608 149 TP611 156 XV624 157 

R2609 156 S609 155 TP612 156 XV625 157 

R2610 156 S610 156 XV601 157 XV626 156 

R2611 156 S611 156 XV602 157 Z601 155 

R2612 156 $612 150 XV603 157 Z602 153 

R2613 156 $613 149 XV604 157 Z603 153 

R2614 156 S615 158 XV605 157 Z604 153 

R2615 156 S616 158 XV606 157 Z605 156 

R2616 156 S617 158 XV607 157 Z606 156 

R2617 149 $618 158 XV608 157 Z607 160 

R2618 149 T601 155 XV609 157 Z608 160 

R2619 158 T602 155 XV610 157 

5-10 MILE] [25-10 MILE] ~ 
| MARKER INT| |MARKER INT] 
RIGI7 RIG29 a 

STOBE LIM MARKER GATE STROBE INT. 

R689 RI655- (R69! a R685 

aS Ball Samer anim 

HORIZ CENTER| [VERT CENTER]. \ [PPI CENTERING 
RIG87 R2601 “R6IO R662 

A-SCOPE SWEEP| [PPI SWEEP [PPI CENTERING 
LENGTH [LENGTH R665 
RI676 R65! o 

‘TMII67-35-71, 

Figure 148. Azimuth-Range Indicator IP-141/TPS-1D, panel screw driver adjustments. 
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HR6OI C664 

S608 
RANGE MARKS MILES 

R2617 

DIMMER S6I13A/B 

R2618 
[MTL BALANCE| R2627 

TMII67-35- 

Figure 149. Azimuth-Range Indicator IP-141/TPS-1D, partial bottom view. 

RECEIVER . 
AMPL BALANCE 

77 
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Sue 

ee 4 ee (TMIL67- 35-79. 

Figure 150. Azimuth-Range Indicator IP-141/ TPS-1D, 
partial view of right side. 



-REGOA/B. RIGI8 
COARSE INTENSITY] [B0. ADy. 

‘ TMII167-35-73 

Figure 151. Azimuth-Range Indicator IP-141/TPS-1D, 

adjustments and test points, top view. 

E60i B60! 

R626 

V603-V605 Ee 
TP609 TP604 REMOVED cilia aT mes 

Figure 152. Azimuth-Range Indicator IP-141/TPS-1D, adjustments and test points, bottom view. 
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7602 HIGH VOLTAGE 

Z603 

Z604 

Douro 
ENULPMENT ENERG | ZEI 

WHEN LAMP GLOWS 

T1610 

& R2619 
M601 

te 

(C603 ACROSS 
ANTENNA 

METER 
| 

TERMINALS) 

J60! ae | i a ey | ‘1609 
: a (XI 609. 

REAR) 

Figure 153. Azimuth-Range Indicator IP-141/TPS-1D, parts location, top view. 

WARNING LIGHT 

TMII67-35-75 



R69! RIGS5 R2601 RI689 

MARKER GATE STROBE LIM VERT CENT ASTIG 

“"RIGIT RI687 

5-10 MILE MARKER INT RI6IO RIGI2 RIGII 

R660 
COARSE 

 JINTENSITY 

RI6I8 
BO. ADJ. 

RI629 
25-10 MILE 
MARKER INT 

RI696 
R659 FOCUS 
INTENSITY 

RI693 
R682 

INTENSITY | 
VIDEO GAIN 

R683 
R67! 

VIDEO GAIN 
FOCUS 

R685 RIG76 
A-SCOPE STROBE INT. SWEEP LENGTH 

R262 
R65! 

R2625 PPL SWEEP 
LENGTH 

R6IO 
IFF VIDEO 

R658 
R2623 

R673 

€ 

R626 RIG57 RI669 

PPI GATE] [RANGE STROBE] [A GATE] 
TMII167-35-69 

Figure 154. Azimuth-Range Indicator IP-141/TPS-1D, location of controls and 
adjustments, under chassis view. 
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T605 T603 C63! T602 PANEL A Z601 
E628 ; 

PANEL F_ 
E633 

C623 es 

C630 

me ae 

C642 » 
(UNDER _ a 
C630) c66e2 

C605 ae 
C644 

PANEL B 
E629 Re ae. 

PANEL D 
E63! 

XxV609 

S607 PANEL E 
ANTI! JAM E632 

PANEL Cosa 
E630 

S606 cé6l9 —T6O! $609 C66! 
PP| RANGE SELECTOR A RANGE SELECTOR 
PART OF Z607 PART OF 2608 annie Se 

TMII67- 35-70 

Figure 155. Azimuth-Range Indicator IP-141/TPS-1D, location of parts, under chassis view. 
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Sélt 9 $610! ‘xt 610" © Z606 —- 2605 

<erinsiinsvepcr essai ainrrremecistew nis mete ttt RT A tN OTT TE LS NRT oe sls 
> yo ps 

Cé0l 

C602 

$602 

R2614 
R2612 
E602 

J , R2610 

E638 bomete 2 iii | he = eens ee TP612 

TP6II | | : cee 
R2607 

R2606 | 
TP6IO Oe eae 

__xve26. 

R2624 

al = R2604 

‘oa R2603 

Ske | -<claaee ~| : PANEL H 

: we HV, SUPPLY 
E634 R2615 R2616. R2613 C666 C667 R2609 COVER 
PANEL G ; ! 

T604 C665 R261 C668 

TMII67-35-78 

Figure 156. Azimuth-Range Indicator IP-141/TPS-1D, location of parts, left side. 
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TP607 TP606 TP6O0S 

xXV6I8 XV6I7 XV6I6 XV6I5 XV614 

TP608 

XV6Il 

XV6l2 

XV6I9 

XV620 * 

xvV602 

XV601 

XV609 

XV6IO 

XV607 

TP603 

XV608 

XV606 

XV605 XV603 XV604 XV6I3 XV621 XV622 

TP.602 TP6OI TP604 TP6O9 mm 4 

TMII67-35-68 

Figure 157. Azimuth-Range Indicator IP-141/TPS-1D, location of tube sockets and test points, 
under chassis view. | 
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-R2619 - R609 
J603. ANTENNA SPEED ANTENNA ROTATE 

‘= S616 | es ce wy a 

S615. 

S618 7 
‘s6171 

: 160! THRU 1608 
4 (PPI SCALE LIGHTS). 

XI 601 THRU 
-X1608 | ta 

INSEE 

E639 

J602 

anaieneen es * TP603 
R663 R664 L602 Smee ee 

TMII167-35- 76 

Figure 158. Azimuth-Range Indicator IP-141/TPS-1D, location of parts, right side. 
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PANEL A PANEL B PANEL C 
E628 E629 E630 

TMII67 - 35-3 

Figure 159. Azimuth-Range Indicator IP-141/TPS-1D, resistor and capacitor panels A, B, and C. 
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a, 

PANEL D SUBASSEMBLY 

E631 Z607 
(NOTE 1) 

PANEL G 
E634 

PANEL E 

E632 
PANEL H 

E635 

ies} 

i>m 
7 

PANEL F NOTES SUBASSEMBLY 
£633 Z608 

|, SUBASSEMBLY Z607 COMPRISES S606, C6IO, C6II, (NOTE 2) 
C612, C613, C615,C616, C617, C618, RIE33, R652,R653 

R654, R627, R634,R655. 

2. SUBASSEMBLY Z608 COMPRISES S609, C648, C649, 
C650, C651, C652, C654, C655, C656, C657, C658, 
RI634, RIGO, RIGG!, RIG62, RI663 , RIG70, RI677. TMII167-35-249 

Figure 160. Azimuth-Range Indicator IP-141/TPS-1D, resistor and capacitor panels D through H, 
and subassemblies Z607 and Z608. 
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350. Indicating System Controls and 
Adjustments 

The following chart lists the controls and ing system are listed in the chapters covering 

adjustments that are functional parts of the in- | the system in which the controls function. 

Location 
Controls and adjustments g.) 

A-scope FOCUS control R1696-_---__---.____- 148 

A-scope INTENSITY control R1693__________ 148 

A-scope VIDEO GAIN control R683__-________ 148 

A-scope HORIZ CENTER control R1687_-_-___- _ 148 

A-scope VERT CENTER control R2601______- 148 

A-scope ASTIG control R1689_______________- 148 

A-scope SWEEP LENGTH control R1676_____ 148 

PPI SWEEP LENGTH control R651-________- 148 

PPI CENTERING controls R662 and R665___ 148 

Ppi-scope INTENSITY control R659_________- 148 

Ppi-scope FOCUS control R671_-_____-______- 148 

Ppi-scope VIDEO GAIN control R682_________ 148 

MARKER GATE control R691_____________- 148 

5-10 MILE MARKER INT control R1617-____ 148 

25-10 MILE MARKER INT control R1629- __ 148 

STROBE INT." control R685 i000 148 

STROBE LIM control R1655__.___.___..__-_- 148 

[ET VIDEO control ROlO2 2220. a ee 148 

RANGE STROBE control R1657_______.___-- 154 

PPI RANGE SELECTOR switch: 
G06 tiated ec ee pale Se a oe ee 155 
BSGOGA id 5 aug Sacentd qinnudicadsm ne Se oe ee ie ane 

S606B 
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dicating system. Controls which are located 

on the indicator but are not part of the indicat- 

Function 

Determines sharpness of the A-scope display by controlling the 

voltage applied to the focusing anode (pin 5) of V625. 

Determines brightness of the A-scope display by controlling the 

voltage on the cathode (pin 2) of V625. 

Controls amplitude of the video signals on the A-scope display by 

varying the input level of the video signals fed from video cathode 

follower V612A. 

Controls horizontal position of the A-scope display by varying the 

bias on V624B. 
Controls vertical position of the A-scope display by varying the — 

fixed voltage on the lower vertical deflection plate (pin 8) of V625. 

Corrects for an out-of-focus condition which may be present on 
portion of the A-scope by adjusting the voltage on the accelerating 

anode (pin 9) of V625. 

Controls physical length of A-scope display by varying the time 

constant of sweep circuits at V623. 

Controls physical length of ppi-scope display by varying the 

conductance of sweep amplifier V608. 
Control position of the zero-range end of the ppi sweep by varying — 

the amplitude and polarity of the average current through the 

coils which are part of focus coil assembly L602. 

Determines brightness of the ppi-scope display by controlling the 

voltage on the cathode (pin 7) of V609. 

Determines sharpness of the ppi-scope display by controlling the 

current through ppi-focus coil L601. 

Controls intensity of the video signals on the ppi-scope display by 

varying the input level of the video signals fed from video cathode 

follower V612A. 

Controls number of range markers seen on the ppi- and A-scopes 

by varying the charging time of capacitor C628 at V614. 

Controls intensity of the 5- or 10-mile markers on the ppi scope 

and the height of the markers on the A scope by varying the 

voltage divider consisting of R1616 and R1617 at the output of 

V617A. 
Controls intensity of the 25- or 10-mile markers on the ppi scope 

and the height of the markers on the A scope by varying the 

voltage divider consisting of R1632 and R1629 at the output of 

V618B. 
Controls intensity of the strobe on the ppi scope by varying the 

amplitude of the strobe fed into V601. 

Determines limits of the range in which the strobe can be varied 
by RANGE STROBE control R1657, by varying the charging 

time of capacitor C645 at V621. 

Controls input level of the IFF video signal to V601. 

Controls position of the strobe on the ppi scope by varying the 

charging time of capacitor C645 at V621. 

Sets range displayed on ppi scope. 

Changes the time constant of ppi gate multivibrator V603, to vary 

the gate length. 

Changes the time constant of ppi sweep generator V605, to vary 

the sweep length. 



sn pe rsh eS nomnannnlliehanter eS am 

Controls and adjustments 

DIMMER control R2617 

PPI GATE control R626 

Pa NODE COLtEOWU ELL OO9_ = ot ee ne 

COARSE INTENSITY control R660________- 

EOD econtro) RIGS £2. 82. = See ee 

A-scope deflection balance control C659_-_-- - - - 

Marker calibration control Z601____-_-------- 

Location 
(fig.) Function 

ib ees = Changes the value of grid resistance at the ppi scope so that the 

intensity of the sweep will not vary as the sweep range is changed. 

Anes In the 20- or 40-mile position, feeds the 5-mile markers to V602. 
In the 80- or 160-mile position, the 25-mile markers are fed to 

V602 when the RANGE MARK MILES switch 8608 is ON. 
The 5- and 25-mile markers are fed to V602 when 8608 is in the 

TEST position. 

ih ices In the 20- or 40-mile position, grounds the 25-mile marker input 

to V602. In the 80- or 160-mile position, the 5-mile marker input 

to V602 is grounded when the RANGE MARKS MILES switch 

$608 is ON. 

149 | Turns markers on and off. TEST position used for checking 25-mile 
markers. A 25-mile marker should coincide with every fifth 

5-mile marker. 
ail, Sk In the TEST or ON position, applies 51 volts to the grid (pin 2) 

of V614A, for normal operation. In the OFF position, V614 is 

disabled. 
2 chen aed In the ON position, grounds the 5-mile marker input to V602 when 

PPI RANGE SELECTOR switch 8606 is in the 80- or 160-mile 

position. In the TEST position, both 5- and 25-mile range marks 

are fed to V602. 
ah apy, aa In the ON position, grounds the 5-mile marker input to V619B. 

155 | Sets range of A scope. 
eal 2 a In the EXP position, causes A-gate multivibrator V622, to be 

triggered by a delayed pulse from V621; in all other positions, 

V622 is triggered by the trigger from the transmitting system. 

Ae et Selects the proper resistor to be used as a shunt with the plate load 
of V622B so that the A-scope intensity remains constant when 

the sweep range is changed. 

str es Selects the proper combination of feedback capacitors to be used 

in A-gate multivibrator V622. 
oe UTS Selects the proper combination of sweep capacitors to be used by 

A-sweep generator V623. 

oe eae In the 20- or 40-mile position, feeds the 5-mile markers to A video- 

marker mixer V619. In the 80- or 160-mile position, the 25-mile 

markers are fed to V619 when RANGE MARKS MILES switch 

S608 is ON. The 5- and 25-mile markers are fed to V619 when 

S608 is in the TEST position. 
149 | Adjusts ppi azimuth scale illumination. 
154 | Determines the time duration of the ppi-scope sweeps by varying 

the time duration of the ppi gates. 

154 | Determines the time duration of the A-scope sweeps by varying 

the time duration of the A-scope gates. 

154 | Determines the limits of the range in which illumination can be 

controlled by ppi INTENSITY control R659. 

154 | Controls the stability of the 25- or 10-mile markers by controlling 

the triggering time of the 25-mile blocking oscillator. 

160 | Controls the electrostatic balance of the A-scope horizontal de- 

flection plates in relation to the vertical deflection plates. Slight 

adjustment may be necessary when the A-scope is replaced. 

155 | Determines the accuracy of the 5-mile markers by tuning the tank 

circuit of the 16-ke blocking oscillator so that the period of each 

cycle is 10,000 yards or 5 miles. 

Re ee eee eee eee 
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351. Indicating System Fuses 
The following chart lists the fuses that protect circuits in the indicating system. 

Rating 
ey eee eee ene eee BEBO Wh: Location 

Fuse fuse Circuit protected (fig. No.) 
Volts Amps indicator 

F401 250 1.6 T 401 | Convenience outlet J603) when radiating. -_5_2 2-2-2 ee 173 

F404 250 6.25 1/404" | Indicator filaments and blower/motors=_ 2-20. 55.5500. ee 173 

F407 250 Ae I 407 | High-voltage power supply —. ...-+-2 4 ~252- 22--5424542425-5_-5 > 173 

F409 250 6.25 I 409 | Filaments and high-voltage power supply__------------------------------ 173 

F412 250 | 60.0 T 412"|) Primary ‘power! . *2y seh c30ue Ws ok aes et ae 6 oe er 173 

F413 250 | 60.0 T 413") Primary"power tr: 2. tea ok a5 ok ee a eg 173 

F414 250 | 30.0 TA14 ) Heaters. ee ac co ito belch ce 173 

F415 250 | 30.0 1 415..|: Heaters... 2 20 ey ow ee ee 22s cee 173 

F416 250 6.25 I 416 | Convenience outlet J603, when not radiating_-_.-.--.-- ------------------ 173 

352. Normal Indications at Indicating 
System Test Points 

The following chart lists the test points that 

are provided to test the operation of circuits in 

the indicating system. 

Test Location oink (Go Noo) Normal indication 

TP601 152 | Ppi gate (plate V603B, fig. 222). 

TP602 152 | Ppi-sweep voltage (cathode V608, fig. 222). 

TP603 158 | Ppi-sweep voltage (grid V608, fig. 222). 

TP604 152 | Delayed trigger (grid V613, fig. 222). 

TP605 151 | Marker gate (grid V615, fig. 221). 

TP606 151 | 16-ke gated oscillator output (cathode 

V615, fig. 221). 
TP607 151 | 5-mile blocking oscillator (transformer 

T602, pin 7, fig. 221). 

TP608 151 | 25-mile blocking oscillator (transformer 

T6038, pin 7, fig. 221). 

TP609 152 | A-gate (plate V622, fig. 221). 

TP610 156 | A-sweep voltage (cathode V624, fig. 221). 

EP6T 156 | Negative 480 volts +10 percent (voltage 

divider from —1,500 volts). 

TP612 156 | Positive 300 volts +10 percent (voltage 

divider from 1,500 volts). 

Section Il. 

354. General 

Two troubleshooting procedures are provided 

to assist in isolating trouble that has been 

sectionalized to the indicating system. If you 

are not sure the trouble is in the indicating 
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353. Dc Resistance of Indicating System 
Transformers, Coils and Filters 

The following chart lists the transformers, 

coils, and filters in the indicating system, the 

figure on which the components can be located, 

and the dc resistance of each winding of the 

component. 

Coil, transformer, Location 1 De resistance 
or filter (fig..) Termins (ohms) 

TOU Le ee cee cena 150526 ucts ee ee 230 

EGU 2 oe eas fe | 5°: SR rh 1-2 5,260 
3-4 3,400 
5-6 3,400 

GOS cee neta as: Panel -Bafig, 159s| a5 eae 88 

TS GQ4EE ae sees Panel A. fig, 1592|soseoee 36 

‘6010602; 1603.) 155.202 ene ee 2-7 1.9 
3-8 1.75 
5-6 2.05 

OOS eed tas 136. eee eaa ee 1-2 5.6 
3-4 10,000 

5-6 (1) 
JNU SS tele ae 1S ct ebeesmacet 1-2 1.5 

3-4 (?) 
5-6 (?) 
7-8 (7) 

ILA) 3d Re Pee Lobe Ges ed F-S 210 
Z602,;2603:. 2604.) 153. oe aoe well Pee (7) 

Z605, Z606_------ 156. .2c2 2 au eee Oe uy 

1 Less than 1. 

TROUBLESHOOTING CHARTS 

system, use the troubleshooting chart based on 

starting procedure (par. 210) to sectionalize 

the trouble to a system. 

a. Symptom Troubleshooting (par. 358). 

Troubles that have been sectionalized to the in- 



dicating system can usually be isolated most 

rapidly by following the procedure based on 

symptoms that localize the trouble to a channel, 

circuit, or stage. To troubleshoot the indicat- 

ing system based on symptoms, proceed as 

follows: 
(1) Observe the indications obtained on 

the scopes. 

(2) Compare the indications obtained with 
those listed in each of the symptoms. 

(3) If the indications obtained corre- 

spond to those listed in a particular 

symptom, follow the procedure given 

in that particular subparagraph to 

isolate the trouble. 

(4) If the trouble cannot be isolated by 

symptom troubleshooting, refer to the 

step-by-step troubleshooting chart. 

b. Step-by-Step Troubleshooting Chart (par. 

359). The indicating system step-by-step 

troubleshooting chart is designed to evaluate 

the performance of every stage during any 

type of operation of the indicating system. 

The step-by-step troubleshooting chart is used 

as follows: 

(1) Locate the test point given in step 1. 

(2) Connect the test equipment and set 

the controls on the test equipment as 

directed in the Test equipment column. 

(3) Set the controls on the radar set as 

directed in the Radar set controls 

column. 

(4) Compare the indication obtained on 

the test equipment with the indications 

that are given or referenced in the 

Normal indications column. 

(5) Proceed as directed in the Corrective 

measures column. 
Note. All voltages are measured to 

ground unless otherwise indicated. 

355. Multivibrator and Blocking Oscillator 
Resistor Replacement 

Wherever two or more carbon resistors are 

used in combinations, such as in a grid bias 

voltage divider, there is a possibility of having 

an unfavorable piling up of resistor value toler- 
ances. Several instances of this possibility 

exist in the indicator. The ppi-gate multivi- 

brator, for example, has a voltage divider con- 
sisting of R619 and R623 in the grid circuit. 

While the multivibrator would not fail if one 

of these resistors were to deviate 10 percent 

from its center value, it could fail if both re- 

sistors should deviate by 10 percent in opposite 

directions. To avoid possible marginal opera- 

tion of a multivibrator or blocking oscillator, 

make sure that a low-limit resistor is paired 

with another low-limit resistor and that the re- 

sistors are within +5 percent of the specified 

value when replacing any of the following re- 

sistors: 

Resistor Circuit Location 

R619, R623____| Ppi-gate multivibrator_| Panel C, fig. 159 

R628 through Ppi-gate clamper - - - --- Panel C, fig. 159 

R632. 

R1664, R1667__| A-gate multivibrator_._| Panel D, fig. 160 

R1671 through | A-gate clamper-------- Panel C, fig. 159 

R1675. 

R1647, R1653__} Range strobe multi- Panel C, fig. 159 

vibrator. 

R689, R690___-} Marker gate multi- Panel A, fig. 159 

vibrator. 

R687, R688____| Strobe blocking Panel A, fig. 159 

oscillator. 

R1622, R1623__| 5-mile blocking Panel A, fig. 159 

oscillator. 

R1624, R1625__| Marker clamper- ------ Panel A, fig. 159 

356. Test Equipment Required to Trouble- 

shoot Indicating System 

The following items of test equipment are 

required to troubleshoot the indicating system. 

Test equipment Common name Fechnical 

Multimeter TS-352B/U or | Multimeter- ----- 11-5527A 

ME-77/U. 
Oscilloscope AN/USM-24C, | Oscilloscope------ 11-5103 

or AN/USM-50. 11-5129 

Range Calibrator TS-573/U_| Range calibrator_| 11-1228 

Electron Tube Test Set TV— | Tube tester__-_-- 11-5083 

7B/U. 

357. Preparation of Indicating System for 
Troubleshooting 

a. General. When the radar set is properly 

installed, the indicator is inaccessible for 

troubleshooting, alining, and field testing. 

b. Removal of Azimuth-Range Indicator IP- 

141/TPS-1D. 

(1) Disconnect all cables that are con- 
nected to the receptacles on the front 
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panel of the Azimuth-Range Indicator 
IP-141/TPS-1D. 

(2) Remove the indicator chassis entirely 

from its inner case after loosening the 

16 captive panel screws. 

(3) Place the chassis on a suitable work 

area about 5 feet from the dust cover. 

(4) Reconnect cable between the power 

supply (J407) and indicator (J601). 

(5) Disable interlock S603 (fig. 158) by 

pulling outward on the interlock pin 

after centering the pin in its bracket. 

358. Indicating System Symptom Trouble- 
shooting Chart 

Warning: Voltages as high as 5,000 volts 

exist in the circuits of the indicating system. 

1. The scope anode high-voltage circuits are 
located on the lower left front corner of the 

chassis. Keep clear of this area, especially 

ceramic terminal strip E602 (fig. 156). 

2. Do not operate the unit with the phenolite 

cover removed. 

3. The A-scope uses a +1,500-volt and a 

—1,500-volt de potential. The ppi scope uses 

Symptom Probable cause 

1. Both scopes blank (INTEN- | 1. 

SITY controls turned up), 

and indicator panel lights 

functioning normally. 

2. Both scopes blank (INTEN- | 2. 

SITY controls turned up), 

and indicator panel lights 

not functioning normally. 

High-voltage power supply -_-_| a. 

Filament transformer T605__| a. 

a +5,000-volt potential. All voltages are ob-- 

tained from the high-voltage supply (V626) 

This supply is capable of sustaining lethal cur- 
rents, and as means are provided for checking 
the supply at a safe voltage, direct meno 
ment of the high voltage is not recommended, 

4. Test points (fig. 156) TP611 and TP612 
provide means for checking the —1,500 and 

+5,000 voltages, respectively. The measure- 
ment of TP612 is indicative of the +1,500 and 
+5,000 voltages. For normal voltages the 
average readings to ground at the test points, 

with a 20,000-ohms-per-volt meter, should be as” 
follows: d 

fed oN Mi meme Re oT URRY TIT —430 volts de 

TPG Ue +300 volts de 

If readings within +10 percent of the given 
values are obtained at TP611 and TP612, the 

high-voltage power supply can be eliminated as” 

the cause of trouble. ; 

5. If readings other than +10 percent are 

obtained, the power supply components should” 
be checked with an ohmmeter, after first fully 

discharging capacitors C665 through C668 
(fig. 156) with a shorting bar. 

Corrective measures 

«iP ee 4 ~~ 

Warning: Observe the precautions in the first warning j 

notice at the beginning of this troubleshooting chart. ; 

Replace rectifier tube V626. Check voltage andl 

resistances at V626 (fig. 223). " 
b. Check the transformer resistances (par. 353). 

, 

é 
Check the voltage between terminals 1 and 2 of © 

T605. The voltage should be 115 volts ac. 

b. Check the continuity of the windings of T605 (par. 

353). be 

3. A-scope sweep is erratic_______ 3. A-scope sweep gate adjust- | 3. Follow the procedure in paragraph 367. ‘ 

ment. 

4, Ppi-scope sweep is erratic ____ 4, Ppi-gate adjustment _-_____ 4, Follow the procedure in paragraph 366h. i 

5. No sweep on either scope. | 5. 

Bright spot appears on each 

scope when INTENSITY 

controls are turned up. 

6. Ppi-scope is blank when ppi | 6. 

INTENSITY control is 

turned up. Filament glow is 

not seen at neck of ppi tube. 

Ppi-scope circuit V609 

340 

rigger'circuit sees == ._.-| 5. Check the waveshape at J601, terminal 48. ‘. 

a. If abnormal, check the trigger waveform at the — 
TRIGGER OUTPUT J506. Check the continuity — 
between J506 and J601, terminal 48. It should be © 
less than 1 ohm. 

b. If normal, check R681, C609, C627, and C643. 
Turn system POWER switch S602 to OFF. 

(1) Remove the ppi tube socket and check the — 
filament circuit. 

Warning: Observe the precautions in the first 

warning notice at the beginning of this trouble- 
shooting chart. 

(2) If continuity is not present replace the ppi-scope 

(TM 11-1167-20). 



Symptom 

7. No sweep on ppi scope or dis- 
torted ppi sweep. 

8. A-scope is blank when A-scope 
INTENSITY control is 

turned up. 

9. No sweep, or distorted sweep, 

on the A scope. 

10. No markers on the A-scope or 

ppi scope. 

Probable cause 

7. Ppi-sweep channel__-_--_--_-- 

8. A-scope V625, or associated 

parts. 

9. A-scope sweep channel 

10. Fixed marker channel 

Corrective measures 

(3) If continuity is present, replace the ppi-tube 

socket and check the continuity between the 

connector on the aquadag coating and the hv 

rectifier (fig. 224). 

b. Check the voltages and resistances at V609 (fig. 223). 

7. If scope is blank increase the ppi-scope intensity and 

if a spot does not appear refer to symptom 6 

above. If a spot appears proceed as follows: 

Check the waveform (D, fig. 222) at TP601. 

a. If abnormal, proceed with c below. 
b. If normal check the waveforms (J and H, fig. 222) 

at TP602 and TP603. 

(1) If the waveform amplitudes are much larger than 

normal, check V608, check the voltage and 

resistances at V608 (fig. 223). 

(2) If the waveform amplitudes are smaller than 

normal, check V606, check the voltages and 

resistances at V606. 

(3) If the waveform is missing check V605, check 

the voltage and resistances of V605 (fig. 223). 

Check switch S606B. 

Check V603, check the voltages and resistances of 

V603 (fig. 223) and switch S606A. 

. Turn system POWER switch S602 to OFF, remove 

the A-scope tube socket and check for filament 

continuity. 

. Turn S602 to ON and check the voltages and 

resistances at V625 (fig. 223). 

Warning: Observe the precautions in the first warning 

notice at the beginning of this chart. 

9. Check the waveform (E, fig. 221) at TP610. 

a. If normal, proceed with c below. 

b. If abnormal, check the waveform (B, fig. 221) at 

TP609. 
(1) If normal, proceed with (5) below. 

(2) If abnormal, check V622, check the voltages and 

resistances at V622 (fig. 223). 

(3) Check V609 (figs. 159 and 224). 

(4) Check S609B and S609C. 

(5) Check the waveform (D, fig. 221) at pin 5 of V623. 

(a) If abnormal, check V623, take the voltage 

and resistance readings of V623 (fig. 221). 

Check switch S609D (fig. 155). 

(b) If normal, check V624, take the voltage and 

resistance readings of V624 (fig. 223). 

Check the connections between V624 and V625. 

. Check the waveform (H, fig. 221) at TP605. 
(1) If normal, proceed with b below. 

(2) If abnormal, check V614, measure the voltages 

and resistances at V614 (fig. 223). Check switch 

S608. 

. Check the waveform (J, fig. 221) at TP606. 

(1) If normal, proceed with c below. 

(2) If abnormal, check V615, measure the voltages 

and resistances at V615 (fig. 223). 

Check the waveform (L, fig. 221) at TP607. If 

abnormal, proceed as follows: 

(1) Check V616 and V617. 
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Symptom Probable cause Corrective measures ‘ 

(2) Check the voltages and resistances of V616 and — 
V617 (fig. 223). 

(3) Check the resistances of T602. 

. Check V612 and V619, measure the voltages and 11. No markers or video on A- | 11. A-video amplifiers V612 | 11 
scope. and V619. resistances at V612 and V619 (fig. 223). 

12. No markers or video on ppi | 12. Ppi video-marker mixer 12. Check V602, measure the voltage and resistances ‘ 
scope. V602. at V602 (fig. 223). 

13. Markers on both scopes are | a. Marker blocking oscillator | a. Follow the procedure in paragraph 365f. 

unstable. adjustment. 

b. Fixed marker channel-___-__-_ b. Follow the procedures in symptom 10, b and c. 

c. MARKER GATE (R691) | c. Follow the procedures in paragraph 365. 

adjustment. 

14. No video on A-scope or ppi | a. Video amplifier V611 or video | a. Check V611 and V612 and then measure the voltages 

scope. cathode follower V612. and resistances at V611 and V612 (fig. 223). 

b. Video input line___.....-.-- b. Check the continuity between J601, terminal 47, 
and J303 on the signal comparator chassis. 

15. No iff video or strobe on ppi 15. Check V601, measure the voltages and resistances 

scope. at V601 (fig. 223). 

a. Iff video-strobe mixer V601__| a. Check R610 and R601. 

bsp lifvideo input= 22-2222. b. Check the continuity between J601, terminal 46, and 

J417 on the front panel of the power supply. 
16. No 25-mile markers on A | a. 25-mile blocking oscillator | a. Check V617 and V618, measure the voltages and 

scope or ppi scope. keyer V617B, or resistances at V617 and V618 (fig. 223). 

b. 25-mile blocking oscillator | 6. Measure the resistance of T603 (par. 353). 

V618B. 

17. No strobe on ppi and no | Range strobe multivibrator Check V621, measure the voltages and resistances at 

expanded sweep on A scope. V621. at V621 (fig. 223). 

18. No strobe on ppi, expanded’ | Strobe blocking oscillator keyer | Check V613, measure the voltages and resistances at 

sweep on A scope normal. V613. V613 (fig. 223). 

19. No (or distorted) expanded | A RANGE SELECTOR switch | Check the waveform (B, fig. 221) at TP609, if abnormal 

sweep on A _ scope, ppi S609A. check S609A. 

strobe normal. 

S609C of SH0OD2A Se ee eet Check the waveform at TP610 (FE, fig. 221), if abnormal, 

check C652, C654, S609C and S609D. 

20. Ppi sweep does not rotate__._| Synchro receiver B602--__-___-_-_- Follow the procedures in paragraph 393, symptom 8. 

359. Indicating System Step-by-Step Troubleshooting Chart 

Step Test point Test equipment Radar set controls Normal indications Corrective measures 

1. | Between termi- | Set multimeter controls | Set system POWER | I 609 and I 610 | a. If all indications are 
nals 1 and 2 of to measure 115 volts switch S602 to ON, glow, 110 to normal, proceed with 

T605. ac. wait 5 minutes and 120 volts ac step 2. 
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then press RADIATE 

$616. 
DIMMER control to 

maximum CW posi- 

button 

tion. 

Turn 

If all indications are 

abnormal, check Z605 

and the ac power dis- 
tribution and control 

system (par. 210). 

If blower motor B601 — 
operates normally but 7 
all filaments and lights — 

(except I 610) are noth 

glowing, turn the sya 

tem POWER switch 

$602 to OFF and check 
T605 (par 353). 

on multime- | b. 

ter. Panel 

lights I 601 

through I 608 

glow. 

Filaments of all | c. 

tubes in the 

indicator 

glow. 



tep Test point Test equipment 

2. | Terminal of Z602 | Set multimeter controls 

nearest to the to measure 115 volts 

front panel. ac. 

Set the multimeter con- 

trols to measure +300 

volts de. 

3. | Ungrounded ter- 

minal of C601 

(fig. 156). 

Set multimeter controls 

to measure +450 volts 

de. 

4. | Ungrounded ter- 

minal of C602 

(fig. 156). 

5. | TP611 (fig. 156)__| Set the multimeter con- 
trols to measure —430 

volts de. 

TP 612 (fig. 156)_| Set the multimeter con- 

trols to measure +300 

volts de. 

Radar set controls 

Blower motor 

Normal indications 

d. 

B601 oper- 

ates. 

—150 volts de__| a. 

+300 volts de__}| a. 

+450 volts de__| a. 

—430 volts de__| a. 

+300 volts de__| a. 

Corrective measures 

If all indications are 

normal but I 610 does 

not glow, check I 610, 

and R2620. 

. If all indications are 

normal but the blower 
motor does not oper- 

ate, check S610 and 

B601. 
If the voltage is nor- 

mal, proceed with step 

3 
. If the voltage is ab- 

normal, proceed as fol- 

lows: 
(1) Check Z602 (par. 

153). 
(2) Troubleshoot 

(par. 420, step 

3) and intercon- 

necting wiring. 

If the voltage is nor- 

mal, proceed with step 

4 
. If the voltage is ab- 

normal, proceed as fol- 

lows: 

(1) Check C601. 

(2) Check Z603 (par. 

353). 
(3) Troubleshoot the 

power supply 

(par. 420, step 5) 

and intercon- 

necting wiring. 

If the voltage is nor- 

mal, proceed with step 

5. 
. If the voltage is abnor- 

mal, proceed as follows: 

(1) Check C602. 

(2) Check Z604 (par. 

303). 
(3) Troubleshoot the 

power supply 

(par. 420, step 

2) and inter- 

connecting wir- 

ing. 

If the voltage is nor- 

mal, proceed with step 

6. 
. If the voltage is abnor- 

mal, follow the correc- 

tive measures of par. 

358, symptoms 1 and 2. 

If the voltage is nor- 

mal, proceed with step 

tf 
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ns ne ee ==... 

Step 
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Test point 

J601 terminal 48_- 

TP603 (fig. 152)_- 

TP610 (fig. 156) -- 

TP608 (fig. 151)-- 

Terminal 3. of 

T601 (fig. 155). 

Pin 3 of V612 

(fig. 157). 

Ppi- and A-scope 

presentations. 

Test equipment 

Set the oscilloscope to 
measure the waveform 

(A, fig. 221) at termi- 

nal 48, J601. 

Set the oscilloscope to 

measure the waveform 

(fig. 222) at TP603. 

Set the oscilloscope to 

measure the waveform 

(fig. 221). 

Set the oscilloscope to 

measure the waveform 

(Q, fig. 221) at TP608. 

Set the oscilloscope to 
measure the waveform 

(N, fig. 222) at T601. 

Set the oscilloscope ac- 

cording to the notes on 

figure 221. 

Radar set controls Normal indications 

Set the PPI RANGE 

SELECTOR and A 

RANGE SELECTOR 

switches to 40 miles. 

A, figure 222-__- 

ate ins See wets hte H, figure 222___- 

St ea) ke ena a aR ee E, figure 221_--- 

RANGE MARKS MILES| Q, figure 221 ---- 

switch S608 to ON. 

Turn the RANGE | N, figure 222___- 

STROBE control about 

1g turn from the ex- 

treme ccw position. 

ANTI JAM switch to | Positive trans- 

OFF, and RECEIVER mitter pulse 

GAIN to maximum cw and grass. 

position. 
RANGE MARKS MILES 

switch to OFF. 

Adjust ppi- and A-scope | Sharp sweeps, 

INTENSITY and FO- transmitter 

CUS controls for nor- pulse, and 

mal sweep. grass. 

Ppi- and A-scope VIDEO 

GAIN controls maxi- 

mum ew. 

a. 

a. 

a. 

a. 

a. 

= 

Corrective measures 

a 
If the voltage is ab- 

normal, follow the cor- 

rective measures of par. 

358, symptoms | and 2. 
If normal, proceed with 

step 8. 

If abnormal, remove 

the cable from J506 and 

measure the resistance 

between terminal 48, 

J601 and ground. It 

should be 78 ohms. 

: 
‘ 

7 

4 

If normal, proceed with 

step 9. 

with step 21. 
If normal, proceed with 

step 10. 

. If abnormal, proceed 

with step 27. 

If normal, proceed with 

step 11. 

. If abnormal, proceed 

with step 28. 
If normal, proceed with 

step 12. 

. If abnormal, proceed 
with step 31. 

. If normal, proceed with 

step 13. 

. If abnormal, proceed 

with step 32. 

. If all indications are 

normal, proceed with 

step 14. 

If sweeps are normal 

but transmitter pulse 

and grass are abnormal 

on the ppi scope, pro- 

ceed with step 33. 

. If both scopes are blank, 

. If abnormal, proceed 

follow corrective meas-: 

ures of par. 358, symp- 

toms 1 and 2. 

. If no sweep or abnormal 

sweep is present on the 

ppi scope, proceed with 

step 21. 

. If sweeps are normal but 

transmitter pulse and 

grass are abnormal on 

the A scope, proceed — 
with step 34. 

. If no sweep or abnormal 

sweep is present on the — 

A scope, proceed with 

step 35. 



Step 

14. 

Test point 

Ppi- and A-scope 

presentations. 

Ppi- and A-scope 

presentations. 

Ppi- and A-scope 

presentations. 

Ppi- and A-scope 

presentations. 

Test equipment 

Multimeter 

Multimeter 

Multimeter 

Multimeter 

Radar set controls Normal indications 

RANGE MARKS MILES) 8 5-mile mark- 

switch to ON. 

Ppi- and A-scope VIDEO 

GAIN controls maxi- 

mum cew. 

PPI-RANGE SELEC- 

TOR and A-RANGE 

SELECTOR switches 

to 20 miles. 

RANGE MARKS MILES 

switch to TEST. 

RANGE MARKS MILES 

switch to TEST. 

PPI-RANGE SELEC- 

TOR and A-RANGE 

SELECTOR switches 

to 80 miles. 

PPI-RANGE SELEC- 

TOR and A-RANGE 

SELECTOR. switches 

to 160 miles. 

RANGE MARKS MILES 

switch to TEST. 

ers on each 

scope. 

4 5-mile mark- 

ers on each 

scope. 

16 5-mile mark- 

ers and 3 25- 

mile markers 

on each scope. 

6 25-mile mark- 

ers on each 

scope and 4 

5-mile mark- 

ers between 

adjacent 25- 

mile markers. 

Corrective measures 

. If both scopes are nor- 

mal, proceed with step 

15. 
. If the ppi scope is ab- 

normal, check R1616 

and C634 and proceed 

with step 33. 

. If the A scope is abnor- 

mal, check switches 

S608C, S609E, and 

S609F. 
. If both scopes are nor- 

mal, proceed with step 

16. 
. If the ppi scope sweep 

is abnormal, check 

S606A, S606B, and 

S606C and C610, C618, 

and R654. 

. If the A scope is abnor- 

mal, check S609A, 

S609B, S609C, and 

S609D and C649 and 

C657. 
. If the ppi markers are 

abnormal, check S606D. 

. If the A-scope markers 

are abnormal, check 

S609E. 
. If both scopes are nor- 

mal, proceed with step 

17: 
. If the ppi-scope sweep 

is abnormal, check 

S606A, S606B, and 

S606C and C612, C616 

and R652. 

If the A-scope sweep is 

abnormal, check S609A, 

S609B, S609C, and 
S609D and _ R1660, 

C651, and C655. 

. If the ppi markers are 

abnormal, check S606D 

and S606E. 

. If the A-scope markers 

are abnormal, check 

S609E and S609F. 

. If both scopes are nor- 

mal, proceed with step 

20. 
. If the ppi-scope sweep 

is abnormal, check 

switch S606A, S606B, 

and §606C and C613 

and C615. 
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Step 

18. 

19: 

20. 

346 

Test point Test equipment 

Ppi- and A-scope 

presentations. 

Pin 5 of V601 
(fig. 157). 

Ppi-scope presen- 

tation. 

Radar set controls 

Multimeter 

Set the oscilloscope to 

measure the waveform 

at pin 5 of V601. 

PPI-RANGE SELEC- 

TOR switch to 160 

miles. 

RANGE MARKS MILES 
switch to ON. 

A-RANGE SELECTOR 

switch to EXP. 

Turn RANGE STROBE 

control slowly from 

maximum cw to maxi- 

mum cew position. 

If iff equipment is in use 

feed the iff video pulse 

into J417 (fig. 150). 

If iff equipment is in use 

disconnect the cable 

from J415 (fig. 150) 

and connect it to J417. 

Turn RANGE MARKS 

MILES switch to OFF. 

Turn ANTENNA RO- 

TATE control to ew. 

The range strobe 

should move 

from the 160- 

mile position 

to approxi- 

mately the 

15-mile posi- 

tion on the 

ppi sweep 

and the A- 

scope markers 

should move 

from left to 

right. 

Video signals____ 

ANTENNA 

SPEED dial 

indicates ecw 

rotation. 

Ppi sweep ro- 

tates cw. 

Normal indications Corrective measures 

c. If the A-scope sweep is — 
abnormal, check S609A, — 

S609B, S609C, S609D 

and C652 and C654. 

abnormal, check S606D 

and S606E. 

are abnormal, check 

S609E and S609F. 

. If all indications are 

normal, 

step 19. 

proceed with 

. If both scopes are ab- 

normal, check V621, 
make voltage and re- 

sistance measurements 

at V621. 

. If the ppi scope is ab- 

normal, proceed as fol- 

lows: 

(1) Check V601, make 

voltage and re- 

sistance measure- 

ments at V601. 

(2) Check R685, R684, 
and C625 (fig. 

223). 
. If the A scope is abnor- 

mal, proceed as follows: 

(1) Check S609A, 

S609B, S609C, 

S609D. 

(2) Check C648 and 

C658. 
. If the indications are 

normal, proceed with 

step 20. 

. If the indications are 

abnormal, proceed as 

follows: 

(1) Check V601, make 

voltage and re- 

sistance meas- 

urements at 
V601. 

(2) Check R610 and 

R601. 
(3) Check the iff 

equipment and 
interconnecting 

wiring. 

Troubleshoot the antenna 

positioning system (par. 

393, symptom 8). 

d. If the ppi markers are 

. If the A-scope markers 



Radar set controls Normal indications Corrective measures Step Test point Test equipment 

Bae eacpizscope presen= |... _.._............---.- 

tation. 

22. | TP602 (fig. 152)__| Set the oscilloscope to 

measure the waveform 

(J, fig. 222) at TP602. 

23. | High-voltage rec- | Multimeter____-_-------- 
tifier V626. Warning: Discharge 

capacitors C665 through 

C668 (refer to par. 358, 

warning 5). 

Check the continuity of 

the cable between the 

ppi-scope aquadag con- 

nector and R2624. 

Ppi scope V609 

(fig. 157). 

Increase ppi INTEN- 

SITY. 

Press RADIATE button 

S616 to OFF. 

Set power switch S602 to 

OFF. 

ANTENNA 

SPEED dial 

indicates ccw 

rotation. 

Ppi sweep ro- 

tates ccw. 

Spot in center of 

ppi scope or 

abnormal 

sweep. 

J; figure 222220. 

INGUL CATO CST Rte eee ear ic || Oe AN Lee ie eon EE ee hts | EN TE Cees tt oe yet 

a. If the sweep is abnor- 

mal, proceed with step 

24. 

b. If only a spot is present, 

proceed with step 25. 

c. If scope is blank, pro- 

ceed with step 23. 

a. If the waveform is miss- 

ing, proceed with step 

25; 
b. If the waveform is 

smaller than normal, 

proceed with step 26. 

c. If the waveform is 

larger than normal, pro- 

ceed as follows: 

(1) Check V608, make 

voltage and re- 

sistance meas- 

urements at V608 

(fig. 223). 

(2) Check the de re- 

sistance of L601 

(par. 353). 

a. If continuity is not 

present, replace the 

cable. 
b. If continuity is present, 

check R2616, R2624, 

C667, and C668. 

a. Turn system POWER 

switch S602 to OFF. 

(1) Remove the ppi 

tube socket and 

check the _fila- 

ment circuit. 

If continuity is 

not present re- 

place V608 (TM 

11-1167-20). 
If continuity is 

present reconnect 

the ppi_ tube 

socket. 
b. Check the voltages and 

resistances at V609 (fig. 

223). 

(2) 

(3) 
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Step Test point Test equipment 

24. | Ppi-focus current | Tube tester 
regulator V610 | Multimeter. 

(fig. 157). 
Focus coil assem- 

bly L602 (fig. 
158) C619 (fig. 
155). Blanking 

circuit. 

25. | TP601 (fig. 155)__| Set the oscilloscope to 

measure the waveform 

(D, fig. 222) at TP601. 

26. | Pin 2 of V606 | Set the oscilloscope to 

(fig. 157). measure the waveform 

(E, fig. 222) at pin 2 of 

V606. 

27 Tk OOP ALE Soles Set the oscilloscope to 

measure the waveform 
(B, fig. 221) at TP609. 

348 

Radar set controls Normal indications 

a. 

D, figure 222____| a. 

b. 

E, figure 222____| a. 

b. 

B, figure 221____| a. 

b. 

. Check PPI CENTER- 

Corrective measures 

Check V610, make volt-_ 
age and resistance meas- 

urements at V608 (fig. 

223). 

ING controls R662 and 

R665. Disconnect ter-— 
minal 3, 4, 5, or 6 from 

focus coil assembly 

L602, and check the de 

resistance between ter- 

minals 3 and 4 and be- 

tween terminals 5 and6 

(par. 353). 

Check capacitor C619B. 
Check R656 and C622; 

switch $606, R655 and 

C653. 
If normal, proceed with 
step 26. = 

If abnormal, proceed as 
follows: 

(1) Check V603 and 
V604, make the 

voltage and re- 

sistance meas- 

urements on 

V603 and V604 
(fig. 223). 

Check switch (2) 
S606A and C610 _ 
and C611. 

If normal, proceed with 

c below. 

If abnormal, proceed as 
follows: 

(1) Check V605, make © 

the voltage and 
resistance meas- — 

_urements ata 

V605. 

Check switch 

S606B and C617 

and C618. 

(2) 

. Check V606 and V607, 

make the voltage and 
resistance at V606 and 

V607. 

If normal, proceed with 

c below. 

If abnormal, proceed as 
follows: 

(1) Check V622, make ~ 

the voltage and 
resistance meas- 

urements at 

V622. 



Step Test point Test equipment 

See. PGOSSO so. Set the oscilloscope to 
measure the waveform 

(H, fig. 221) at TP605. 

29. | TP606 (fig. 151)__| Set the oscilloscope to 

measure the waveform 

(J, fig. 221) at TP606. 

30. | TP607 (fig. 151)_-| Set the oscilloscope to 
measure the waveform 

(L and M, fig. 221) at 

TP607. 

Radar set controls Normal indications Corrective measures 

H, figure 221___- 

J, figure 221__--| a. 

L and M, figure 

221. 

b. 

a. 

b. 

(2) Check S609B and 

S609C and 

R1661, R1662, 
C649, C650, and 

R1663. 

. Check V623 and V624, 

make the voltage and 

resistance measure- 
ments at V623 and V624 
(fig. 223). 

. Check switch S609D 

and C656 and C657. 

. If normal, proceed with 

step 29. 

. If abnormal, proceed as 

follows: 

(1) Check V614, make 

the voltage and 
resistance meas- 

urements at 

V614 (fig. 223). 

(2) Check S608A. 

If normal, proceed with 

step 30. 

If abnormal, proceed as 

follows: 
(1) Check V615, make 

voltage and re- 

sistance checks 

at V615_ (fig. 

Deas 

(2) Check the resist- 

ance of Z601 

(par. 353). 

If normal, proceed with 

c below. 
If abnormal, proceed as 

follows: 

(1) Check V617, make 

the voltage and 

resistance meas- 

urements at 

V616 (fig. 223). 

(2) Check the resist- 

ances of T602 

(par. 353). 

. Check V618, make the 

voltage and resistance 

measurements at V618 

(fig. 223). 

. Check the resistances of 

T603 (par. 353). 

. Check the connections - 

at A; B,C, Dj rand) Z 

(fig. 224). 

349 



Step 

31. 

32. 

33. 

34, 

350 

Test point 

TP604 (fig. 152)__ 

Pin 7 of Vé6ll 
(fig. 157). 

(fig. 157). 

(fig. 157). 

Test equipment Radar set controls 

Set the oscilloscope to 

measure the waveform 

(M, fig. 222). 

Set the oscilloscope to 

measure the waveform 

at pin 7 of V611. 

Pin 5 of V602 | Set the oscilloscope to 

measure the waveform 

at pin 5 of V602. 

Pin 6 of V619 | Set the oscilloscope to 

measure the waveform 

at pin 6 of V619. 

Normal indications 

M, figure 222. __ 

Positive trans- 

mitter pulse 

and grass. 

Negative trans- 

mitter pulse 

and grass. 

Negative trans- 

mitter pulse 

and grass. 

a 

Corrective measures 

. If normal, proceed with 
c below. 

If abnormal, check 

V621, make voltage and 

resistance measure- 

ments at V621 (fig. 223). 

Check V613, make volt- 

age and resistance 

measurements at V613 

(fig. 223). 

. Check the resistance of 

T601 (par. 353). 
If abnormal, trouble 

may be in the receiving 
system or the signal 

comparing system (re- 

fer to par. 210). 

If normal, proceed as 
follows: 

(1) Check V611 and 

V612, make volt- 

age and resist- 

ance measure- 
ments at V611 

and V612 (fig. 
223). 

(2) Check the resist- 

ance of L603 

(par. 353). 

(3) Check  CR601 
(par. 190). 

. Check V602 and V607, 

make voltage and re- 

sistance measurements 

at V602 and V607 (fig. 

223). 

Check switch S606D 

and R1617. 

. Check C607 and R682. 
a. If normal, proceed with 

c below. 

. If abnormal, proceed as 

follows: 

(1) Check V612 and. 

V620, make volt- 

age and _ resist- 

ance measure- 

ments at V612 

and V620 (fig. 

220)4 

(2) Check C659 and 

C660. 

. Check V619, make volt- 

age and resistance meas- 

urements at V619 (fig. 

223). 



Step Test point Test equipment Radar set controls Normal indications Corrective measures 

35. | A-scope V625 (fig. 

057): 

Section Ill. 

IMEUILCIT GC ber eee ee sek | eee a. Turn system POWER 

switch $602 to OFF. 

(1) Remove the 

A-scope tube 

socket and check 

the filament cir- 

cuit. 

(2) If continuity is 

not present re- 

place the A scope 
(TM 11-1167- 

20). 

(3) If continuity is 

present reconnect 

the A-scope 

socket. 

b. Check the voltages and 

resistance at V625 (fig. 

D2a)e 

REMOVAL AND REPLACEMENT OF PARTS 
IN INDICATING SYSTEM 

Warning: Extremely dangerous voltages exist in Azimuth-Range Indicator IP-141/TPS-1D. 
When removing and replacing parts in this component, be careful of the high voltage. 

360. Removal and Replacement of Ppi- and 
A-Scope Tubes 

The procedures for removal and replacement 

of the ppi- and A-scope tubes are covered in 

paragraph 37, TM 11-1167-20. 

361. Removal and Replacement of Sub- 
assemblies Z607 and Z608 

The removal and replacement of parts from 

Subassembly Z607 or Z608 are performed as 
follows: 

a. Disconnect the flexible shaft from the 
subassembly. 

Section IV. 

363. General 

a. This section covers the adjustment of the 
indicating system. These adjustments are the 
same whether the components are on the bench 
or interconnected with the other components 
of the radar set. 

b. The following adjustments are given in 

TM 11-1167-20: 

(1) Adjustment of intensity (par. 12). 

INDICATING 

b. Remove the retaining nut from the mount- 

ing bushing. 

c. Unsolder and tag the wires leading from 

the subassembly to the chassis. 

d. Reverse the procedure to replace the sub- 

assembly. 

362. Removal and Replacement of Parts in 
Ppi-Deflection Coil Assembly 

Procedures for removal and replacement of 

parts in the ppi-deflection coil assembly are 

covered in chapter 23. 

SYSTEM ADJUSTMENTS 

(2) Adjustment of focus (par. 12). 

(3) Adjustment of centering (par. 12). 

(4) Adjustment of AZIMUTH control 

(par, 15). 

c. The following adjustments are given in 

this section: 

(1) Adjustment of the fixed range marker 

circuits (par. 365). 
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(2) Adjustment of the ppi-scope sweeps 

(par. 366). 

(3) Adjustment of the A-scope sweeps 

(par. 367). 

(4) Adjustment of the strobe circuits 

(par. 368). 

d. Before making the adjustments in para- 

graphs 365 through 368 make the following 

checks: 
(1) On the power supply (fig. 173) check 

the VOLTMETER for a reading of 

110 to 120 volts and LINE FRE- 

QUENCY meter for a reading of 384 

to 416 cycles. 

(2) Check the voltages to ground at TP611 

(—430 volts de +10 percent) and 

TP612 (+300 volts dec +10 percent). 

Refer to figure 156. 

(3) Adjust R433 (fig. 178) for 300 volts 

de at Z603. 

(4) Check the voltage at Z604. It should 

be approximately +450 volts de (un- 

regulated). 

(5) Check the voltage at Z602. 

be —150 volts de. 

It should 

364. Test Equipment Required 

The following items of test equipment are 

required to completely adjust the indicating 

system. 

Test equipment Common name Oh gees 

Multimeter TS-352B/U, or | Multimeter___---- 11-5527A 

ME-77/U. 

Oscilloscope AN /USM-24C, | Oscilloscope_-----} 11-5103 

or AN/USM-S0. 11-5129 

Range Calibrator TS-573/U_| Range calibrator_| 11-1228 

365. Adjustment of Fixed Range Marker 
Circuits 

a. MARKER GATE R691 (fig. 148) sets the 

length of the marker gate. If R691 is set for 

too short a gate length, one or more markers 

will be missing on the far end of the A-scope 

and ppi-scope traces when the ranges are set at 

160 miles. If R691 is set for too long a gate, 

the markers will jitter or appear to be blurred. 

To adjust R691, proceed as follows: 

(1) Turn A-scope VIDEO GAIN control 

R683 fully counterclockwise to remove 

video signals. 
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(2) Set the A RANGE SELECTOR 
switch to the 160-mile position and 

the RANGE MARKS MILES switch 

tO.CE roo es 
(8) Unlock and turn R691 counterclock- 

wise until the effective position of 

R691 is observed by the progressive 

elimination of markers on the right 

end of the A-scope sweep trace. 

(4) Turn R691 clockwise to a position 

slightly beyond the 160-mile range 

point of the sweep trace, as deter- 

mined by the reappearing range 

marks. 

(5) Lock R691. 
Note. If it is impossible to obtain the 

adjustment as given, check the waveform 

at TP605 (fig. 151) and check V614 and the 

voltage and resistance measurements at the 

tube socket of V614 (fig. 228). 

b. Marker calibration control Z601 is used 

to adjust the fixed markers. The equipment is 
shipped with Z601 adjusted to produce 10,000- 

yard markers, which are approximately equal 

to markers with a 5-nautical-mile spacing. 

Actually, this initial adjustment represents a 

—2 percent error when the markers are in- 

terpreted in nautical miles. 
(1) Adjustment of Z601 is necessary if 

the measured range of objects is not 
within the allowable tolerance, or if 

nautical-mile measurements are to be 

used and it is desired to eliminate the 

—2 percent error of the initial factory 

adjustment. . 
(2) Theallowable tolerance is + (.03R+K). 

If the range is measured in nautical 
miles, R is in miles and K is equal to 
1 mile. If the range is measured in 
yards, R is in yards and K is equal 

to 2,000 yards. If the range is 10 
miles, the allowable range error is 
+(.03 <x 10+1) miles, or +1.3 miles. 
If measurements are made in yards, 

the allowable range error is +2,600 

yards at a range of 20,000 yards. 

(3) If recalibration is contemplated be- 
cause of range errors, first determine, 

if possible, whether or not the error 
is approximately a fixed amount at all 

ranges. If it is, the range marker 
calibration is quite likely to be correct, 

but a defect in triggering the marker 
oscillator exists. In this event, check 



the waveform (H, fig. 221) at TP605 
(fig. 151). If the waveform at TP605 

is abnormal, troubleshoot 16-ke gated 

oscillator V614. 

c. To adjust Z601 with oscilloscope proceed 
as follows: 

Note. For greater accuracy proceed with d below. 

(1) Adjust MARKER GATE control, 

R691, to give a 2,000-microsecond 

gate as observed at TP605. 

(2) Observe the signal at TP606 and ad- 
just Z601 to give 3214 to 3234 oscil- 
lations (fig. 161). 

Note. This sets Z601 to 16.39 ke to 

furnish triggers for the 5-mile blocking 

oscillator at 61-microsecond intervals. 

331 lOOV T 

125V 
ae 

324, 10.32% CYCLES 
TMII67-35-240 

Figure 161. Gated oscillator waveform, 16-ke. 

d. To adjust Z601 with the range calibrator 

proceed as follows: 

(1) Interconnect the range calibrator and 

indicating system as shown in figure 

162. The connections and adjustments 

are the same whether the indicating 

system is on the bench (fig. 163) or 

interconnected with the other com- 

ponents of the radar set. 
(2) Set the range calibrator for the fol- 

lowing conditions: 

(a) Turn on the power and adjust the 

range calibrator power input switch 

according to the amplitude of the 

input line voltage. 

(b) Positive output strobe. 

(c) Positive external sync from the ra- 

dar set. 

POWER SUPPLY 
PP-674/TPS-ID 

RANGE CALIBRATOR 

INPUT 
TRIGGER 
LOZ 

RF TRANSMISSION 
LINE CABLE WIOO3 

(SEE NOTE) OUTPUT 
TRIGGER 

S Ty TO RPPI 
414 

ADAPTER —__, 
(SEE NOTE) 

115V, 50-1000 
ELECTRICAL 

POWER CABLE 
ASSEMBLY 

Wwiool 
(SEE NOTE) 

RF TRANSMISSION LINE CABLE WI002 
(SEE NOTE) 

NOTE: 
CABLES ARE SUPPLIED WITH RANGE CALIBRATOR 
ADAPTERS ARE SUPPLIED WITH PULSE GENERATOR. 

TMII67-35-230 

Figure 162. Interconnections between range calibrator 

and indicating system. 

(d) Output amplitude adjusted for a 

pip of about the same size as the 

range marks on the A scope. 

(3) Adjust the range calibrator for a 

strobe range of 40,000 yards and ad- 

just Z601 until the fourth 5-mile 

marker coincides with the range cali- 

brator marker. 

Example: Four 5-mile (or two 10- 

mile) markers equal 40,000 yards. 

Zero error of the range calibrator is 
assumed to be 240 yards. Therefore 

the range calibrator will be adjusted 
for a range strobe of 40,000 minus 

240 or 39,760 yards. Z601 will be 

adjusted until the fourth 5-mile (2d 

10-mile) marker coincides with the 

pulse from the range calibrator. 

e. Connections for 5- and 25-mile markers 
or 10-mile markers. 

(1) The link connections in the grid cir- 

cuits of the marker blocking oscilla- 

tors, V617A and V618B, can be 

connected so that V617A produces 

5-mile markers for the 20- and 40-mile 

ranges while V618B produces 25-mile 

markers for the 80- and 160-mile | 
ranges. The links also can be con- 

nected so that 10-mile markers are 

produced by both V617A and V618B 

for all ranges. 

(2) To produce 5- and 25-mile markers, 

make link connections as follows (A, 
fig. 159): 
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(a) Connect A to D. 

(b) Connect B to C. 

(c) No jumper from D to Z (R1619 

unshorted). 

(3) To produce 10-mile markers, make 

link connections as follows: 

(a) Connect A to C. 

(b) Connect B to D. 

(c) Connect D to Z (R1619 shorted). 

(4) It is necessary to adjust R1618 for 

the marker link connections in use. 

Refer to f below for adjustment of 

R1618. 

f. When 5-mile (10,000-yard) and 25-mile 
(50,000-yard) markers are in use and the 

25-mile markers are blurred or erratic, BO. 

ADJ. control R1618 (fig. 151) may require 

adjustment. When 10-mile markers are in use, 

all markers may be blurred or erratic if R1618 

requires adjustment. 

(1) Resistor R1618 should be adjusted to 

provide steady 25- or 10-mile markers, 

as the case may be. Resistor R1618 

can be adjusted to a position which 
produces steady markers, but the 

markers may have incorrect spacing. 

When using 5- and 25-mile markers, 

the spacing of 25-mile markers can be 
checked by use of the TEST position 

of the RANGE MARKS MILES 

switch and the A-scope 80- or 160- 

mile range. The 5-mile markers are 

then superimposed on the 25-mile 

markers, and thus, the 25-mile mark- 

ers can be checked against the 5-mile 

markers. 

(2) When 10-mile markers are used, the 

markers can be checked by observing 

the number of markers for each scale. 

If R1618 is correctly adjusted, there 

should be 2 markers on the 20-mile 

scale, 4 on the 40, 8 on the 80, and 16 

on the 160. 

g. Marker intensity controls R1617 and 

R1629 (fig. 148) adjust the intensity of the 

markers on the ppi scope only. The amplitude 

of the A-scope markers depend on the circuit 

values, which cause a deflection of approxi- 

mately 1 inch. Adjust R1617 or R1629 only 

when the range markers are normal on the 

A-scope. 
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(1) Resistor R1617 adjusts the marker 

intensities on the 20- and 40-mile 

scales, while R1629 adjusts the marker 

intensities on the 80- and 160-mile 

scales. This is true whether the 

marker link connections discussed in 

e, above, are connected for 5- and 25- 

mile markers or are connected for 10- 

mile markers. 

(2) To adjust R1617 and R1629, unlock 

these controls and adjust for clean-cut 

markers of moderate intensity. If 

the marker intensity is set for too 

high a level, the markers are likely to 

interfere with small images on the ppi 

scope. 

(3) If it is impossible to obtain proper 
adjustment of R1617 or R1629, check 

the control and its associated circuit, 

which includes RANGE MARKS 

MILES switch S608. 

366. Adjustment of Ppi-Sweep Circuit 

a. Adjust PPI-GATE R626 (fig. 152) and 
PPI-SWEEP LENGTH R651 (fig. 148) con- 

trols to the center of their range. 

b. Turn the A-scope and ppi-scope VIDEO 

GAIN controls to maximum ccw. 

c. Adjust the ppi-INTENSITY control (fig. 
148) until a sweep appears on the scope. 

d. Adjust the ppi-FOCUS control (fig. 148) 

until the sweep is sharp. 

e. When it is found that the ppi-INTEN- 

SITY control R659 is near either end of its 

travel when adjusted for the desired ppi illum- 
ination, COARSE INTENSITY control R660 

(fig. 154) requires adjustment. 

(1) To adjust R660 proceed as follows: 

(a) With the antenna rotating, set 

R659 to its midposition. 

(b) Unlock and adjust R660 for the 

average illumination used on the 

ppi scope. 

(2) Lock R660. 

f. To adjust the ppi-sweep centering, unlock 

and adjust R662 and R665 so that the zero- 

range end of the ppi sweep is located at a fixed 

point in the center of the screen, as viewed with 

the sweep trace rotating. 

g. If the sweep traces are short or long 

physically and yet the sweep ranges are correct 

electrically, as measured by the markers, PPI 



SWEEP LENGTH R651 (fig. 148) may require 
adjustment. 

(1) Readjustment may be required be- 
cause of a defective resistor in the 
circuit of V608, or the tube itself 

could be at fault. If considerable cor- 
rection appears necessary, check these 

components. 

(2) To adjust R651, proceed as follows: 

(a) With the antenna stopped and the 

PPI RANGE SELECTOR switch 

on the 160-mile range, unlock and 

adjust R651 so that the sweep trace 

extends to the full radius of the ppi 

scope. 

(b) Check the sweep lengths on the 20-, 

40-, and 80-mile ranges as deter- 

mined by the range markers. 

(c) If any sweep length is not more than 

14 inch short, readjust R651 for 

coverage of the shortest trace. 
Note. If more than %- inch short, 

check for the cause, using TP602 (fig. 

152) and TP603, (fig. 158) and the in- 
dicating system waveforms (H, and J, 

fig. 222). 

(d) Lock R651 when the adjustment is 

complete. 

h. If PPI-GATE control R626 is set for too 

long a gate period, erratic triggering of the 

ppi sweep trace on all ranges may result. If 

set for too short a period, the sweeps of all 

ranges will be short in both physical length and 

range length as determined by counting mark- 

ers. If considerable readjustment appears 

necessary or if frequent adjustment is required, 

check for a value change in the resistors of the 

V603 circuit. 

(1) To adjust R626 proceed as follows: 

(a) With the antenna stopped, set the 

PPI RANGE SELECTOR switch to 

the 160-mile position. 

(b) Unlock and adjust R626 so that the 

sweep extends slightly beyond 160 

miles, as measured by the markers. 
Note. If the indicator is preset for 10- 

mile markers, the sweep should extend 

slightly beyond the 16th marker. If the 

indicator is preset for 5- and 25-mile 

markers, set the sweep to extend beyond 

the 6th marker, a distance equal to half 

the spacing of the 5th and 6th markers. 

(c) Check the sweep length by markers 

on the 20-, 40-, and 80-mile ranges, 

and readjust R626 if a slight re- 

adjustment will correct any short 

sweep lengths. 
Note. If any sweep lengths are short 

by more than 5 percent, check the related 

gate length capacitor (C610 through 

C613) for leakage or change in value. 

Note that capacitors are added in parallel 

to increase the sweep range. 

(d) Lock R626. 
(2) Readjust and lock R651 at the position 

which gives a full sweep on all scales. 

367. Adjustment of A-Scope Sweep Circuit 

a. If the A-scope sweep trace is too short, 

too long, or erratic on any or all ranges, ad- 

justment of A-GATE control R1669 may be 

necessary. If it is apparent that a considerable 

amount of readjustment is necessary, check the 

V622 circuit for a defective resistor which may 

have changed value. If a component of V622 

circuit has been replaced, it is quite likely that 

R1669 will require readjustment to compensate 

for the allowable variations in component tol- 

erances. 

(1) To adjust R1669, proceed as follows: 

(a) Set the A RANGE SELECTOR 

switch to the 160-mile position, with 

the A-scope VIDEO GAIN control 

turned down so that no signals are 

present on the A-scope trace. 

(b) Unlock and adjust A SCOPE 

SWEEP LENGTH control R1676 

(fig. 148) so that the right end of 
the sweep trace can be seen. 

(c) Unlock and adjust R1669 so that 

the sweep trace extends slightly 

beyond 160 miles, as determined 

from the range markers. 

(d) Check the 20-, 40-, and 80-mile 

sweeps for adequate sweep length, 

as determined by the range markers. 

(2) If all sweeps are about the same 

length, readjust R1669 so that the 

shortest trace just covers the indicated 

range. 
Note. If one or more sweep lengths are 

more than 5 percent short, check the con- ~ 

tacts of S609C. Also check the gate length 

capacitors, C649 through C652. Note that 

these capacitors are added in parallel to 

increase gate length. 

(a) Lock R1669. 

(b) Adjust and lock A SCOPE SWEEP 

LENGTH control R1676 in a posi- 
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tion which produces a sweep trace 

length almost equal to the diameter 

of the A scope. 

b. If all sweep lengths are short physically 

but correct in range length, as measured by the 
markers, A SCOPE SWEEP LENGTH control 

R1676 may require adjustment. Also, adjust- 

ment of R1676 may be necessary if all sweep 

lengths extend beyond the face of the A-scope. 

This latter condition may be detected by count- 

ing the number of markers on each range. 

(1) When R1676 is correctly adjusted, the 

sweep traces should almost cover the 

tube diameter. If considerable read- 

justment of R1676 is required, check 

the waveform at TP610 (E, fig. 221) 

and the components of V623 and V624. 

(2) To adjust R1676, proceed as follows: 

(a) With the A-scope VIDEO GAIN 

control turned down, unlock and ad- 

just R1676 so that the shortest of 

the four range sweeps just covers 

the diameter of the A scope. (Re- 

center the trace if necessary; see ¢ 

below for procedure.) 

(b) Lock R1676 and adjust the VIDEO 

GAIN control for approximately 1 

inch of signal deflection. 

ec. Unlock the HORIZ CENTER control 

R1687 and VERT CENTER control R2601 

(fig. 148) and position the trace across the 

center of the A scope, with the left end of the 

sweep just visible at the left side of the scope. 

Lock R1687 and R2601 when the adjustment 

is complete. 

d. A-scope ASTIG control R1689 (fig. 148) 

corrects for an out-of-focus condition which 

may be present on a portion of the A scope. 

(1) Unlock and set this control for the 

best overall focus, readjusting the A- 

scope FOCUS control R1696 as re- 

quired to effect the optimum adjust- 

ment. 

(2) If R1689 requires a_ considerable 

degree of readjustment, check R1689 

and R1690 at the A scope (fig. 148 

and 159). 
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e. A-scope deflection balance control C659 

controls the electrostatic balance of the A-scope 

horizontal deflection plates in relation to the 

vertical deflection plates. If the two sets of 

deflection plates are unbalanced, the vertical 

deflection will not be at right angles to the 

baseline trace, and signals and markers will 

appear to lean. Adjust C659 as follows: 

(1) Turn A-scope VIDEO GAIN control 

R683 fully counterclockwise to re- 

move radar signals. 

Turn the RANGE MARKS MILES 

switch to ON. 

Adjust C659 so that the range marks 

are at right angles to the baseline 

trace. 

(2) 

(3) 

368. Adjustment of Range Strobe Circuit 

Determine the limits of range through 

which the strobe can be varied by RANGE 

STROBE control R1657. Adjustment is re- 

quired if the extreme strobe positions are not 

at 160 and approximately 15 miles, as deter- 

mined by the strobe marker on the ppi scope. 

a. Procedure for adjustment is as follows: 

Set the PPI RANGE SELECTOR switch 

to the 160-mile position, and the A 

RANGE SELECTOR switch to EXP. 

Turn RANGE STROBE control R1657 to 

its extreme clockwise position. 

Unlock and adjust STROBE LIM control 

R1655 so that the ppi-strobe marker 

is at 160 miles, as determined by the 

ppi markers. 

Note. If it is impossible to obtain the 

required adjustment, check the voltages 

and components of V621 (fig. 223). 

b. Lock R1655 when the adjustment is com- 

plete. 

Section V. FIELD TESTING 

369. General 

This section describes testing procedures re- 

quired to check the serviceability of a repaired 

indicating system when the components of the 
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radar set are interconnected. Testing pro- 
cedures designed to check the serviceability of 

‘ 

the complete radar set are covered in para- 

graph 448. 



370. Test Equipment Required 

The following items of test equipment are 

required to completely test the serviceability 

of the indicating system. 

Test equipment Technical mon n. 
Com BUS manual 

Multimeter TS-352B/U, or 
ME-77/U. 

Oscilloscope AN /USM-24C, 
or AN/USM-50. 

Range Calibrator TS-573/U- 

37/1. 

Multimeter_____- 11-5527A 

Oscilloscope ____- 11-5103 

11-5129 
Range calibrator_| 11-1228 

Fixed Range Markers 

a. General. The accuracy of the range 

markers is tested as follows: 

(1) 

(2) 

A calibrated range strobe is fed into 

the common video circuits of the in- 

dicating system. 

The position on the fourth 5-mile (or 

second 10-mile) marker on the A-scope 

is checked with the calibrated range 

strobe from the range calibrator. 

b. Procedure. 

(1) 

(2) 

(3) 

Interconnect the range calibrator and 

indicating system through the power 

supply as shown in figure 162. 

Turn on the power and adjust the 

range calibrator power switch accord- 

ing to the amplitude of the input line 

voltage. 

Adjust the range calibrator for the 

following conditions: 

(a) Positive output strobe. 

(6) Positive external syne from the 

radar set. 

(c) Output amplitude adjusted for a 

(4) 

(5) 

pip of about the same size as the 

range marks on the A-scope. 

Adjust the range calibrator for a 

strobe range of 40,000 yards. 

Example: Zero error of the range 

calibrator is assumed to be 240 yards. 

Therefore the range calibrator will be 

adjusted for a range strobe of 40,000 

minus 240 or 39,760 yards. 

The position of the strobe from the 

range calibrator should coincide with 

the position of the fourth 5-mile (or 

second 10-mile) marker. 

(6) 

(7) 

The allowable tolerance is 3,200 

yards. 

Disconnect the range calibrator from 

the indicating system. 

372. Visual Check of Fixed Range Markers 

a. General. The ppi scope and A-scope are 

observed for proper presentation of the 5- and 

25-mile markers. 

b. Procedure. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

Set the PPI RANGE SELECTOR 
and A RANGE SELECTOR switches 

to the 160-mile positions. 

Adjust the ppi INTENSITY control 
so that the sweep is barely visible. 

Set the RANGE MARKS MILES 
switch to ON. 

Adjust 25-10 MILE MARKER INT 

control R1629 (fig. 148) for normal 
intensity of the 25-mile markers. 

Adjust STROBE INT. control R685 

(fig. 148) for normal level. 

There should be six 25-mile markers 

on both scopes. 

Set the RANGE MARKS MILES 

switch to TEST. 

Both 5- and 25-mile markers should 

appear on the ppi scope and A-scope. 

As compared to the 25-mile markers, 

the 5-mile markers on the ppi scope 

are considerably less bright and on 

the A-scope they are lower in ampli- 

tude than the 25-mile markers. 

Each fifth 5-mile marker should coin- 

cide with a 25-mile marker. 

Set the PPI RANGE SELECTOR and 
A RANGE SELECTOR switches to 

the 80-mile positions. 

Set the RANGE MARKS MILES 
switch to ON. 

There should be three 25-mile markers 
on both scopes. 

Set the RANGE MARKS MILES 
switch to TEST. 

The markers should appear as in (8) 

and (9) above. 

Set the PPI RANGE SELECTOR and 

A RANGE SELECTOR switches to 
the 20-mile positions. 

Set the RANGE MARKS MILES 
switch to ON. 
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(17) There should be four 5-mile markers 

on each scope. 

373. Ppi Sweep Display 
a. General. 

b. Procedure. 

(1) 

(2) 

The waveforms at the test points in 

the ppi channel are checked and com- 

pared with given waveforms and tol- 

erances. 
The controls of the ppi sweep channel 

are checked for proper operation. 

The tolerances referred to in 

(1) through (6) below are found in the chart 

included in figure 222. The switch mentioned 

is PPI RANGE SELECTOR switch S606. 
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(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 

(8) 

(9) 

(10) 

(11) 

Set switch S606 to the 40-mile posi- 

tion. 

Check the waveform at TP601 (fig. 

152), the waveform should conform 

with D, figure 222 and the tolerances 

for the 40-mile position of the switch. 

Set the switch in the 20-mile position. 

The width of the waveform at TP601 

should be within the tolerances for 

the 20-mile position of the switch. 

Set the switch in the 80-mile position. 

The width of the waveform at TP601 

should be within the tolerances for 

the 80-mile position of the switch. 

Set the switch in the 160-mile posi- 

tion. The width of the waveform at 

TP601 should be within the tolerances 

for the 160-mile position of the switch. 

Set the switch in the 40-mile position. 

The waveform at TP602 should con- 

form with the normal waveform given 

in J, figure 222. 

The waveform at TP603 should con- 

form with the normal waveform given 

in H, figure 222. 

Adjustment of PPI CENTERING 

controls R662 and R665 (fig. 148) 

should center the beginning of the 

sweep. 

The ppi FOCUS and INTENSITY 

controls R671 and R659 (fig. 148) 

should rotate freely and the INTEN- 

SITY control should increase the in- 

tensity when it is rotated in a clock- 

wise direction. 

The ppi FOCUS control should cause 

a sharp sweep trace to appear at ap- 

proximately midrange, so that the 

(12) 

sweep can be defocused on either side 
of focus position. 

Adjustment of COARSE INTEN- 

SITY control R660 (fig. 154) should 
allow ppi INTENSITY control R659 
to be adjustable from a position which 

results in a barely visible pattern to a 

position which results in a bright pat- 

tern. 

374. A-Scope Sweep Display 
a. General. 

(1) 

(2) 

b. Procedure. 

The waveforms at the test points in 

the A-sweep display circuits are 

checked and compared with given 

waveforms. 

The controls of the A-sweep display 

circuits are checked for proper opera- 

tion. 

The tolerances referred to in 

(1) through (6) below are found in the chart 

in figure 221. The switch mentioned is A 

RANGE SELECTOR switch S609. 

(1) 
(2) 

(3) 

(4) 

(5) 

(6) 
(7) 

(8) 

(9) 

Set the switch in the 40-mile position. 

Check the waveform at TP609 (fig. 

152). The waveform should conform 

with B, figure 221 and the tolerances 

for the 40-mile position of the switch. 

Set the switch in the 20-mile position. 

The width of the waveform at TP609 

should be within the tolerances for the 

20-mile position of the switch. 

Set the switch in the 80-mile position. 
The width of the waveform at TP609 

should be within the tolerances for 

the 80-mile position of the switch. 

Set the switch in the 160-mile posi- 
tion. The width of the waveform at 

TP609 should be within the tolerances . 

for the 160-mile position of the switch. 

Set the switch in the 40-mile position. 
The waveform at TP610 should con- 

form with the normal waveform 
given in E, figure 221. 

A-scope FOCUS control R1696 (fig. 

148) should rotate freely and cause 

a sharp sweep trace to appear at ap- 

proximately midrange, so that the 

sweep can be defocused on either side 

of focus position. 

A-scope INTENSITY control R1693 

should rotate and increase function in 

the clockwise direction. Control 



R1693 should be adjustable from just 

below sweep visibility to a bloom. 

375. Strobe Channel 

a. General. 

(1) The waveforms at the test points in 

the strobe channel and the A-gate 

multivibrator are checked against 

given standards. 

(2) The adjustment of the strobe control 

is checked for proper operation. 

b. Procedure. 

(1) Set the A RANGE SELECTOR 

switch S609 to the EXP position. 

(2) Turn RANGE STROBE control 

R1657 fully clockwise. 

(3) The waveform at TP604 (fig. 152) 

should be a differentiated wave of 20 

to 30 volts peak (positive portion) 

and should conform to M, figure 221. 

(4) Set PPI RANGE SELECTOR switch 

S606 to the 160-mile position. 
(5) The RANGE STROBE control should 

be capable of moving the range strobe 

from 160 miles to approximately 15 

miles. 

(6) Observe the waveform at TP609 (fig. 

152). The waveform should be a 

positive square wave 25 to 40 volts 

in amplitude, and 125 to 140 micro- 

seconds in duration. 

376. Video Channel 

a. General. A pulse generator is used to 

apply a signal to the video channel 

and the ppi- and A-scopes are ob- 

served for proper presentation. 

b. Procedure. 

(1) Set system POWER switch S602 to 

OFF. 
(2) Unsolder the wire between C627 and 

the junction of R680 and R681 (Panel 

A, fig. 159). 

(3) Connect the pulse generator to the 

indicating system as-shown in figure 

163. 
(4) Set the system POWER switch to ON. 

(5) Turn on the pulse generator. 

(6) Adjust the pulse generator for a pulse 

rate of 400 pulses per second. 
(7) Set the pulse generator for a positive 

output sync pulse. 

(8) Adjust the pulse generator for a posi- 

tive delayed output pulse of 2 volts 

and 2-microsecond duration. 

(9) Observe the video pulse on the A 

scope and adjust the A-scope VIDEO 

GAIN control so that the amplitude 

of the signal barely reaches limit level. 

The VIDEO GAIN control should not 

be more than 90 percent of its maxi- 

mum clockwise position. 

(10) The ppi VIDEO GAIN control should 

be capable of adjusting the spot on 

the ppi scope to proper brilliance. 

(11) Increase the input pulse width from 

the pulse generator to 10 micro- 

seconds. 

(12) Set the ANTIJAM switch to ON. 
(13) Observe the vertical deflection on the 

A-scope. The vertical deflection 

should appear as a differentiated sig- 

nal with no negative overshoot. 

(14) Disconnect Cord CG-—409/U from 

J415 and connect it to J417 (fig. 163). 

(15) Adjust the pulse generator for a posi- 

tive 5-volt pulse of 1-microsecond 

duration. 

(16) The IFF VIDEO control R610 (fig. 

148) should be capable of adjusting 

the spot on the ppi sweep to proper 

brilliance. 

(17) Set the system POWER switch to 

OFF. 

(18) Disconnect the pulse generator. 

(19) Resolder the wire between C627 and 

the junction of R680 and R681 (Panel 

A, fig. 159). 

377. Synchronization of Ppi Sweep With 
Antenna 

The synchro transmitter and 24-speed syn- 

chro components necessary to mechanically ro- 

tate the ppi deflection yoke in synchronism with 

the antenna are part of the antenna positioning 

system. 

a. If the ppi sweep rotates smoothly, but 

there is a constant error between the position | 

of the antenna and the ppi sweep, adjust the 

AZIMUTH control on the front panel of the 

indicator following the procedure in paragraph 

15, TM 11-—1167-20. 
b. If the ppi sweep rotates erratically or 

does not rotate at all, troubleshoot the antenna 

positioning system (par. 3938, symptom 8). 
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Section VI. 

378. General 

The following information will be helpful 

when bench servicing the indicating system. 

Location 

Description 

Fig. Par. 

Indicating system, complete block 

diagram. 

Azimuth-Range Indicator IP-141/ 

TPS-1D, complete schematic dia- 

gram. 

Location of parts in indicating system. 

Azimuth-Range Indicator JP-141/ 

TPS-1D, location of parts and 

adjustments. 

Azimuth-Range Indicator IP-141/ 

TPS-1D, resistor and capacitor 

panels. 

Azimuth-Range Indicator IP-141/ 

TPS-1D, voltage and resistance 

measurements at tube sockets. 

De resistance of indicating system 

transformers, coils, and filters. 

Azimuth-Range Indicator IP-141/ 

TPS-1D, ppi sweep and range 

strobe circuits, waveforms. 

Azimuth-Range Indicator JP-141/ 

TPS-1D, A-sweep and fixed range 

marker circuits, waveforms. 

Indicating system fuses. 

224 

148-158 

159 and 160 

223 

221 

351 

379. Test Equipment Required 

The following items of test equipment, cables, 

and adapters are required to bench service the 

circuits in Azimuth-Range Indicator IP-141/ 

TPS-1D. 

Technical 
Test equipment Common name manual 

Multimeter TS-352B/U, | Multimeter______ 11-5527A. 
or ME-77/U. 

Oscilloscope AN/USM-— | Oscilloscope__-___- 11-5103 

24C, or AN/USM-50. 11-5129 
Pulse Generator Set AN/ | Pulse generator__| 11-1177. 

UPM-15. 

Electron Tube Test Set | Tube tester_____- 11-5083. 

TV-7B/U. 

Range Calibrator TS-— | Range calibrator_| 11-1228. 

537/UP. 

Motor Generator PU- | Motor generator__| 11-978. 

20B/C. 

Power Supply PP-674/ | Power supply__--| This manual. 

TPS-1D. 
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Technical 
Test equipment Common name manual 

Electrical Special Pur- | None__-______-- 11-1167-10 

pose Cable Assembly (W4). 

CX-1999/U. 
Electrical Power Cable | None__.__--_--- 11-1167-10 

Assembly CX-1997/U. (W15). 

Cord CG-409/U______-- None sai 11-1177. 

Cord CG=521A/U2-22 22 Nonezter ae 2s 11-1177. 

Adapter UG-273/U - - --- Adapters.) sae 1I-V177; 

Resistor, 7,500-ohm 10- | None. 

watt. 

Resistor, 10-ohm 200- | None. 

watt. 

380. Bench Servicing Connections for Azi- 
muth-Range Indicator IP—141/TPS—1D 

a. Disconnect all the cables that are con- 

nected to the indicator. 

b. Release the 16 captive screws on the front 

panel of the indicator and remove the chassis 

from its case. 

c. Place the chassis on a suitable work area 

about 5 feet from the dust cover. 

d. Install the following parts on E401 (fig. 

179) of Power Supply PP-674/TPS-1D: 
(1) Install a jumper between terminals 

1603 and 2003. 

(2) Install a 7,500-ohm 10-watt resistor 

between terminals 6A and 01. 

(8) Install a 10-ohm 200-watt resistor be- 

tween terminals 8A and 01. 

e. Connect the indicator to the power supply 
and the pulse generator as shown in figure 163. 

f. Disconnect the wire between C627 and the 

junction of R680 and R681. 

g. Disable interlock 8603 (fig. 158) by pull- 
ing outward on the interlock pin after centering 

the pin in its bracket. 

h. When the connections are made as shown 

in figure 163 the results are as follows: 

(1) The triggering pulse and video pulse 

are obtained from the pulse generator. 
(2) The RADIATE buttons on the indi- 

cator are not used. 

381. Bench Troubleshooting Azimuth-Range — 
Indicator IP—141/TPS—1D 

a. Connect the indicator for bench servicing 
(par. 380). 

b. Turn system POWER switch S602 to ON. 

c. Turn on the pulse generator. 



DETAIL A 

Te be 

CONNECTIONS 
FOR l1I5V 

UG UES 

te 

CONNECTIONS 
FOR 230V 

T4 

POWER SUPPLY 
PP-674/TPS-ID 

POWER IN 
SYSTEM 

J405 

ELECTRICAL POWER 
CABLE ASSEMBLY 
CX-3640/U 

TO SIG 
COMP 

J415 

ADAPTER 
UG-273/U MOTOR GENERATOR LFF 

VID PPI 
J417 

SEE 
DETAIL AY? e 

J407 

115 OR 230V 
60 CPS 

PANEL A 

(E628) 

GROUND LEAD 

AZIMUTH-RANGE 
INDICATOR 

IP-141/TPS-ID 

ELECTRICAL 
SPECIAL PURPOSE 
CABLE ASSEMBLY 
CX-1999/U 

CORD 
CG-521A/U 

CORD CG-409/U 

PULSE 
GENERATOR © 

OUTPUT 

PULSE GENERATOR 
POWER CABLE CX-337/U 

15V 
50-1000 TMII67-35-229 

Figure 168. Azimuth-Range Indicator IP-141/TPS-1D, bench servicing connections. 

d. Adjust the pulse generator for a pulse rate 

of 400 pulses per second. 

e. Set the pulse generator for a positive out- 
put sync pulse. 

f. Adjust the pulse generator for a positive 

delayed output pulse of 2 volts and 2-micro- 

second duration. 

g. Follow the procedures in paragraph 359 

with the following exceptions: 

(1) Neither the transmitter pulse nor 

grass will be seen on the test oscillo- 

scope and A scope, but the delayed 

pulse mentioned in f above will be seen 

(par. 359, steps 12 and 18). 

(2) Disconnect Cord CG—409/U from 

J415 and connect it to J417 (fig. 163) 

in paragraph 359, step 19. 

(3) Adjust the pulse generator for a posi- 

tive 5-volt pulse of 1-microsecond 

duration. 

(4) Resolder the wire between C627 and 

the junction of R680 and R681 (Panel 

A, fig. 159). 

h. Remove the jumper and the 10-ohm and 
7,500-ohm resistors from E401 (fig. 179). 

382. Bench Adjustment of Azimuth-Range 
Indicator IP—141/TPS—1D 

The indicator can be completely adjusted 

when connected for bench servicing (par. 380). 

The following chart lists the adjustments that 

are required to completely aline the indicator 

and references the paragraphs that contain de- 

tailed step-by-step directions for making each 

adjustment. 

Adjustment Procedure 

Fixed range marker circuits____________- Par. 365. 

Ppi-sweep-cireuita, 222. -ehew ee Par. 366. 

A-sWeep CITCUNB.)..cc 1, euaeanhakeceeeee Par. 367. 

Range strobe circuits......._......-.-.-. Par. 368. 

383. Bench Testing of Azimuth-Range Indi- 
cator IP—141/TPS—1D 

To bench test the serviceability of the re- 

paired indicator, connect the indicator for 

bench servicing (par. 380) and follow the pro- 

cedures in paragraphs 371 through 377. This 

procedure includes checking the fixed range 
markers, ppi-sweep channel, A-sweep channel, 

strobe channel and video channel. 
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CHAPTER 17 

ANTENNA POSITIONING SYSTEM TROUBLESHOOTING AND REPAIR 

Section I. 

384. Reference Data 

The following information will be helpful 

when troubleshooting or repairing the antenna 

positioning system. 

Reference Data 

Pars. 143-154______- 

Figs. 80-89________- 

164-168. 

Antenna positioning system, block 

diagram. 

Antenna positioning system theory. 

Antenna positioning system circuits, 

simplified schematic diagrams. 

Antenna Base AB-221/TPS-1D, 

schematic diagram. 

Synchro components, composite sche- 

matic diagram. 

Antenna positioning system, compos- 

ite schematic diagram. 

Antenna drive assembly, exploded 

view. 

Antenna servo amplifier, voltage and 

resistance measurements at tube 

sockets. 

Location of parts and adjustments. 

Antenna positioning system, controls 

and adjustments. 

Antenna positioning system fuses. 

Normal indications at test points. 

De resistance of inductive compo- 

nents. 

385. Location of Parts in Antenna Position- 

ing System 

Antenna positioning system parts are lo- 

cated in either Antenna Base AB-221/TPS-1D 

or in Azimuth-Range Indicator IP-141/ 

TPS-1D. The location of the parts in the 

antenna base is shown in figures 164 through 

168. To locate parts that are in the indicator, 

refer to paragraph 349. 
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386. Antenna Positioning Systems Controls 
and Adjustments 

The charts (a and b below) list the controls 

and adjustments that are functionally part of 

the antenna positioning system. 

a. Antenna Base AB-221/TPS-1D. 

Se eset Cn Funetion 

Voltage feed-back 164 | Determines the amount of 

adjustment R707. voltage that is fed back to 

the grid of control tube 

V703A. 

Current feed-back 164 | Determines the amount of 
adjustment R710. current feed-back voltage 

that is introduced into the 

feed-back circuit. Proper 

adjustment is for no oscil- 

lation or hunting at low 

speeds. 

Overload adjust- 164 | Determines the bias on 

ment R717. sustained overload tube 

V706. When properly ad- 

justed, the bias on V706 

is about 80 volts. 

Thyratron bias 164 | Determines the bias on 

control R721. control rectifier tubes 

V701 and V702. The prop- 

er adjustment is for no 

thyratron ionization when 

the ANTENNA ROTATE 

control is set at 0 rpm. 

Safety switch S753 - - 167 | Disables antenna drive sys- 

tem by opening the 115- 

volt supply to thyratron 

plate transformer T704. 

Reduces shock hazard by 

disconnecting the 115-volt 

supply from the rotors of 

B752 and B753 and the 

heater circuits. 
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Figure 164. Antenna servo amplifier, bottom view. 
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Figure 165. Antenna servo amplifier, top view. 
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Figure 167. 
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Figure 168. Antenna drive assembly, rear view. 
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b. Azimuth-Range Indicator IP-141/TPS- 
1D (fig. 158). 

Control or adjustment Function 

ANTENNA ROTATE control R609__| Controls the speed 

and direction of 

rotation of the an- 

tenna. Operates a 

relay to control 

the direction and 

adjusts the bias on 

control tube V703 

A to determine 

the speed. 

Adjusts the range of 

control available 

with ANTENNA 

ROTATE control 

R609. 

ANTENNA SPEED R2619________-_- 

387. Antenna Positioning System Fuses 

The fuses that protect the antenna position- 

ing system are located in Power Supply PP- 

674/TPS-1D. For troubleshooting involving 

blown fuses, refer to paragraph 210. 

388. Normal Indications at Antenna Posi- 

tioning System Test Points 
(fig. 165) 

The following chart lists the test points that 

are provided to test the operation of circuits in 

the antenna positioning system and gives the 

normal indication at each test point. 

fay Normal indication 

TP701 | Zero voltage when ANTENNA ROTATE control 

R609 is at 0 rpm. Voltage should be increasingly 

positive as R609 is turned in either direction. 

TP702 | Maximum of +60 to +70 volts for normal opera- 

tion. Maximum voltage for an overload condi- 

tion should be +80 volts. 

Section Il. 

390. General 

Troubles that have been sectionalized to the 

antenna positioning system usually can be iso- 

lated by following a procedure based on symp- 
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389. Dc Resistance of Inductive Components 
in Antenna Positioning System 

The following chart lists the transformers, 

relays, and motors in the antenna positioning 

system, references a figure that shows the loca- 

tion of each, and gives the dc resistance of every 

winding. 

Jznetommer, | deeaton | Terminal 

17) tess ee 165:) 3-4 eee 240 

Ki(02 22a ee 165; |23=0 eee ee 240 

426 5S ke ee (7) 

e703) Soe Ses eae 165 [33-4232 ee 4,000 

(04 ete ize ee 164. |; 9=10 32 ee 230 

05 te ee ae 165°). 3-4) eee 400 

EIN Q Vitara ate 165>|\ 1-222 eee 145 

a ee et 1,000 

TO2S are eee 165) 1222 eee 1.6 

223 mee eaeeecta (4) 

45h eee (2) 

6-7 too eee (1) 

8-95.22 O38 tee (1) 

1}e Le see (*) 

T7032 see eee oe 165°) 1-222 eee (4) 

3-435 2% 2. ae (4) 

51 eee 630 

7 4 ie er 165; [S122 2 eee (4) 

3-6. eee Ths: 

BiOl See 167 | Red to yellow___ 180 

BiO2Sste ee eee 166 | Orn-yel (62A) to 32 

red (302) 

Blk (903) to red 55 

(302) 

Bijlieee oa eee 167 | Armature______- 3.66 

Field eee 119 

Bio 2EaE 2S ake Oe eae SL toiS22ee2e—8 1 

S1\tois3. ee 1 

S20 Noses ae 1 

Rito R2R = 1.5 

BUD s aie vee ae 1670). Olt0 $2 2eseeee 26 

51 toi S3 Sagas 26 

S2ito Sass eee 26 

Rito R22 13.5 

BISo See 166) "3757, A to: Bae 2.3 

J757, Ato G.ss. 10.8 

J75/, Bio Gl Sia 

BG6O2 Seamer es 152) Sisto S222222—— i) 

Sito See eee 1 

S2ito S32 eee 1 

RittowR2= = 1-5 

1 Léss than 1. 

TROUBLESHOOTING CHART 

toms that localize the trouble to a channel, 

circuit, or stage. If you are not sure the trou- 

ble is in the antenna positioning system, use 

the troubleshooting chart based on starting 

——— 



procedure to sectionalize the trouble to a 

system. The symptoms that are given in para- 

graph 393 consist of indications that are ob- 

tained when the antenna is rotated or an 

attempt is made to rotate the antenna. To 
troubleshoot the antenna positioning system, 

proceed as follows: 

a. Observe the action of the antenna as the 

ANTENNA ROTATE control is turned. 

b. Compare the indications obtained with 
those listed in the Symptom column. 

c. If the indications obtained correspond to 

those listed in a particular symptom, follow the 

procedure given in that particular subpara- 
graph to isolate the trouble. 

391. Test Equipment Required to Trouble- 
shoot Antenna Positioning System 

The following items of test equipment are 
required to troubleshoot the antenna position- 

ing system: 

Test equipment Common name Daler e 

Multimeter TS-352B/U, | Multimeter______ 11-5527A. 

or ME-77/U. 

Electron Tube Test Set | Tube tester______ 11-5083. 

TV-7B/U. 

392. Preparation of System Components for 
Troubleshooting 

a. General. When the radar set is properly 

installed, the indicator and the antenna base are 
inaccessible for troubleshooting, alining, and 

field testing. The parts in the indicator that 

are functionally part of the antenna positioning 

system can be made available for servicing by 

partly withdrawing the indicator from its case. 

The antenna base consists of the servo amplifier 
and the drive assembly. The parts in the 

servo amplifier are made available for servic- 

ing by removing the chassis. The parts in the 

drive assembly are made available for servicing 

by removing the cover. 

Symptom Probable cause 

Warning: Before following the procedure 

given in b below, disable the antenna servo 

system by turning safety switch S753 (fig. 167) 

to OFF. 

b. Antenna Base. To make the antenna base 

accessible for troubleshooting, alining, and/or 

field testing, proceed as follows: 

(1) Disconnect the cables that are con- 

nected to the receptacles on the front 

panel of the servo amplifier. 

(2) Release the 10 captive screws on the 

front panel of the amplifier and re- 
move the chassis. 

(8) Place the chassis in a suitable posi- 

tion, reconnect the cables, and defeat 

the interlock (par. 207b). 
(4) Release the 17 captive screws on the 

antenna drive assembly cover and re- 

move the cover. 

c. Indicator. To make the indicator accessi- 

ble for troubleshooting, alining, and/or field 

testing, proceed as follows: 

(1) Release the 16 captive screws on the 

indicator front panel. 

(2) Withdraw the indicator from the case 

and disable interlock S603 (par. 

207b). 

393. Antenna Positioning System Symptom 
Troubleshooting Chart 

Warning: Dangerous voltages exist in the 

indicator and in the antenna base. Unexpected 

rotation of the antenna can cause bodily injury. 

1. Indicator. Troubleshoot the antenna posi- 

tioning circuits in the indicator with an ohm- 

meter and with the power off. 
2. Antenna Base. Whenever possible, check 

the antenna base circuits with safety switch 

S753 (fig. 167) in the OFF position. Perform 

all work while standing firmly on a platform 

or ladder. Do not touch any part of the an- 

tenna base that is not obviously at ground po- 

tential. Be prepared for unexpected antenna 

rotation at all times. 

Corrective measures 

1. Antenna will not rotate in 

either direction. 

Servo amplifier circuits, drive 
motor circuits, rotate control 

circuits, or relay circuits. 

Warning: Observe the precautions in the warning 

notice at the beginning of this paragraph. 

a. Observe the filaments of V701 through V706. 

(1) If all the filaments are lighted, proceed to b below. 

(2) If all the filaments are not lighted, check the 

primary of T702. 
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Symptom 
— 

370 

Probable cause Corrective measures 

b. Measure the voltage at the plate cap of V701 and 
V702. The normal reading is 310 volts ac. 

(1) If normal, proceed to c below. 

(2) If abnormal, measure the voltage between 

terminals 1 and 2 of T704. The normal reading 

is 115 volts ac. 

(a) If normal, check T703 and T704. 
(b) If abnormal, refer to troubleshooting based on 

starting procedure (par. 210). 

c. Measure the voltage between TP701 (+) and 
ground. The normal reading is 0 volt with the 

rotate control at 0 rpm, increasing to about 120 

volts at 15 rpm. 

(1) If normal, proceed to d below. 

(2) If abnormal, check the mechanical coupling to 

R609. Check the wiring from V703A pin 3 to 

R609 for a short to ground. 

d. Visually check the operation of K702. It should be 
energized when the rotate control is at 0 rpm and 

should de-energize when the control is advanced 

in either direction. 

(1) If normal, proceed to e below. 

(2) If abnormal, check and/or adjust S617 and cam 

O 1601 (par. 400). Check the wiring from K702 

to 8617 for a short to ground. 

e. Measure the voltage across C701 or C702. The 

normal reading is between 30 and 33 volts (junc- 

tion of C701 and C702 positive) when the rotate 

control is at 0 rpm. The reading should decrease as 

the rotate control is advanced in either direction. 

(1) If normal, proceed to f below. 

(2) If abnormal, check V705A, R720, R721, and the 

associated wiring. 

f. Turn off the radar set power and disconnect P702. 

(1) Measure the resistance between pin C of J702 

and ground. The normal reading is 0 ohm. 

(a) If normal, proceed to (2) below. 

(b) If abnormal, check K702 and connection from 

J702 pin C to K702 terminal 1. 

(2) Measure the resistance between pins C and D of 
P702. The normal reading is less than 1 ohm. 

(a) If normal, proceed to (3) below. 

(b) If abnormal, check conductors C and D in 

cable W12, connections between pins C and 
D of J753 and the motor, the brushes and 

armature of the motor. 

(3) Measure the resistance between pin D of J702 

and ground. The normal reading is 35K. 
Note. The meter reading will be very low when first connected but 

will increase to 35K as C709 and C710 charge. 

(a) If normal, proceed to (4) below. 

(b) If abnormal, check C709, C710, C713, K701, 

R705 through R710, and the connections 

between these parts. 

(4) Measure the resistance between pins A and B of 
P702. The normal reading is 120 ohms. 

(a) If normal, proceed to (5) below. 

(b) If abnormal, check the field of B751 and the 

connections from J702 to the field. 



. Antenna 

Symptom 

rotates clockwise 

when rotate control is turned 

either clockwise or counter- 

clockwise. 

. Antenna rotates counterclock- 
wise when rotate control is 

turned either clockwise or 

counterclockwise. 

. Antenna rotates clockwise but 

will not rotate counterclock- 

wise. 

. Antenna rotates counterclock- 

wise but will not rotate 

clockwise. 

. The antenna rotates in either 

direction but the speed is 

excessive and cannot be con- 

trolled. 

. The antenna rotates in either 

direction but the speed is 
reduced. 

8. The antenna rotates normally 

but the ppi sweep does not 
follow properly. 

Probable cause 

Antenna reversing circuit_______ 

Antenna reversing circuit_______ 

Short circuit to ground in the 

armature circuit of B751. 

Short circuit to ground in the 

armature circuit of B751. 

Control circuit defective________ 

V701 or V702 defective. Loss of 

150 volts to rotate control. 

Synchro circuits or synchro zero- 

ing circuit. 

h. 

Corrective measures 

(5) Measure the resistance between pins A and B of 

P753. The normal reading is less than 4,000 ohms. 

(a) If normal, proceed to g below. 

(b) If abnormal, check the connections between 

J702 and CR701. 
Reconnect the cable to J702 and turn on the power. 

Measure the voltage between pin 2 or 5 (+) of 

V706 and ground. The normal reading is 70 volts. 

(1) If normal, proceed to h below. 

(2) If abnormal, check R717, R722, R723, and the 

connections to E401 terminal 1A. 

Measure the voltage between Pin 8 (+) of V703B 

and ground. The normal reading is 35 volts. If 

abnormal, check R711 through R715. 

Check reversing relay K701, check and/or adjust S618 

and cam O 1606 (par. 400). Check for continuity 

between +27 volts de and ground through K701 and 

$618. 
Check S618. Check wiring between K701 and S618 for 

a short to ground. 

Check C751, K701, and the wiring between B751 and 

K701 for a short circuit to ground. 

Check C752, K701, and the wiring between B751 and 

K701 for a short circuit to ground. 

Check and/or replace V703A. Check for continuity from 

V703 pin 3 to ground. 

Observe V701 and V702 while the antenna is rotating. 

They should both be ionized. 

(1) If both are ionized, proceed to 6 below. 

(2) If either V701 or V702 is not ionized, replace it. 

Measure the voltage between TP701 (+) and ground 

as the rotate control is advanced. The normal 

reading is 0 volt at 0 rpm, increasing to 120 volts 

at 15 rpm. If abnormal, check R2619 and the 
wiring from R609 through R2619 to terminal 1A 

of E401. 

Measure the voltage between S1 and 82, S1 and 83, 

and 82 and 83 of B602, with the antenna rotating. 

The normal reading is an ac voltage that varies in 

amplitude from 0 to 90 volts as the antenna rotates. 

(1) If normal, proceed to b below. 

(2) If all three measurements indicate ac is present 

and the amplitudes are different but constant, 

check the mechanical coupling to B752. 

(3) If one or more of the measurements indicate ac 

of varying amplitude but the readings differ in 

amplitude, check the connections from B602 
through K704 to B752. Check B752. 

(4) If the S1-S2 and the S2-S3 readings indicate a 

constant 78 volts and the S1-83 reading indicates 

0 volt, check K704 and the wiring from S756 to 

K704 for a short to ground. Check and/or adjust 

$612 and $756 (pars. 398 and 399). 
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Symptom Probable cause Corrective measures 

b. Observe the worm gear on the B602 shaft while the 

antenna is rotating. The gear should be turning. 

(1) If normal, check the mechanical coupling be- 

tween the worm gear and the deflection coil. 

(2) If abnormal, check B602. 

Section Ill. 

394. General 

The antenna positioning system consists of 

most of the parts in Antenna Base AB-221/ 
TPS-1D. The parts in Azimuth-Range Indi- 

cator IP-141/TPS-1D are associated with the 

antenna rotate control mechanism and torque 

receiver synchro B602. 

Warning: Dangerous voltages exist in the 
antenna base and in the indicator. When re- 

moving and replacing parts in either of these 

components, heed the high-voltage warnings. 

395. Removal and Replacement of Parts 

a. Antenna Base AB-221/TPS-1D. The re- 

moval and replacement of tubes in the servo 

amplifier chassis are covered in TM 11—1167-20. 

The removal and replacement of all other parts 

is shown in (1) and (2) below. 

REMOVAL AND REPLACEMENT OF PARTS 

(1) Servo amplifier chassis. The servo 

amplifier chassis is mounted in the 

lower left hand corner of the antenna 

base. The parts located on both the 

top and bottom of the. chassis -are 
accessible when the chassis is re- 

moved. 

(2) Antenna drive assembly. The parts 
in the antenna drive assembly are 

accessible when the cover is removed. 

Chapter 20 in this manual covers dis- 

assembly and assembly of the antenna 

drive assembly. 

b. Azimuth-Range Indicator IP-141/TPS— 

1D. The parts in the indicator are accessible 

when it is removed from its case. Chapter 21 

covers disassembly and assembly of the antenna 

rotate control mechanism. 

Section IV. ADJUSTMENT AND ALINEMENT 

396. General 

a. This section covers the adjustment and 

alinement of the antenna positioning system 

when the components of the radar set are in- 

terconnected. These adjustments are in the 

antenna base and the indicator and can only 

be properly made when the antenna base is in- 

terconnected with the other components of the 

radar set. The complete adjustment and aline- 

ment of the radar set is covered in paragraph 

447. 

b. The following adjustments are made when 

the set is initially installed. The procedures 

are given in paragraphs 10 and 11 in TM 11- 

1167-20. 

(1) ANTENNA 

R2619. 

SPEED adjustment 
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(2) Thyratron bias control adjustment 

R721. 
(3) Voltage feed-back adjustment R707. 

(4) Current feed-back adjustment R710. | 

(5) Overload adjustment R717. 

(6) Synchro alinement B602, B752, and 

B753. 
c. Cams O 1601 and O 1606 and switches 

S617 and S618 usually require adjustment only 

if the antenna rotate mechanism is disassem- 

bled. Synchro zeroing switches S612 and S756 
require adjustment when they are replaced or 

to compensate for wear. Need for adjustment © 

of S612 or S756 will be indicated by erratic 

operation of the ppi sweep. The following ad- 
justments are covered in this section: 

(1) Synchro zeroing switch S612 (par. 

398). 



' (2) Synchro zeroing switch S756 (par. 
399). 

(3) Antenna rotate control mechanism 
(par. 400). 

397. Tools and Test Equipment Required 
The only test equipment required to adjust 

the. synchro zeroing switches is Multimeter 
TS-352B/U (or Multimeter ME-77/U). There 
are no special tools required. 

398. Adjustment of Synchro Zeroing 
Switch $612 

(fig. 169) 

a. General. Synchro zeroing switch S612 is 
connected in series with S756 in the ground re- 
turn for synchro relay K704. The adjustment 
is made so that S612 is closed for not more than 
6° of deflection coil rotation. 

b. Procedure. To adjust S612, proceed as 
follows: 

(1) 

(2) 

(3) 

(4) 

Withdraw the indicator from its case 
and connect the multimeter across 

$612 to measure low ohms. 

Rotate the deflection coil by turning 

the worm gear on indicator subassem- 

bly O 614 to position S612 roller on its 

actuating cam (fig. 169). 

Loosen the two screws securing S612, 

position the switch so that it just 

actuates (zero resistance), and tighten 

the screws. 

Determine the arc through which 

$612 is actuated by rotating the de- 

flection coil. Observe the teeth on 

bevel gear O 611 (fig. 169) to accu- 

rately determine degrees of rotation. 

The teeth on O 611 are 3° apart. The 

switch should be actuated for not more 

than 6°. 

Be eR NS =: | 

_ $612 
ROLLER 

ae se el ar aS Bi nn 
TMII67-35-182) 

Figure 169. Deflection coil mechanism. 
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(5) If the check given in (4) above shows 

the are for which S612 is actuated to 

be more than 6°, reposition $612 to 

reduce the pressure of the cam on the 

switch roller. 

(6) Repeat (4) and (5) above until S612 

is actuated for not more than 6°. 

399. Adjustment of Synchro Zeroing 
Switch $756 

(fig. 168) 

a. General. Synchro zeroing switch $756 is 

connected in series with S612 in the ground 

return of synchro relay K704. The adjustment 

is made so that S756 is actuated (opened) for 

10 to 12° of antenna rotation. 

b. Procedure. To adjust S756, proceed as 

follows: 

(1) Withdraw the indicator from its case 

and defeat the interlock. 

(2) Remove the cover from the ppi deflec- 

tion assembly (L601). 

Warning: High voltage is present 
on the slip ring terminals when the 

equipment is energized. 

(3) Disconnect the lead from tie point X 
(terminal on S612 on the end opposite 

the roller). 

(4) Connect the multimeter between the 

disconnected lead and ground to read 

27 volts de (lead is positive). 

(5) Remove the cover from the antenna 

drive assembly. 

(6) Make a preliminary adjustment of 

S756 by loosening the three screws 

securing the mounting plate, position- 

ing it in the center of the range of 

adjustment, and tightening the screws. 

(7) Turn on the radar set power. After 

the 5-minute time delay has elapsed, 

turn on the transmitter. 

(8) Rotate the antenna in small incre- 

ments until S756 actuates (voltmeter 

reads zero). 

(9) Note the exact position of the ppi 

sweep. 

(10) Continue rotating the antenna in 

small increments in the same direction 

until S756 deactuates (meter reads 

27 volts). 

(11) Note the exact position of the ppi 

sweep. The difference between this 
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position and (9) above is the are 
through which S756 is actuated. It 

should be 10 to 12° (177 to 212 mils). 

(12) If the results obtained in (8) through 

(11) above are not within limits, 

readjust S756 (move the cam toward 
the roller to increase the arc) and 

repeat (8) through (11) above. 

(13) Repeat (12) above until the results 

obtained are within limits. 

(14) Disconnect the voltmeter and recon- 

nect the wire to tie point X ((8) 

above). 

400. Adjustment of Antenna Rotate 
Control Mechanism 

(fig. 170) 

a. General. The antenna rotate control 

mechanism consists of braking switch S617, 

reversing switch S618, rotate potentiometer 

R609, the dial and pointer, and the gears, cams, 

and shafts necessary to operate these parts. 

When the mechanism is properly adjusted and 

set for 0 rpm, the conditions are as follows: 

(1) Cam O 1601 is positioned so that de- 

tent O 655 is engaged. 

(2) Braking switch S617 is positioned so 

that it is deactuated but will actuate 

if the ANTENNA ROTATE control 

is moved in either direction. 

(8) Reversing switch S618 and its cam 

(O 1606) are positioned so that S618 

is deactuated but will actuate if the 

ANTENNA ROTATE control is 

turned slightly counterclockwise. 

(4) Rotate potentiometer R609 is posi- 

tioned so that the voltage at the wiper 

arm is zero. 

b. Procedure. To adjust the antenna rotate 

control mechanism, proceed as follows: 

(1) Set the rotate control so that S618 is 

deactuated and a slight turn counter- 

clockwise will cause it to actuate. 

(2) Loosen the screw securing dial pointer 

H664 and set it to zero while holding 

the control in the position in (1) 

above. Tighten the screw. 

(3) Adjust braking cam O 1601 so that 

detent is centered in its notch and 

centered on the cam, with the dial 

reading zero. Tighten the screw. 



(4) Adjust the position of S617 so that its 

(5) 

(6) 

(7) 

roller is centered in its notch on 

O 1601 and deactuated. 

See that S617 actuates when the ro- 

tate control is turned both clockwise 

and counterclockwise. Return the 

control to 0 rpm. 

Connect the multimeter between the 

wiper contact of R609 (center of 

three) and ground to measure low 

ohms. | 

Loosen the Allen setscrew that clamps 

coupling O 1602 to R609. 

O 160! 
0 1602 

Figure 170. 

(8) 

(9) 

(10) 

Caution: When R609 is loose, there 

is considerable end play in the shaft 

that drives it. Do not allow the shaft 

to move or the cam will be off center 

under the detent. 

Insert a piece of stiff wire, to be used 

as a lever, in the hole in the shaft of 

R609. 

Adjust R609 so that the multimeter 

reads zero resistance. 

Tighten the coupling to R609 and dis- 

connect the multimeter. 

TMI167-35-183 

Antenna rotate control mechanism. 
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Section V. FIELD TESTING 

(5) Check the actual rpm by counting the } 401. General 

This section describes testing procedures re- 

quired to test the serviceability of a repaired 

antenna positioning system when the compo- 

nents of the radar set are interconnected. 

Bench testing of Antenna Base AB-221/TPS- 

1D is described in paragraph 409. Testing 

procedures designed to check the serviceability 

of the complete radar set are covered in para- 

graph 448. 

402. Test Equipment Required 

The only test equipment required to com- 

pletely test the serviceability of the antenna 

positioning system is Multimeter TS-352B/U 

(or Multimeter ME-77/U). A means of ac- 

curately tuning antenna rotation is also re- 

quired, preferably a stopwatch, but a watch or 

clock with a second hand is accurate enough. 

A piece of rope must be available to tie the 

antenna to the base. 

403. Antenna Positioning System 
Performance Test 

a. General. The performance of the antenna 

positioning system is tested as follows: 
(1) The ANTENNA ROTATE control is 

set to indicate a speed of 15 rpm. 

The actual speed is checked by count- 

ing the revolutions in 1 minute. 

The ANTENNA ROTATE control is 

set at 2 rpm and the voltage at TP702 

is checked. A fluctuating meter read- 

ing indicates hunting and that the 

system needs adjustment and/or re- 

pair. 

b. Procedure. To determine whether the 

performance of the antenna positioning system 

is acceptable, proceed as follows: 

(1) Disconnect the cables that are con- 

nected to J701 and J702 on the front 

panel of the antenna servo amplifier 

and remove the amplifier from its 

case. 
Reconnect the cables and defeat the 

interlock. 

Turn on the radar set power. 

After the 5-minute time delay has 

elapsed, set the rotate control to in- 

dicate 15 rpm. 

(2) 

(3) 

(2) 

(3) 
(4) 
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revolutions in 1 minute. It should 

be 15 plus or minus 14 rpm. 
(6) Reduce the antenna speed to 1 rpm. 
(7) Measure the voltage between TP702 

(+) and ground. It should be less 

than 10 volts and the reading must 

not fluctuate. 

404. Sustained Overload Test 

a. General. 

tained overload circuit is tested as follows: 

(1) The antenna is tied so that it cannot 

rotate. 

(2) The ANTENNA ROTATE control is 

advanced. 

(3) The voltage at TP702 is checked to 

determine whether the overload cir- 

cuit is operating properly. 

b. Procedure. To test the operation of the 
sustained overload circuit, proceed as follows: 

The performance of the sus- — 

(1) Tie the antenna to the antenna base. — 
Caution: Tie only framework to 

framework so that the antenna trying 

to rotate will not place a strain on the 

transmission line, cables, or fittings. 

(2) 

(3) 
(3)). 
Connect the multimeter between 

Prepare the radar set (par. 4030 (1)- 

TP702 (+) and ground to measure — 

250 volts de. 

(4) 

(5) 
multimeter indicates 70 volts.. 

Advance the rotate control until the 

Wait 10 seconds and then slowly ad- 

vance the control in the same direction — 
in increments that produce a 2-volt — 

change in meter reading, until the 

meter reading suddenly decreases to 

less than 5 volts. 

voltage should occur at 80 volts plus 

or minus 2 volts. _ 

Advance the rotate control to 15 rpm. 

The antenna should not try to rotate. 

Set the rotate control to 0 rpm and 

wait 5 seconds. 

(8) Advance the rotate control again and 

the antenna should try to turn. Re- 

turn the control to zero. 
(9) Disconnect the multimeter, turn off 

the radar set, and replace the ampli- 

fier. 

(6) 

(7) 

at 

The decrease in © 

tee a ee 



Section VI. 

405. General 

This section covers bench servicing of the 

antenna positioning circuits in the antenna 

base. The antenna positioning system also in- 

cludes the rotate control assembly and the 

synchro receiver in the indicator. Servicing 

the antenna positioning circuits which are in 

the indicator can be accomplished by using an 

ohmmeter with no power applied. Refer to 

paragraph 400 and antenna positioning system 
composite schematic diagram (fig. 227). The 

following information will be helpful when 
bench servicing the antenna positioning cir- 

cuits in the antenna base. 

Information Location 

Antenna Base AB-221/TPS-1D, complete | Fig. 226. 
schematic diagram. 

Antenna positioning system, composite | Fig. 227. 
schematic diagram. 

Location of parts in the antenna base- -_____ Figs. 164-168. 

Antenna servo amplifier, voltage and re- | Fig. 225. 
sistance chart. 

Controls and adjustments________________- Par. 386. 

Normal indications at test points._______-_- Par. 388. 

Resistance of transformers, coils, and re- | Par. 389. 
lays. 

Removal and replacement of parts_____-_-_- Pars. 394-395. 

406. Test Equipment Required 

The following test equipment, cables, and 

adapters are required to service Antenna Base 

AB-221/TPS-1D. The Prony brake listed is a 

device for measuring torque. If this is not 
available, the spring scale listed, together with 

the torque device shown in figure 172, is a satis- 

factory substitute. Cables CX-1997/U and 

CX-1998/U are furnished with Test Set AN/ 

MPM-23. The cable adapter must be fabri- 

cated as shown in figure 171. 

Test equipment Common name pacpiical 

Multimeter TS-352B/U, | Multimeter_____- 11-5527A. 
or ME-77/U. 

Power Supply PP-674/ | Power supply._--| This manual 
TPS-1D. (ch. 9). 

Electrical Power Cable | None_________-- 11-1250. 
Assembly CX-1997/U. 

BENCH SERVICING ANTENNA BASE 

Technical 
Test equipment Common name manual 

Electrical Power Cable | None__________- 11-1250. 

Assembly CX-1998/U. 

Cable adapter fabricated | None_________-- None 
as shown in figure 171. 

Prony brake i vs. 0 ee Wonemter mates es None. 

Spring scale (if Prony | None_____._---- None 
brake is not available). 

Motor Generator PU- 

20B/C. 

Motor generator__| 11-978. 

407. Bench Servicing Connections 

Follow the directions given in a through d 
below to connect Antenna Base AB-221/TPS- 
1D for bench servicing. 

a. Disconnect the cables that are connected 
to J751 and J753 on the antenna base. 

b. Remove the antenna drive assembly cover 

and the servo amplifier chassis. Disable the 

interlock. 

c. Make the connections in the power supply 

as shown in figure 115. If a power supply off- 

on switch is desired, replace the jumper be- 

tween terminals 1603 and 1703 on terminal 

board E401 with a single-pole, single-throw 

switch. 

d. Connect the antenna base as shown in 

figure 171. 

e. When the connections to the power supply 

and the antenna base are properly made, the 

results are as follows: 

(1) The power supply and the antenna 

base are energized when the motor 

generator is running. 

(2) The potentiometer connected between 

pins F, G, and H on P701 functions 

to control the antenna speed. 

(8) Switch S1 functions as a braking 

switch. 

(4) Switch S2 functions as a reversing 

switch. 

Caution: Reversing or braking ac- 

tion should not be applied at speeds 

greater than 1 rpm. 

(5) Switch S3 functions to actuate syn- 

chro relay K704. 
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ELECTRICAL POWER 
CABLE ASSEMBLY CX-2003/U 

ANTENNA BASE 
AB-221/TPS-ID 

J702 J7Ol 
O O 

CABLE SHOWN ABOVE 

ELECTRICAL POWER CABLE CX-1998/U 

Figure 171. 

408. Bench Troubleshooting Antenna Base 
AB—221 /TPS—1D 

a. Connect the antenna base for bench servic- 

ing (par. 407). 

b. Observe the following deviations and fol- 

low the procedures given in the symptoms trou- 

bleshooting chart (par. 393). 

(1) Operate the controls on the power 

supply that replace the rotate control 

on the indicator (fig. 171). 

(2) When a corrective measure refers to 

parts in, or connections to, the indica- 

tor, ignore that corrective measure. 

409. Bench Testing of Antenna Base 
AB-—221/TPS—1D 

To bench test the serviceability of a repaired 

antenna base, connect the antenna base for 

bench servicing (par. 407) and follow the pro- 

cedure given in a through d below. This pro- 

cedure includes testing the torque of the 

antenna mechanism, the overload circuits, the 

current feedback, and the dynamic braking. 
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POWER SUPPLY 
PP-674/TPS-ID 

POWER IN SYSTEM 

J402 J405 
© O 

CABLE ADAPTER 

ELECTRICAL 

POWER CABLE 

ASSEMBLY 

CX-3640/U 

115/230 VOLTS 

60 CYCLES 

MOTOR 

GENERATOR 

TMI167-35-184 

Antenna Base AB-221/TPS-1D, bench servicing connections. 

a. To test the torque of the antenna mech- 

anism, proceed as follows: 

(1) Insert a 0- to 10-ampere meter in the 

motor armature circuit (60A or 61A 

on E751). 

(2) Attach the Prony brake to the output 

shaft and adjust the tightness to give 

an armature current of 2.5 to 3.0 

amperes at 15 rpm of the output shaft. 
A minimum torque of 82 foot-pounds 

should be obtained in both the cw and 

cew directions. 

b. To test the overload circuits, proceed as 

follows: 
(1) Set the speed control to give an output 

shaft speed of 7 rpm. 
(2) Momentarily stall the drive motor as 

abruptly as possible by tightening the 

Prony brake. Disregarding the meter 

overshoot, the armature current 

should be between 5 and 7 amperes. 

(3) Load the antenna drive shaft with 

the Prony brake until the armature 

current is between 4.0 and 4.1 amperes 

at 7 rpm. 



4 INCH BEFORE BORING i rp 
DRILL 4 DIA HOLE AND 

va ; i " INSTALL 4 EYEBOLT 
| oe § DIA X 9" LG BOLTS THREADED !3 WITH 

x HEX NUTS AND 2” WASHERS 

i 3 FLEXIBLE BORE TO 45 DIA AND LINE Wig 

BRAKE LINING 

TORQUE DEVICE 
MAKE FROM CLEAR SPRUCE. 

ROUND ALL OUTSIDE EDGES 

AND CORNERS. PAINT WITH 

ONE COAT OD LACQUER, 

COLLAR b i Falco 

fe rE MAKE FROM 3 PLYWOOD OR 

EQUAL. PAINT WITH ONE | 
COAT 0.D. LACQUER. 

TMII67-35-185 

Figure 172. Torque device construction details. 

(4) Rotate overload adjustment R717 ccw Prony brake for 1.9 to 2.1 amperes 
in small increments until V706 ionizes. of armature current at 7.5 to 8.0 rpm. 
When V706 ionizes, the armature cur- (2) Measure the voltage between TP702 
rent should drop. (+) and ground. The voltage should 

(5) Without returning the speed control be between 60 and 70 volts. 
_ to O rpm, remove the load. 

(6) Rotate the speed control from its 

present position to 15 rpm. The an- 

tenna shaft should not rotate. 

(7) Return the speed control to 0 rpm 

d. To test the dynamic braking circuit, pro- 
ceed as follows: 

(1) Adjust the speed for 7.5 to 8.5 rpm 
with no load. 

and then advance it to 15 rpm. The (2) Ground pin C of J701 momentarily 
antenna shaft should not rotate. by throwing S1 (fig. 171) on and then 

c. To check the current feed back circuits, off. The drive motor should slow 
proceed as follows: down to almost a stop and then return 

(1) Adjust the speed control and the to its original speed. 
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CHAPTER 18 

DC POWER SUPPLY SYSTEM TROUBLESHOOTING AND REPAIR 

Section |. TROUBLESHOOTING INFORMATION 

410. Reference Data 

The following information will be helpful 

when troubleshooting or repairing the power 

supply. 

Reference Data 

Fig-0020') 5 toes Power supply PP-674/TPS-1D, 
block diagram. 

Pars. 168-174___._.- Power supply theory. 

Figs. 91-95. ....._.- Power supply circuits, simplified 

schematic diagrams. 

Fig. 233 22.22. Saree Power Supply PP-674/TPS-1D, com- 

plete schematic diagram. 

Par. 411 and Figs. | Location of parts in the power supply. 

173-180. 
Rigslslincur ete. Power Supply PP-674/TPS-1D, par- 

tial view of right side, timing relay 

adjustments. 

Fig. caogue 2s ones cee Power Supply PP-674/TPS-1D, volt- 
age and resistance chart. 

Par. 41229 eee Power supply controls and adjust- 
ments. 

Par 416. 22 oe Power Supply PP-674/TPS-1D, de 
resistance of inductive compo- 

nents. 

Par: 413-0 ee Power Supply PP-674/TPS-1D, list 
of fuses. 

Part. 4142 2: ees Normal readings on power supply 

panel meters. 

Par, Al bic 823. eee Normal indications at power supply 

test points. 

411. Location of Parts in Power Supply 

The following is a list of power supply parts 

and the figures on which these parts can be 

located. 

Reference Fig. Reference Fig. Reference Fig. 
symbol No. symbol No. symbol No. 

B401A 177 C406 176 E401 179 

B401B 177 C407 178 E403 179 

C401 176 C408 177 E404 179 

C402 176 C409 176 E405 177 

C403 176 C410 176 E406 514 

C404 176 CR401 176 E410 179 

C405 176 CR402 178 E417 175 
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Reference 
symbol 

F401 

F402 

F403 

F404 

F405 

F406 

F407 

F408 

F409 

F410 

F411 

F412 

F413 
F414 

F415 

F416 

H402 

HR401 

I 401 

I 402 

I 403 

I 404 

I 405 

I 406 

I 407 

I 408 

I 409 

I 410 

1 411 

I 412 

I 413 

I 414 

I 415 

I 416 

1 417 

J401 

J402 

J403 

J404 

J405 

J406 

J407 

J408 

J409 

J410 

J411 

J412 

J413 

Fig. 
No. 

173 

173 

173 

173 

173 

173 

173 

173 

173 

173 

173 

173 

173 

173 

173 

173 

173 

177 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

179 

174 

174 

174 

174 

174 

174 

174 

174 

174 

174 

174 

174 

174 

“TM 11-1167-10. 

Reference 
symbol 

Fig. 
No. 

174 

174 

174 

174 

174 

174 

174 

178 

178 

178 

178 

176 

176 

176 

179 

173 

173 

173 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

176 

Reference 
symbol 

Fig. 
No. 

176 

176 

178 

175 

179 

49* 

495 

49s 

498 

177 

176 

176 

176 

176 

176 

176 

176 



VOLTMETER OPERATING HOURS 6.25A LINE FREQUENCY 
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Figure 173. Power Supply PP-674/TPS-1D, fuses and meters. 
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J4il 
IFF POWER 

J404 J409 
POWER IN 115V 400 % 
HEATERS 

MAGNETRON 
TUNING JACK 
J420 

J416 
TO T/R 
75 OHMS 

J4i9 
VIDEO RPPI TO SIG COMP TO MOD TO IND TO ANT TO T/R 

75 OHMS J401 J406 J407 J403, J408 

J402 J405 J412 

TO ANT. POWER IN SYNCHRO DATA 

SYSTEM TO RPPI 

J410 
PHONE JACK 

SWITCH 
ANT BLOWER 

$401 

1FF VID PPI 
75 OHMS 

TRIGGER 
TO RPPI 

| 75 OHMS] 

‘TMII67-35-232 

Figure 174. Power Supply PP-674/TPS-1D, jacks and antenna blower switch. 

412. Power Supply Controls and 
Adjustments 

The following chart lists the controls and 

adjustments that are functional parts of the 

power supply. 

Controls and Location 
adjustments (fig. No.) Function 

+150-volt adjust- 179 | Adjusts the output voltage 

ment R416. from the +150-volt sup- 

ply. 

+300-volt adjust- 179 | Adjusts the output voltage 

ment R433. from the +300-volt sup- 
ply. 

Timing relay (K401) 178 | Adjusts the time duration of 

adjustment R443. timing relay K401. 

413. Power Supply Fuses 
(fig. 173) 

The following chart lists the fuses that pro- 

tect circuits in the power supply. The chart 

lists the rating of each fuse, the blown-fuse 

indicator that lights when the fuse is blown, 

and the circuit that each fuse protects. Fuses 
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F403, F404, F405, F407, F408, F410, F411, 

F412, and F413, located on the power supply, 

protect circuits in other systems. A complete 

list of fuses in the equipment is given in para- 

graph 207a. 

Rating 
Blown 

Fuse fuse Circuit protected 
Volts Amps _ | indicator 

F401 250 1.6 I 401 | Convenience outlet 

J409, when radi- 

ating. 

F402 250 1.6 I 402 | Main power control 
relay K402. 

F406 250 6.25 I 406 | 27-volt de supply. 

F409 250 6.25 I 409 | Power supply  fila- 
ments and blower 

motor B401 and 

power supply 

plates. 

F414 250 30.0 I 414 | Heater HR401. 

F415 250 30.0 I 415 | Heater HR401. 

F416 250 6.25 I 416 | Convenience outlet 

J409, when not 

radiating. 



414. Normal Readings of Power Supply 
Panel Meters 

(fig. 173) 

The following chart lists the meters that 
monitor the input line voltage and frequency 
to the power supply. 

Meter Function 

VOLTMETER M401 (0- to 
140-volt ac scale). 

Indicates the ac line voltage 

applied to the radar set. 

The normal reading is 

110 to 120 volts. 
LINE FREQUENCY M403 | Indicates the frequency of 

(380- to 420-cycle scale). the line voltage applied 
to the radar set. The 

normal reading is 384 to 

416 cycles. 

NOTE: 

FUSE HOLDERS FOR F40I THROUGH F4I6 
AND SPARE FUSES ARE IDENTICAL. 

415. Normal Indications at Power Supply 
Test Points 

(fig. 179) 

The following chart lists the test points that 
can be used to test the operation of circuits in 
the power supply and gives the normal indica- 
tion at each test point. 

Test point Normal indication 

TAS M4012 22 oe ee Positive 150 volts. 

4A “E40 lok eee eee Positive 300 volts. 

SA: E401: Smee: seme Positive 27 volts. 

416. Dc Resistance of Power Supply 
Inductive Components 

The following chart lists the transformers, 

coils, and relays in the power supply, refer- 

I 4it 

E417 
(NOTE) 

| 
TMII67-35-74 

Figure 175. Power Supply PP-674/TPS-1D, blown-fuse indicators. 
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R402 

R439 
(UNDER) * 

384 

R422 
(UNDER) 

R42] R425 R458 C403 R432 Die ep 

R438 

R423 

R460 

R46l 

R437 

R420 

R426 

R459 

R414 

R415 

R406 

R405 

R451 

R409 Caio R453 | R48 R416 
R403 

R407 R410 R401 R452 R419 NOT USED 
E ay S 

MI167-35-234 
nile. 

gas 

Figure 176. Power Supply PP-674/TPS-1D, location of parts, bottom view of main subchassis. 
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ences a figure that shows the location of each, 

and gives the dc resistance of every winding. 

Transformer, coil, Location De resistance 
or relay (fig. No.) | Terminals (ohms) 

i 1795) 1-9 (2) 
AG (7) 
7-8 (*) 
9-10 (4) 

11-12 (2) 
13-14 (4) 

ee a V7ou ee te? (2) 
5-7 11 

4-8 18 

9-11 200 

HR4O1 

-R450_ 

0 448 

Transformer, coil, Location De resistance 
or relay (fig. No.) Terminals (ohms) 

PAO SE oes toe eee 179 1-2 (*) 

4-5 Gy 
TAQ TEES Sees eer e LOM eee = 10 

AOD tes 18 Sh ia Os SAS etre 170 

A038 Sie cra ee See, Oe Sees Poe (7) 

VA QA 8 ee eS eae even hae AAS 18 i) SP a 4.5 

CAO] Vahey ie ee ere tee 178 10-11 45 to 75 

A) au eee eed ee 178 | X1-—X2 110 

TS AO eke ie BAAD LU ae 178 7-8 255 

AAO5 je stir phsetenstciccleeany 178 9-10 230 

1 Less than 1, 

C408 E405 

Peis lle ene 8 

Ra Tnaes Tiaee een re ae 78 teint iin 

B40IA B401B° 

TM1I167-35-235 

Figure 177. Power Supply 674/TPS-1D, location of parts, partial rear view. 
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CR402 K402 K403 C407 

K401 ~K405 R443 XV405 XV406 XV403 XV402 

TMI165-35-236 

Figure 178. Power Supply PP-674/TPS-1D, location of parts, partial top view. 
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L404 T403 T402 T401 

E404 

E403 

E410 homie 

INTERL OG! SHORTING. 

INTERLOCK 
esos R433 HIGH-VOLTAGE SHORTING 

SWITCH WARNING LIGHT 

$404 E401 R416 I 417 

TMI167-35-237 

Figure 179. Power Supply PP-674/TPS-1D, location of parts, partial top view. 

387 



388 

XV 415 XV4I6 XV414 XV417 

XV412_ 

TMI167-35-238 

Figure 180. Power Supply PP-674/TPS-1D, location of parts, partial top view. 
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Section II. 

417. General 

a. When a blown-fuse indicator (fig. 175) 
on the power supply is lighted, refer to para- 
graphs 188 and 210 to determine whether the 
trouble is in the power supply or another Ssys- 
tem. If the trouble is in the power supply, 
proceed as directed in b below. 

b. The power supply step-by-step trouble- 
shooting chart (par. 420) consists of a series 
of steps to be used in localizing troubles in 
the power supply which cannot be localized by 
other methods. To troubleshoot the power 
supply, using the step-by-step troubleshooting 
chart, proceed as follows: 

Warning: To make voltage measurements 
of circuits which operate above 500 volts, pro- 
ceed as follows: 

1. Set system POWER switch S602 to OFF. 
2. Connect the voltmeter to the circuit, mak- 

ing certain that the meter and the meter leads 
are properly insulated. 

. Defeat the interlock. 

. Set the system POWER switch to ON. 

. Observe the reading on the voltmeter. 
. Set the system POWER switch to OFF. 
. Disconnect the voltmeter. 
(1) Locate the test point given in step 1. 
(2) Connect the test equipment and set 

the controls as directed in the Test 
equipment column. 

(3) Set the controls on the radar set as 
directed in the Radar set controls col- 
umn. 

(4) Compare the indications obtained on 
the test equipment with the indica- 
tions that are given or referenced in 
the Normal indications column. 

(5) Proceed as directed in the Corrective 
measures column. 

Aa OF ® oO 

TROUBLESHOOTING CHART 

418. Test Equipment Required to Trouble- 
shoot Power Supply 

The following items of test equipment are 
required to troubleshoot the power supply: 
eo ee a 

Test equipment Common name ‘itera 

Multimeter TS-352B/U, | Multimeter______ 11-5527A. 
or ME-77/U. 

Electron Tube Test Set | Tube tester______ 11-5083. 
TV-7B/U. 

Tube Socket Adapter | Adapter kit. 
Kit MX-1258/U. 

419. Preparation of Power Supply for 

Troubleshooting 

When the power supply is located on a low 
level, troubleshooting can be facilitated by re- 
moving the power supply from its case as fol- 
lows: 

a. Loosen the captive knurled screws around 

the panel edge. 

b. Pull the power supply out of its case and 
release the chassis catches by hinging the stop 
levers out at right angles to the side of the 
chassis. 

c. Place the power supply on a table or floor 
immediately in front of its case. 

d. Use the adapter kit to facilitate tube 
socket measurements. 

e. The main subchassis may be removed 
from the power supply (par. 422) to check 
parts that are not readily accessible. 

Note. If it is not practical to troubleshoot the power 
supply with all cables interconnected, follow the proce- 
dures given in paragraphs 439 through 443 for bench 
troubleshooting. 

389 



420. Power Supply Step-by-Step Troubleshooting Chart 

Step Test point Test equipment Radar set controls Normal indications 

lis | eis eee Saal ea ae ee eee Remove fuse F403. Set | All filaments 

system POWER switch glow. Regula- 

$602 to ON. Snap IN- tor tubes do 

TERLOCK SHORT- not glow. 

ING SWITCH S404 High-voltage 

off. warning lamp 
I 417 does not 

glow. Blower 

motor B401 

operates. 

2. | Between terminal | Set the multimeter to | Snap INTERLOCK | High-voltage 

5A of E401 measure +450 volts SHORTING SWITCH warning lamp 

(fig. 179) and de. $404 on. I 417 glows. 

ground. Multimeter 

reads approx- 

imately +450 

volts de. 

3 Between terminal|) Set. the multimeter” to’|---.- 22-22 22522 —150 volts de__ 

6A of E401 and measure —150 volts de. 

ground. 

390 

Corrective measures 

a. If all indications are 

normal, proceed with 

step 2. 

. If blown-fuse indicator 

I 409 lights, set the sys- 

tem POWER switch to 
OFF and proceed with 

step 8. 

. If the blower motor is 

operating normally but 

any or all filaments do 

not glow, proceed with 

step 10. 

. If the filaments are nor- 

mal but the blower 

motor does not operate 

normally, set the system 

POWER switch to OFF 
and proceed as follows: 

(1) Check the fan 

blade; it should 
rotate freely. 

(2) Check C408. 

(3) Check the conti- 

nuity of the mo- 

tor windings be- 

tween terminals 

1603 and 1903 
and between ter- 
minals 1603 and 

302 of E401. 
. If all indications are 

normal, proceed with 

step 3. 

. If I 409 glows, proceed 

with step 11. 

. If the voltage is normal 

but I 417 does not glow, 

check I 417, R445, and 

$404. 
. If I 417 glows normally 

but the voltage is not - 

normal, proceed as fol- 

lows: 
(1) Check V404 and 

V405. Make volt- 

age and resist- 

ance measure- 
ments at V404 

and V405 (fig. 

232). 
(2) Check L401 and 

T402 (par. 416). 

. If the voltage is normal, 

proceed with step 4. 

. If the voltage is abnor- 

mal, proceed as follows: 



Test equipment 
a a ee es eee 

4 Between terminal) Same as step 3 

7A of E401 and 
ground. 

5 Between terminal] Set the multimeter to 

4A of E401 and 

ground. 

6 Between terminal] Set the multimeter to 

1A of E401 and 

ground. 

7 Between terminal] Set the multimeter to 

8A of E401 and measure +27 volts de. 

ground. 

measure +300 volts de. 

measure +150 volts de. 

Radar set controls Normal indications Corrective measures 

(1) Check V411 and 

make voltage 

and resistance 

measurements 

(fig. 232). 

(2) Check C409 and 

C410. 

(3) Check L401 (par. 

LRT 

(4) If the trouble 

is not found, 

proceed with step 

11, 

If the voltage is normal, 

proceed with step 5. 

b. If the voltage is abnor- 

mal, check V412 and 

R451. 
If the voltage is normal, 

proceed with step 6. 

b. If the voltage is abnor- 

mal, proceed as follows: 

(1) Check C402. 

(2) Check V413 and 

make the voltage 

and resistance 

measurements 

(fig. 232). 

(3) Check V414, V- 
415, V416, and 

V417 and make 

the voltage and 

resistance meas- 

urements (fig. 

232). 
If the voltage is normal, 

proceed with step 7. 

b. If the voltage is abnor- 

mal, proceed as follows: 

(1) Cheek V407, V- 

408, V409, and 

V410 and make 

the voltage and 
resistance meas- 

—150 volts de__| a. 

+300 volts de__| a. 

+150 volts de__] a. 

urements. (fig. 

232). 

(2) Check L404 (par. 

vi) 

(3) Check V401, V- 

402, and V403 

and make the 

voltage and re- - 

sistance measure- 

ments. 

+27 volts de___| If the voltage is abnormal, 

follow the procedure 

given in paragraph 211. 
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Test point Test equipment Radar set controls Normal indications 

9 

10 

392 

Disconnect T401 

from terminal 

1603 of E401 

(fig. 179). 

Reconnect T401 

to terminal 

1603 of E401. 

Remove and 

check all tubes 

in the power 

supply. 
Filaments of all 

tubes in the 
power supply 

(except V411, 

V412, and V- 

413). 

switch to ON (replace 

fuse F409). 

switch to ON. 

Multimeters: )25 0 ee las a es pee 

Set the system POWER | Blower motor 

B401 operates 

normally. 

Set the system POWER | Blower motor B- 
401 operates 

normally. 

Filaments of all 

tubes glow. 

a. 

b. 

Corrective measures 

If the blower motor 

operates normally, set 

the system POWER 

switch to OFF and 

proceed with step 9. 
If blown-fuse indicator 

I 409 lights, check C- 

408 and B401. 
If blown-fuse indicator I 

a. 

ce 

409 lights, check the 

wiring to T401. If the 
wiring is normal, re-— 

place T401. 

If no filaments glow, 

check the voltage be- 

tween terminals 1 and 2 

of T401. 

(1) If normal, replace — 

T401. 
(2) If abnormal, set 

the system 

POWER switch 

to OFF and 
check the con- 

tinuity between 

terminals 1 and 

2 of T401 and 

terminals 302 

and 1603 of E-— 

401. . 
If the filament of any 

one tube does not glow, 

replace the tube. 

. If the filament of V406_ 

does not glow, check 

the continuity between 

terminals 11 and 12 of 
T401, check the wiring 

between T401 and XV- 

406. 
If the filaments of V404 

and V405 do not glow, 
check the continuity 

between terminals 9 and 

10 of T401, check the 

wiring between T401_ 

and XV404 and XV405. 

. If the filaments of V410_ 

and V417 do not glow, — 

check the continuity 

between terminals 13 

and 14 of T401, check 
the wiring between T-— 
401 and XV410 and— 
XV417. : 

I 

‘ 
4 



OE — SC a a >a a (aE | ee 

11 Disconnect the 

wires from ter- 

minals 1A, 4A 

(both), 5A, 6A, 

7A, and 8A 

from £401 

which lead to 

the power sup- 

ply front panel. 

Terminal 5A to 

ground. 

Test equipment 

Set the multimeter to 

measure resistance. 

Set the multimeter to 

measure 550K. 

Radar set controls 

Set the system POWER 

switch to OFF. 

Set the system POWER 

switch to OFF. 

Normal indications 

Approximate re-| a. 

sistances to 

ground from 

each wire 

should be as 

follows: 

1A-3,800 

ohms. 

4A-12K., 

4A-infinity. 

5A-infinity. 

6A-7,500 

ohms. 

7A-infinity. 

8A-12 ohms. 

Approximately 

550K. 

Corrective measures 

f. If the filaments of V401, 

b. 

a. 

V402, and V403 do not 

glow, check the con- 

tinuity between termi- 

nals 7 and 8 of T401, 

check the wiring be- 

tween T401 and X V401, 

XV402, and XV403. 

. If the filaments of V- 

407, V408, V409, V414, 

V415, and V416 do not 

glow, check the con- 

tinuity between termi- 

nals 4 and 6 of T401, 

check the wiring be- 

tween T401 and XV407, 

XV408, XV409, XV- 

414, XV415, and XV- 

416. 

If any of the resistance 

readings are abnormal, 

proceed as follows: 

(1) Reconnect all 

wires to E401 

except the wire 

from which the 

abnormal _ read- 

ing was obtained. 

(2) Connect the mul- 

timeter to the 

remaining wire. 

Disconnect the 

cables from J401, 

J402, J403, J406, 

J407, and J408 

one at a time 

and in any se- 

quence until the 

multimeter read- 

ing is approxi- 

mately correct 
for the wire being 

checked. 

The last cable 

disconnected 

should lead to 

the defective sys- 

tem. 

If the resistance read- 

ings are normal, pro- 

ceed with step 12. Do 

not reconnect the wires 

to E-401. 

If the resistance is nor- 

mal, proceed with step 
13. 

(3) 

(4) 

. If the resistance is ab- 

normal, check C401, L- 

401, and T401 (par. 

AW) S 
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Test equipment Step Test point Radar set controls Normal indications Corrective measures 

13 Terminals 4A to 

pin 2 of V412. 

Set the multimeter to 

measure 222K. 

14 Terminal 7A to 

ground. 

Set the multimeter to its 

highest resistance scale. 

Set the multimeter to 

measure 413K. 

15 Terminal 1A to 

pin 2 of V412. 

Approximately | a. If the resistance is nor- 

222K. mal, proceed with step 

14. 
. If the resistance is ab- 
normal, check C406, 

V414 through V417, and 

the interconnecting wir- 

ing. 

. If the resistance is nor- 
mal, proceed with step 

ao 

Infinite resist- 

ance. 

i) 

158 

b. If the resistance is ab- 

normal, check R451, 

C409, and C410; check 

L402 and T402 (par. 
Lae 

. If the resistance is nor- 

mal, check C405, L404 

(par. 177), V401, V402, 

V403, and T402 (par. 

verge 

b. If the resistance is ab- 
normal, check C404; 

check V407 through V- 
410; make resistance 

measurements at V407 

through V410. 

Approximately 

413K. 
Q 

Section Ill. 

421. General 

All parts and subassemblies can be removed 

and replaced from the power supply after the 

main subchassis is removed from the power 

supply frame (par. 422). 

Warning: Dangerous voltages exist in the 
power supply. When removing and replacing 

parts in the power supply, set system POWER 

switch S602 to OFF and disconnect the cables 

from POWER IN HEATERS jack J404 and 

POWER IN SYSTEM jack J405 (fig. 174). 

If an interlock is disabled, avoid personal con- 

tact with all circuits. 

a. When first pulling the power supply out 

of its case, stops on each side of the chassis 

engage with the chassis 16 inches out of the 

case. To release the catches, hinge the stop 

release levers out at right angles to the side 

of the chassis. The chassis may then be re- 

moved entirely from its case. 

b. To disable interlock S402 (fig. 177), snap 

INTERLOCK SHORTING SWITCH 8404 (fig. 
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REMOVAL AND REPLACEMENT OF PARTS 

179). High-voltage warning lamp I 417 (fig. 

179) glows when the plate supply circuits are 

energized. 

422. Removal and Replacement of 
Main Subchassis 

a. Disconnect all leads to terminal boards 

E401, E403, and E404 (fig. 179). 

b. Remove the two chassis safety catches. 

c. Loosen the four subchassis securing bolts, 

withdraw the main subchassis from the power 

supply and place it on a test bench. 

d. Reverse the procedure to replace the main 

subchassis. 

423. Removal and Replacement of Relay 
Subchassis 

a. Disconnect all leads from E403 and E404 

(fig. 179). 

b. Remove the four screws from the bottom 

of the relay chassis. 

c. Reverse the procedure to replace the relay 

subchassis. 



424. Removal and Replacement of 
Blower Motor B401 

a. Disconnect the leads from E405 (fig. 177) 
which lead to the motor. 

b. Pull the leads through the grommet in 
the motor housing. 

c. Turn the power supply on its side and re- 

move the four screws which hold the motor to 

the housing. 

d. Reverse the procedure to replace the mo- 

tor. 

Section IV. ADJUSTMENTS 

425. General 

a. This section covers all of the adjustments 

in the power supply. The procedures for mak- 

ing these adjustments are the same whether 

the components are on the bench or intercon- 

nected with the other components of the radar 

set. 

b. The following adjustments are given in 
this section: 

(1) The +150-volt supply (par. 427). 

(2) The +300-volt supply (par. 428). 

(3) The timing relay (K401) period (par. 
429). 

(4) The timing relay (K401) cams (par. 

430). 

c. Before making adjustments given in para- 

graphs 427 through 430, make the following 

checks and preparations: 

(1) Loosen the eight captive panel screws 

and pull the power supply from its 

case so that the control shafts of 

R416, R433 (fig. 179), and R443 (fig. 

178) are accessible. 

(2) Snap INTERLOCK 

SWITCH S404. 

(3) Set system POWER switch S602 to 

ON, wait 5 minutes and press RADI- 

ATE button S616. 

(4) The VOLTMETER (fig. 173) should 

read between 110 and 120 volts. 

(5) The LINE FREQUENCY meter (fig. 

173) should read between 384 and 

416 cycles. 

SHORTING 

426. Test Equipment Required 

Multimeter TS-352B/U (or Multimeter ME-— 

77/U) is required for the adjustments of the 

power supply. 

427. Adjustment of + 150-Volt Supply 

a. Set the multimeter to measure +150 volts 

de. 

b. Connect the multimeter between terminal 

1A (positive) on E401 (fig. 179) and ground. 

c. Unlock and adjust R416 for a reading of 

+150 volts de. 

d. Lock R416. 

428. Adjustment of + 300-Volt Supply 

a. Set the multimeter to measure +300 volts 
de. 

b. Connect the multimeter between terminal 

4A (positive) on E401 and ground. 

c. Unlock and adjust R433 for a reading of 
+3800 volts de. 

d. Lock R433. 

429. Adjustment of Timing Relay Period 

a. Set the multimeter to measure +27 volts 
de. 

b. Set system POWER switch S602 to OFF. 

c. Connect the multimeter between terminal 
8A7 (positive) on E404 (fig. 179) and ground. 

d. Turn the system POWER switch to ON 

and time the period required for the voltage 

(+27 volts dc) to appear on the multimeter. 

e. If the period is not within 5 minutes +30 

seconds, unlock and adjust R443 (fig. 178) to 

correct the timing. Clockwise rotation of 

R443 shortens the period, and counterclockwise 

rotation lengthens the period. 

f. Follow the procedure given in subpara- 

graphs a through e above until the period is 

correct. 

g. When the period is correct, the normal 

voltage applied to the motor of the timing re- 

lay is approximately 4.5 volts de. This voltage . 

can be measured between terminal 11 (posi- 

tive) and ground on K401 (fig. 178). 

430. Adjustment of Timing Relay Cams 
(fig. 181) 

a. Removal of Relay Subchassis. To more 

readily repair, adjust, or test K401, the relay 
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subchassis can be removed from the power 

supply. 

(1) 

(2) 

(3) 

This can be done as follows: 

Disconnect all leads from E403 and 

E404 (fig. 179). 

Remove the four screws from the bot- 

tom of the relay subchassis. 
The timing relay may be energized 

and tested by interconnecting termi- 
nal 8A on E401 and E404 (fig. 179) 

and terminal 01 on E401 and E404. 

These interconnections supply +27 

volts de to K401. 
Notes. 1. Before adjusting the relay 

cams, the timing relay period should be ad- 

justed (par. 429). 
2. Switches 1, 2, and 8 (b, c, and d below) 

are the microswitches (fig. 181) actuated by 

timing relay cams 1, 2, and 3, respectively. 

3. A diagram of the terminals on timing 

relay assembly K401 and the three micro- 

switches are shown on figure 232. 

b. Adjustment of Cam 1. 

(1) 

1 Allen setscrews 5 Switch 2 
2 Cam 1 6 Cam 3 
3 Switch 1 7 Switch 3 
4 Cam 2 8 Clamping nut 

Figure 181. 
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Remove the power from K401 by dis- 
connecting the wire from terminal 

(2) 

(3) 

(4) 

(5) 

(1) 

8A of E404. 

Disconnect the wire from terminal 8 
of K401 (fig. 178). 

Rotate the cams (fig. 181) by hand 
until the actuating arm of switch 1 

just drops into the cam slot. 

Reconnect the wire to terminal 8A 

of E404. The timing relay motor 
should run for 5 seconds, then stop. 

If the time interval is wrong, adjust 
the slope of cam 1 by loosening the 

nut above the cam. 

Repeat the test until the conditions 
mentioned in (3) above are met. Do 

not replace terminal 8 of K401. 

c. Adjustment of Cam 2. 

Disconnect the wire from terminal 8A 

of E404. 

(2) Release the Allen setscrew on the 

lower part of cam 2 (fig. 181) and 

rotate the cam until its straight edge 

is about 1/16 inch to the right of the 

TMII67-35-244 

9 Actuating arm 
10 Straight edge 
11 Slope 

Power supply timing relay adjustments. 



straight edge of cam 1. Check the 

adjustment by hand-rotating the 

cams; the actuating arm of switch 2 
should drop into its slot slightly be- 

fore switch 1 arm drops into its slot. 

(8) Adjust the slope of cam 2 so that the 

slot is the same length as that of cam 

3 

(4) Hand-rotate the cams until the actu- 

ating arms of switches 1 and 2 just 

drop into their respective slots. 

(5) Set the multimeter to measure con- 

tinuity and connect it between termi- 

nals 2 and 6 of K401. 

(6) Reconnect the wire to terminal 8A of 

E404. The timing relay motor should 

run for 5 seconds, then stop. Switch 

2 should change from a_ normally 

closed to an open condition. This 

change can be checked on the multi- 

meter. 

(7) If the time interval is wrong, adjust 

the spacing of the slope. 

(8) Repeat the test until the conditions 

mentioned in (6): above are met. 

(9) Disconnect the wire from terminal 

8A of E404. 

(10) Reconnect the wire fo terminal 8 of 

K401. 

d. Adjustment of Cam 3. Adjustment of 

the time elements of cam 3 (fig. 181) is not 

very critical. 

(1) Adjust the slope of cam 8 so that the 

slot is the same length as that of cams 

1 and 2. 

(2) Release the Allen setscrew on the 

lower part of cam 8 and rotate the 

cam until its straight edge is about 

14, inch to the left of the straight 

edge of cam 1. 

(8) Set the multimeter to measure con- 

tinuity and connect it between termi- 

nals 3 and 5 of K401. 

(4) Hand-rotate the cams until the actu- 

ating arms of switches 1 and 2 just 

drop into their respective slots. 

(5) Reconnect the wire to terminal 8A of 

E404. The actuating arm of switch 

3 should drop into its slot in approxi- 

mately 10 seconds. Switch 3 should 

change from a normally closed to an 

open condition in approximately 15 

seconds. This can be checked on the 

multimeter. 

(6) If the time intervals are wrong, re- 

peat the test until the conditions men- 

tioned in (5) above are met. 

e. Test of K401 and K408 Operation. 

(1) Disconnect the wire from terminal 

8A of E404. 

(2) Set the multimeter to measure +27 

volts de. 

(3) Connect the multimeter between ter- 

minal 8A7 (positive) and 01 of E404. 

(4) Reconnect the wire to terminal 8A of 

E404, 

(5) The cams should turn smoothly. In 

10 seconds, K403 (fig. 178) should be 

heard to close. In 5 minutes, +15 

seconds, the timing relay motor should 

stop and the multimeter should read 

+27 volts de. 

(6) Repeat the test several times. 

f. Test of Interrupted Cycling Action. 

(1) Repeat the test given in e above (the 

multimeter is not necessary). After 

K403 is heard to close, remove the 

wire from terminal 8A on E404 mo- 

mentarily ; reconnect the wire. K403 

should drop out and the motor should 

complete that 5-minute cycle and pass 

by the stopping point. 

(2) Repeat the test several times. 

g. Replacement. Replace and reconnect the 

relay subchassis. 

Section V. FIELD TESTING 

431. General 
This section describes testing procedures re- 

quired to check the serviceability of a repaired 

power supply when the components of the radar 

set are interconnected. Bench testing of the 

power supply is described in paragraphs 439 

through 443. Testing procedures designed to 

check the serviceability of the complete radar 

set are covered in paragraph 448. 

432. Test Equipment Required 

The following items of test equipment are 

required to completely test the serviceability 

of the power supply: 
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Technical 
Test equipment Common name manual 

Multimeter TS-352B/U, | Multimeter__-____ 11-5527A 

or ME-77/U. 11-5562. 

Electronic Multimeter Vitvines ae eee 11-5511A. 

TS-505C/U. 

Electron Tube Test Set | Tube tester______ 11-5083. 

TV-7B/U. 

Variable Power Trans- | Variac._...-__-- 11-1250. 

former TF-171/USM. 

433. Power Supply Filament Voltage Test 

a. General. 

(1) 

(2) 

The power supply is connected to a 

115-volt ac line voltage source through 

a variable power transformer. 
The voltage outputs of the filament 

transformer are measured at the tube 

sockets and checked for proper toler- 

ances. 

b. Procedure. 

(1) 

(2) 
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Loosen the eight captive panel screws 

and pull the power supply from its 

case. Do not close INTERLOCK 

SHORTING SWITCH S404. 

Pull V403, V404, V406, V407, and 
V410 out of their sockets. 

NOTES: 
1. ANY 18 TO 22 GAGE WIRE INSULATED 

FOR 600 VOLTS CAN BE USED FOR 

INTERCONNECTIONS. 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Tube socket 
terminals 

Connect the variac and vtvm to the 

power supply as shown in figure 182 

and adjust the variac for an output 

of 115 volts. 

Set the multimeter to measure 7 volts 

ac. 
Disconnect the lead from terminal 

1603 and E401. 

Turn system POWER switch S602 to 

ON. 
Adjust the variac for a reading of 

115 volts on the ac voltmeter (fig. 

182). 

Measure the voltage between the tube 

socket terminals indicated in the fol- 

lowing chart. The voltage should be 

within the tolerance given in the 

chart. 

Terminals of E401 Voltage 
being measured (ac) 

ae 4-6__.._______] 6.3 volts +.3 volt. 

Seles 7-8. 25.2 22-24) 5 voltsee25evolte 

ape sire 9-10_______-__|] 5 volts +.25 volt. 

eds ea 11-12__________] 5 volts +.25 volt. 

eae 13-14___._...__| 6.3 volts -2.3.y0lh 

(9) 

2. THE POWER SUPPLY IS INTERCONNECTED 

WITH THE RADAR SET. 

115 VOLTS 
50 TO 400 ™ 

Replace the tubes in the power supply. 

poweR SUPPLY 
pp-674/TPS-I0 

TMI167-35-246 

Figure 182. Field testing the power supply. 



434. Power Supply Output Voltage Test 

a. General. 

(1) 

(2) 

The power supply is connected to a 

115-volt ac line voltage source through 

a variable power transformer. 

The output voltages of the power sup- 

ply are measured and checked for 

proper tolerances. 

b. Procedure. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

Connect the variac and vtvm to the 

power supply as shown in figure 182 

and disconnect the lead from terminal 

1603 of E401. 

Set R416 and R433 (fig. 176) to their 

counterclockwise positions. 

Set the multimeter to measure +200 

volts de. 

Connect the multimeter between ter- 

minals 1A (+) and 01 on E401. 

Adjust the variac for an output of 

115 volts. 

After a warmup period of 10 minutes, 

snap INTERLOCK SHORTING 

SWITCH S404, turn R416 to its clock- 

wise position and observe the reading 

on the multimeter. The voltage 

should vary from +110 volts +20 

percent to +190 volts +20 percent. 

Readjust R416 for a reading of +150 

volts. 

Set the multimeter to measure +400 

volts. 

Turn R433 to its clockwise position 

and observe the reading on the multi- 

meter. The voltage should vary from 

+115 volts +20 percent to +390 volts 

+20 percent. 

Readjust R433 for a reading of +300 

volts. 

Check the voltage between the termi- 

nals given in the following chart while 

the output of the variac is varied from 

109 to 121 volts. The voltages should 

remain within the tolerances shown 

in the chart. 

a a a 

Terminals Voltage Tolerance 

TA=Oleot HAQle2e eee. se +150 volts____- +1.5 volts. 

AA—(0 1 of HAO eee 22 oe +300 volts__--- +3 volts. 

Ry A= OO tuA() apes ee me +470 volts +47 volts. 

(unregulated) 

(UNS ECM OAM ee ee ee — 150 volts2=--- +2 volts: 

PLOUGH IDA eee a ne —150 volts___-- +2 volts. 

SA= Ol omHAQl sees see +27 volts... --- +2.8 volts. 

Ncross ©40 5) geen ne eee +245 volts_-—-_-- +24.5 volts. 

IACTOSS C400 see ees LO MGS oe +42.7 volts. 

Note. Terminal 01 is ground. Set system POWER switch S602 

to OFF and check C405 and C409 to determine the grounded ter- 

minal, then set and connect the multimeter to the capacitors before 

setting the system POWER switch to ON. 

435. Time Delay Relay (K401) Test 

a. General. The time delay relay is tested 

for proper operation by checking the voltage 

at its output terminals and timing its period 

of operation. 

b. Procedure. 

(1) Set system POWER switch S602 to 

OFF. 

(2) Set the multimeter to measure 27 

volts. 

(3) Connect the multimeter between ter- 

minal 8A7 (+) and ground. 

(4) Turn the system POWER switch to 

ON and time the period required for 

+27 volts to appear on the voltmeter. 

The period should be 5 minutes +15 

seconds. 

436. Radiate Interlock Relay (K405) Test 

a. General. The operation of relay K405 is 

checked while the voltage applied to the relay 

is varied. 

b. Procedure. 

(1) Set the system POWER switch to 

OFF. 

(2) Connect the variac and vtvm to the 

power supply as shown in figure 182 | 

and disconnect the lead from terminal 

1603 and E401. 

(3) Set the multimeter to measure +30 

volts de. 

(4) Connect the multimeter between ter- 

minals 8A11 (+) and 01 of E404. 
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(5) Set the system POWER switch to ON. 
(6) Increase the variac output until the 

multimeter reads 24 volts. Relay 
K405 should become energized at 24 
volts. 

Set the system POWER switch to 
OFF, remove the variac connections, 
and reconnect the lead to terminal 
1603 on E401. 

(7) 

437. Power Supply Interlock Circuit Test 
a. Push the power supply completely into its 

case, then pull it out of its case until it is 
stopped by the chassis safety catches. 

b. Set the system POWER switch to ON. 
c. Set the multimeter to measure 115 volts 

ac. 

d. Connect the multimeter between terminals 
1703 and 302 of E401 (fig. 179). There should 
be no voltage present. High-voltage indicator 
light I 417 should not glow. 

e. Close INTERLOCK SHORTING SWITCH 
S404. There should be 115 volts ac between 

Section VI. 

439. General 

The following information will be helpful 
when bench servicing the power supply. 

Information Location 

Power Supply PP-674/TPS-1D, com- Fig. 233. 
plete schematic diagram. 

Location of parts in the power supply__} Par. 411. 
Power Supply PP-674/TPS-1D, volt- Fig. 232. 

age and resistance chart. 
Controls and adjustments____________ Par. 412. 
Power Supply PP-674/TPS-1D, list | Par. 413. 

of fuses, 
Power supply test points_____________ Par. 415. 
De resistance of power supply induc- | Par. 416. 

tive components. 

Removal and replacement of parts Pars. 422 and 423. 

440. Test Equipment Required 
a. The following items of test equipment are 

required to troubleshoot the power supply: 

400 

terminals 1703 and 302 of E401, and high- 
voltage indicator light I 417 should glow. 

f. Open INTERLOCK SHORTING SWITCH | 
S404, release the chassis safety catches and 
pull the power supply out of its case until 
interlock switch S402 is accessible. 

g. Connect the multimeter between terminalsg 
1703 and 302 of E401. 

h. When 8402 is pushed in, 115 volts ac. 
should appear on the multimeter. 

a. Insert the power supply into its case. 

438. Additional Tests of Power Supply 
a. Blower motor B401 (fig. 177) should 

ON. 

should be checked for an accuracy of 400 cycles 
+25 cycles. 

c. The VOLTMETER (M401) should be 
checked for a full scale accuracy of +5 volts. 

d. The OPERATING HOURS meter (M402) 
should be checked for proper operation. 

BENCH SERVICING 

eee 

Test equipment Common name Leste 

Multimeter TS-352B/U, | Multimeter______ 11-5527A. 
or ME-77/U. 11-5562. 

Electronic Multimeter Vtemio soe 11-5511A. 
TS-505C/U. 

Variable Power Trans- | Variac_________. 11-1250. 
former TS-171/USM. 

Motor Generator PU- | Motor generator__| 11-978. 
20B/C. 

b. The following additional items are re- 
quired to troubleshoot the power supply: 
pile 

Item Rating 

LO-Onnr résistowfee 1 10G_ hu SILO | 200 watts. 
500-ohm, resistotes one. Jest eet 100 watts. 
2,500-ohm resistor.__.......__.____ 100 watts. 
TORT TOSIStOl oe eee ee ee 25 watts. 
¢,o00-ohin Tesistor? Of... Ae OF 10 watts. 
LOOK, resistors cath} alt adie 2 watts. 
Spat switchs. pc: hee eee melee 5 amperes. 

-—-_e—e——o—o 

i 

function when the system POWER switch is ; 

b. The LINE FREQUENCY meter (M403) . 
! 
‘ 
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441. Bench Servicing Connections 

Follow the directions given in a through f 

below to connect the power supply for bench 

servicing. 

a. Disconnect all the cables from the front 

panel of the power supply. 

b. Remove the power supply from its case 

after loosening the 8 captive panel screws. 

c. Disconnect all leads to terminal boards 

E401, E403, and £404 (fig. 179). 

d. Remove the two chassis safety catches. 

e. Loosen the four subchassis securing bolts, 

withdraw the main subchassis from the power 

supply and place it on a test bench. 

f. Remove and test all tubes from the power 

supply. Do not replace the tubes. 

g. Turn the control knob of the variac to its 

extreme counterclockwise position and connect 

the power supply as shown in figure 183. 

h. When the power supply is connected as 

shown in figure 183, the results are as follows: 

(1) Power is applied to the main sub- 

chassis of the power supply when Elec- 

trical Power Cable CX-3640/U is con- 

nected to the power source and the 

control knob on the variac is turned 

from its extreme counterclockwise po- 

sition. 

(2) Dummy load resistors are substituted 

for the normal load on the power sup- 

ply. 
(3) None of the circuits in the power sup- 

ply are supported by fuses. 

(4) The spst switch removes primary 

power from plate transformer T402 

6 el BD he 

(5) The vtvm measures the variac output. 

442. Bench Troubleshooting Power Supply 
PP—674/TPS—1D 

a. Connect the power supply for bench sery- 

icing (par. 441). 

b. Follow the procedures given in paragraph 
443. 

443. Power Supply Step-by-Step Troubleshooting Chart 

Step Test point Test equipment Radar set controls Normal indications Corrective measures 

Set the multimeter to 

measure 6.3 volts ac. 

1 Between  termi- 

nals 4 and 6 of 

T401. 

Set the spst switch to its 

open position. 
6.3 volts ac____- a. If the voltage is nor- 

mal, reduce the output 

from the variac to zero 

immediately and _ pro- 

ceed with step 2. 
Raise the output: of the |- 72... a. 22 b. If the voltage fails to 

variac slowly toward rise, reduce the output 

115 volts. from the variac to zero 

and check T401 (par. 

416). Check the inter- 

connecting wires. 
2 | Between termi- | Same as step 1_____..__- Same as step 1____-=_.-- 5 volts ac_...... a. If the voltage is nor- 

nals 7 and 8 of mal, reduce the output 
T401. from the variac to zero 

and proceed with step 3. 
b. Same as 6 in step 1. 

3 Between termi- | Same as step 1_________-_ Same as step lz bes. svoce 5 volts ac___._.- a. If the voltage is nor- 
nals 9 and 10 mal, reduce the output 
of T401. from the variac to zero 

and proceed with step 4. 
b. Same as b in step 1. 

4 Between termi- | Same as step 1_________-_ Same as step 1___..__..- 5 volts ac______- a. If the voltage is nor- 
nals 11 and 12 mal, reduce the output 
of T401. from the variac to zero 

and proceed with step 5. 

b. Same as b in step 1. 
5 Between termi- | Same as step 1_________- Same as step 1__-__2__-- 6.3 volts ac____- a. If the voltage is nor- 

nals 13 and 14 

of T401. 

402 

mal, reduce the output 

from the variae to zero 

and proceed with step 6. 
b. Same as b in step 1. 
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Step 

10 

ll 

12 

13 

14 

15 

16 

Test point Test equipment Radar set controls 

Between the ter- 

minals of C405 

(fig. 176). 

Between the ter- 

minals of C404 

(fig. 176). 

Between the ter- 

minals of C406 

(fig. 176). 

Between the ter- 

minals of C401 

(fig. 176). 

Between the ter- 

minals of C409 

(fig. 176). 

Between the ter- 

minals of C403 

(fig. 176). 

Between termi- 

nals 4 and 6 of 

T402 (fig. 176). 

Note. See paragraph 

417d. 

Between termi- 

nals 6 and 8 of 

T402. 

Between termi- 

nals 9 and 10 

of T402. 

Between  termi- 

nals 10 and 11 

of T402. 

Between  termi- 

nals 4 and 5 of 

T403 (fig. 176). 

Set the multimeter to 

measure resistance. 

Disconnect the 400-ohm 

resistor from terminal 

of E401. 

Disconnect the 1,400- 

ohm resistor from ter- 

minal 4A of E401. 

Disconnect the 10-ohm 

-resistor from terminal 

SA of E401. 

Snap the spst switch on_- 

Raise the output of the 

variac slowly toward 

115 volts. 

Set the multimeter to 

measure 580 volts ac. 

Same as step 12_______-- Snap the spst switch on-_- 

Set the multimeter to | Snap the spst switch on__- 

measure 520 volts ac. 

Same as step 14___-_---- Snap the spst switch on_- 

Set the multimeter to | Snap the spst switch on__ 

measure 38 volts ac. 

Normal indications 

Approximately 

200K. 

Approximately 

110K. 

Approximately 

5,500 ohms. 

Vtvm reads 115 

volts. 

Multimeter 

reads 580 volts 

ac. 

Same as step 12_ 

Vtvm reads 115 

volts. Mul- 

timeter reads 

520 volts ac. 

Same as step 14_ 

Vtvm reads 115 

volts. 

Corrective measures 

a. 

b. 

a. 

a 

a. 

. If normal, proceed with 

step 7. 

. If abnormal, check L- 

404 (par. 416), C405, 

R452, and R453. 
If normal, reconnect 

the 400-ohm resistor 

and proceed with step 8. 

. If abnormal, check C- 

404, R414, R415, and 

R416. 
If normal, reconnect 

the 1,400-ohm resistor 

and proceed with step 9. 
. If abnormal, check C- 

406, R429, R432, R433, 

and R462. 
If normal, 

with step 10. 

proceed 

. If abnormal, check C- 

401. Check L401 (par. 

416). 
. If normal, proceed with 

step 11. 

. If abnormal, check C- 

409, C410, R402, and 

R451. Check L402 and 

T402 (par. 416). 

. If normal, reconnect the 

10-ohm resistor and pro- 

ceed with step 12. 

. If abnormal, check C- 

403. Check L403 (par. 

416). 

If normal, snap the spst 

switch off and proceed 

with step 13. 

If abnormal, check T- 

402 (par. 416). 

If normal, snap the 

spst switch off. Proceed 

with step 14. 

If abnormal, check T- 

402 (par. 416). 

If normal, snap the 

spst switch off and pro- 

ceed with step 15. 

. If abnormal, check T- 

402 (par. 416). 
If normal, snap the 

spst switch off and pro- . 

ceed with step 16. 

. If abnormal, check T- 

402 (par. 416). 

If normal, snap the 

spst switch off and in- 

stall all tubes in the 

power supply; proceed 

with step 17. 
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Step 

U7, 

18 

19 

20 

21 

22 

404 

Test point Test equipment 

Terminal 5A 

(positive) of E- 

401 and ground. 

Set the multimeter to 

measure 500 volts de. 

Terminal 4A 

(positive) of E- 

401 and ground. 

Set the multimeter to 

measure +300 volts 

de. 

Terminal 1A (pos-| Set the multimeter to 
itive) of #401 measure +150 volts 

and ground. de. 

Terminal 6A 

(negative) of E- 

401 and ground. 

Set the multimeter to 

measure —150 volts 

de. 

Terminal 6A (neg- 

ative) of E401 

and ground. 

Same as step 20________- 

Terminal 8A (pos-| Set the multimeter to 

itive) of E401 measure +35 volts. 

and ground. 

Disconnect the jumper 

from 8A of E404 and 

connect it to 8A11 of 

E404. 

Radar set controls Normal indications 

Multimeter 

reads 38 volts 

ac. 

Vtvm reads 115 

volts. 

Multimeter 

reads between 

+423 and 

+497 volts de. 

Vtvm reads 115 

volts. Mul- 

timeter reads 

+300 volts de. 

Vtvm reads 115 

volts. 

Snap the spst switch on_- 

Adjust R433 until the 

multimeter reads +300 

volts de. 

Adjust R416 until the 

multimeter reads +150 

volts de. 

Multimeter 

reads +150 

volts de. 

Vtvm reads 115 

volts. 

Multimeter 

reads —150 

volts de. 

Vtvm reads be- 

tween 109 and 

Vary the output of the 

variac so that the mul- 

timeter reads between 121 volts. 

109 and 121 volts. Multimeter 

reads between 

—85 and 

—120 volts de. 

Vtvm should 

read between 

109 and 121 

volts. 

Same as step 21______._- 

Multimeter 

reads between 

+24 and +30 

volts de. 

Relay K405 be- 

comes ener- 
gized. 

b. 

b. 

If 

a. 

Corrective measures 

. If abnormal, follow the 

procedure given in para- 

graph 211. 

. If normal, proceed with 
step 18. 

If abnormal, check C- 

401. Check L401 (par. 

416). 

If normal, 

with step 19. 

. If abnormal, check C- 

406, C409, and. C410. 
If normal, proceed 

with step 20. 

. If abnormal, check C- 
404 and C405. 

. If normal, proceed with 
step 21, 

. If abnormal, check C- 

409, R402, ©410, and 
V411. 

. If normal, proceed with 
step 22. 

If abnormal, check R- 

451 and V412. 

normal, connect a 

jumper from terminal 

8A of E404 to 8A of 
E401 and proceed with 

paragraph 430e. 

(1) If normal, pro- 

ceed with step 

23. 

(2) If abnormal, fol- 

low the  proce- 

dures given in 

paragraphs 429 

and 430, then 

proceed with step 

23. 
If: normal, reduce the 

output of the variac to 

zero, and proceed with 
step 24. 

If abnormal, 
K405 and the 

connecting wires. 

check 

inter- 

proceed — 

ey he toe 

we 

nied 
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Test equipment 

Disconnect the  variac 

output from terminals 

302 and 1603 and con- 

nect them to terminals 

2103 and 02 of E4038. 

Connect the spst switch 
(snapped to off) be- 

tween terminals 03 and 

2103 of E403. 
Turn on the power to 

the motor generator. 

Snap the spst switch on__ 

Snap INTERLOCK 

SHORTING SWITCH 

$404 to on. 

Snap the INTERLOCK 

SHORTING SWITCH 

to off. 

Radar set controls 

Raise the output of the 

variac to 115 volts. 

Normal indications 

Vtvm reads 115 

volts. 

Relay K402 be- 

comes ener- 

gized. 

VOLTMETER 
M401 reads 

115 volts +5 

volts. 

LINE FRE- 

QUENCY 

meter M403 

indicates 400 

cycles +16 

cycles. 

High-voltage 

warning light 

I 417 glows 

brightly. 

Blower motor 

B401 operates. 

High-voltage 

warning light 

I 417 does not 

glow brightly. 

Corrective measures 

a. If abnormal, check K- 

402 and the intercon- 

necting wires; check 

CR402 (par. 190). 

b. If normal, proceed as 

follows: 

(1) Reduce the out- 

put of the variac 

to zero. 

Disconnect the 

variac from the 

ac source and E- 

403. 

Disconnect the 

jumper between 

terminals 1603 

and 2003 of E401 

and remove the 

spst switch. 

(4) Install the main 

subchassis in the 

power supply 

and tighten the 

four securing 

bolts. 

(5) Replace the safety 

catches. 

Reconnect the 

leads to E403 

and E404. 

(7) Proceed with step 

25. 

a. If normal, proceed with 

step 26. 

(2) 

(3) 

(6) 

b. If abnormal, check the 

meters and the inter- 

connecting wires. 

a. If normal, proceed with 

step 27. 

b. If I 417 is abnormal, 

check $404, I 417, and 

R445. 

c. If the blower motor is 

inoperative, check B- 

401, C408, and the in-. 

terconnecting wiring. 

a. If normal, proceed with 

step 28. 

b. If abnormal, check S- 

404 and the intercon- 

necting wiring. 
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Test equipment 

28s acta GA, Ee Bere Push Interlock switch S- |_________ 

402 in. 

Radar set controls 

os aa deter High-voltage 

Normal indications Corrective measures 

a. If normal, disconnect 

the power from the 

motor generator, dis- 

connect the dummy 

load resistors, jumpers, 

and variac from E401, 

and reconnect the wires 

to E401. 

b. If abnormal, check S- 

402 and the intercon- 

necting wiring. 

warning light 

I 417 glows 

brightly. 

444. Bench Adjustment of Power Supply 
PP—674/TPS—1D 

The power supply can be completely adjusted 

when connected for bench servicing (pars. 440 

through 443). The following chart lists the 
adjustments that are required to completely 

adjust the power supply, and references a 

paragraph that contains detailed step-by-step 

directions for making each adjustment. 

Adjustment Procedure 

The +150-volt supply....._......-__.-- Par. 427. 

The +300-volt supply__..2_......2._.-1- Par. 428. 
The timing relay period________________ Par. 429. 

The timing relay cams_--___________--__ Par. 430. 

406 

445. Bench Testing of Power Supply 
PP—674/TPS—1D 

To bench test the serviceability of a repaired 

power supply, connect the power supply for 

bench servicing (par. 441), and follow the 

procedure given in paragraphs 433 through 

437. This procedure includes checking the 

filament -voltages of the power supply, output 

voltages and tolerances, timing relay, control 

relays, and interlock circuit. 



CHAPTER 19 

COMPLETE ALINEMENT AND TESTING OF RADIO SET AN/TPS-1D 

446. Introduction 

The information in this chapter is to be used 

as a guide to completely test and aline Radio 

Set AN/TPS-1D. Complete testing and aline- 

ment are required when the radar set has been 

either out of operation for a prolonged period 

or extensively repaired. Perform the proce- 

dures in the order given and refer to the refer- 

enced paragraphs for detailed step-by-step di- 

rections. 

447. Radio Set AN/TPS—1D, arial 
Alinement 

The following chart lists the alinement and 

adjustment that should be performed to com- 

pletely aline Radio Set AN/TPS-1D. Step- 

by-step directions for performing the proce- 

dures listed in the Alinement or adjustment 

column are contained in the paragraphs refer- 

enced in the Procedure column. To completely 

aline the set, perform the procedures in the 

order listed below: 

Alinement or adjustment Procedure 

Line frequency and line voltage | TM 11-919. 

adjustments. 

Line voltage adjustment Par. 7, TM 11-1167-20. 
Five-minute time delay adjust- | Par. 429. 

ment R443. 

Timing relay cams adjustment | Par. 430. 

K401. 

Positive  150-volt adjustment | Par. 427. 

R416. 

Positive 300-volt adjustment | Par. 428. 

R433. 

Coarse frequency adjustment | Par. 228. 

R110. 

Protective relay balance adjust- | Par. 229. 
ment R168. 

Modulator high-voltage adjust- | Par. 230. 

ment T151. 

Magnetron filament voltage ad- | Par. 231. 
justment T504. 

Magnetron frequency adjustment__| Par. 8, TM 11-1167-20. 

Indicator intensity, focus, and | Par. 12, TM 11-1167- 

centering adjustments. 20. 

Alinement or adjustment Procedure 

Fixed range marker circuit ad- | Par. 365. 

justments. 

Ppi-sweep adjustments__________- Par. 366. 

A-sweep adjustments. ____________ Par. 367. 

Strobe circuit adjustments________ Par. 368. 

Local oscillator alinement V505____| Par. 289. 

Signal TF alinementae.. se a2 4 Lk. Par. 290. 

Signal mixer coupling adjustment | Par. 288. 
RF503A. 

Duplexer adjustment RF503_-_-____ Par. 13, TM 11-1167—- 

20. 
Tr tube adjustments_____________ Par. 18, TM 11-1167- 

20. 
Coho mixer adjustment RF502____| Par. 288. 

Coho adjustments. =. _-2225.____- Par. 291. 

Signal comparator front panel ad- | Front panel instruc- 

justments R2350, R2351, tions, Signal Com- 

R2352, R2353, and R2354. parator CM-36/TPS- 

Normal alinement--____________- 

Carrier gate length adjustment 
R1365. 

Mti video gain adjustment R3306__ 

MTI BALANCE adjustment 

R2356. 
Slope adjustment (capacitor 

C1353). 

Mtialinements os aaa ee eee 

Servo amplifier adjustments-_______ 

Synchro zero switch adjustment 
8612. 

Synchro zero switch adjustment 
$765. 

Antenna rotate control mecha- 

nism adjustment. 

Synchro alinement___._...__--_-- 

Azimuth control adjustment- - ____ 

11D} 

Par. 13, TM 11-1167— 

20. 

Par. 332. 

Par. 333. 

Par. 14, TM 11-1167- 

20. 

Par. 331. 

Par. 14, TM 11-1167- 
20. 

Par. 11, TM 11-1167- 
20. 

Par. 398. 

Part. 399. 

Par. 400. 

Par. 10, TM 11-1167- 

20. 

Par. 15; ITM’ 11-1167- 

20. 

448. Radio Set AN/TPS—1D, Testing 

The following chart lists the testing proce- 

dures that should be performed to test the 

operation of Radio Set AN/TPS-1D. Step-by- 
step directions for testing the items listed in 

407 



the Test column are contained in the para- 

graphs referenced in the Procedure column. 

Perform the procedures in the order listed be- 

low: 

Test 

Power unittoutpute. esses e 

Ac power Inpitz os OL eee temas 

Liming relays W401 23 2232 ae fe te 

De power supply outputs- - ----- 

Synchronizing trigger J302_--_-- 

Transmitting system test points_ 

MAGNETRON CURRENT 

meter M502. 

Test meter M501_______-_--_-- 
Magnetron frequency check J501 

Transmitter power output-- ---- 

Magnetron spectrum analysis- - - 

Local oscillator testing - - - ------ 

Signal IF preamplifier test --- --- 

Coho preamplifier test____------ 

Signal IF amplifier test___------- 

Coherent oscillator Z350 test-- -- 

Indicating system test points---- 

Receiver sensitivity measure- 

ment. 

Minimum discernible _ signal 

measurement. 

Tr recovery time measurement -_ 

Voltage standing wave ratio_____ 
TEST METER M2350__--____- 

MTI repetition rate trigger am- 

plifier (9-megacycle amplifier). 

Nondelay amplifier Z2300_-_-_-____ 

Delay amplifier Z1300________-- 

Mercury delay line W2350, at- 

tenuation measurement. 

Slope adjustment capacitor and 

MTI BALANCE check. 
De amplifier V3301 measure- 

ment. 

Mti subclutter visibility meas- 

urement. 

Antenna performance test- - - - _- 

Sustained overload test_______-_- 

Antenna bench testing----____- 

lows: 

(1) 

Procedure 

TM 11-919. 
Par. 

n430; 

. 415. 

mo2o: 

, alli 

ot: 

Par. 

Par. 

Par. 

53, TM 11-1167-10. 
(2) 

(3) 
. 216. 

. 8, TM 11-1167-20. 

. 235. 

. 236. 

. 294. 

. 296. 

na ts 

. 298. 

dhegve 

. 352. 

. 16, TM 11-1167-20. 

(4) 
(5) 

(6) 

(7) 
16, TM 11-1167-20. 

(8) 
267. 

266. 
Front panel instructions, 

Signal Comparator CM— (9) 
36/TPS-1D. 

Par. 

Par. 

Par. 

Par. 

Par. 

Par. 

Par. 

. 403. 

. 404. 

. 409. 

337. 

338. 
339. 
340. 

341. (10) 

342. 

449, 

a. Initial adjustment and set-up procedure 

for Signal Generator AN/URM-64 are as fol- 

Connect power cable CX—337/U to the 

power input receptacle and a 115-volt, 

50 to 1,600-cps power source. Place 

the power switch on and allow a 10- 

minute warm-up period. 

Connect video cable CG—409/U from 
the syne input jack of the signal gen- 

erator to J153 on the radar set modu- 

lator unit. 

Connect RF cable CG—546/U from 

rf output jack of the signal generator 

to J501 on the receiver transmitter. 

Place the pulse width control at 2. 

Place the pulse delay control at ap- 

proximately 100. 

Place the signal frequency control at 

the approximate frequency of the 

transmitter. 

Place the output attenuator at — 3 

dbm. 

Place the selector switch in zero set 

position and adjust the zero set con- 

trol for zero set reading on the meter. 

Place the selector switch in clockwise 

position and adjust the power set con- 

trol for a red-line meter reading. Be- 

cause of interaction of these adjust- 

ments, repeat steps (8) and (9) above 

until the meter indicates the proper 

readings. 

Place the selector switch in positive 
sync position. 

b. Use the procedure given in paragraphs 

13 and 14 TM 11-1167-20 and tune the radar 

set for optimum normal and mti operation. 

Perform the following procedure to determine 

the subclutter visibility measurement. 

(1) Place the radar set in normal opera- 

449. Subclutter Visibility Measurement 
(fig. 184) 

The radar set must be operating in a satis- (2) 
factory manner in order to obtain the desired 

subclutter visibility measurement. Signal Gen- 

erator TS-419/U or AN/URM-64 is used to 

simulate a moving target and this signal is 

measured with a fixed target return of the 
radar set in any azimuth. 

408 

tion and rotate the antenna to an 

azimuth of minimum ground clutter. 

Tune the signal frequency control on 

the signal generator for maximum 
signal pulse amplitude while observ- 

ing the A-scope. 

(a) Rotate the pulse delay control 

slightly cw and cew to identify the 

signal on the A-scope. 



(b) Repeat the procedures in a(8) and 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(9) above. 

Determine the minimum discernible 

signal (mds) power of the receiver. 
Use the procedure given in paragraph 

16 of TM 11-1167-20. 

Reposition the antenna to an azimuth 

that presents a strong fixed target. 

Rotate the receiver gain control ccw 

until the fixed target is reduced from 

the saturation level of the receiver. 

Adjust the signal generator output 

attenuator until the pulse is clearly 

visible. Position the pulse with the 

pulse delay control next to the fixed 

target and readjust the output attenu- 

ator for a pulse amplitude equal to 

the amplitude of the fixed target. 

Total all attenuation used, as in (1) 

above, and subtract this fixed target 

signal power from the minimum dis- 
cernible signal power. The difference 

is the level of the clutter signal above 

the minimum discernible signal. 

Using the signal generator pulse de- 

lay control, superimpose the signal 

generator pulse (simulated moving 

target) upon the fixed target and re- 

adjust RECEIVER GAIN control for 

normal receiver gain (normal grass 

level on the A-scope). 

Place the radar set in mti operation 

and increase the signal generator 

(10) 

OUTPUT ATTENUATOR until the 
moving target is just perceptible 

above the A-scope base line residue. 

Determine the total attenuation and 

subtract from it the signal power of 

the fixed target. This is the subclut- 

ter visibility figure. 

From the chart given in figure 184, 

the subclutter visibility figure should 

fall no more than 2 db below the de- 

sired curve when plotting the subclut- 

ter visibility figure on the vertical axis 

and the level of the clutter signal 

above the minimum discernible signal 

on the horizontal axis. 

c. Select another fixed target on a different 

azimuth and repeat the procedures in (5) 

through (10) above. 

o o 

SUBCLUTTER VISIBILITY FIGURE (db) 
LEVEL OF SUBCLUTTER SIGNAL ABOVE THE 
MINIMUM DISCERNIBLE SIGNAL (db) 

TMI167~-35 -299 

Figure 184. Subclutter visibility measurement curve. 
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CHAPTER 20 

DISASSEMBLY AND REASSEMBLY OF ANTENNA DRIVE UNIT ASSEMBLY 

Section I. 

450. General 

a. The antenna drive unit assembly is a part 

of the antenna base. Paragraph 451 covers 

dismounting and mounting of the antenna drive 

unit assembly, and paragraphs 452 and 453 

cover the disassembly and assembly of the 

antenna drive unit assembly. 

b. Figure 188 shows an exploded view of the 

antenna drive unit assembly. Each numbered 

part is identified in a legend. The legend de- 

scribing each number appears in text near the 

figure. In the legend (except for common 

hardware) each numbered part is identified by 

its symbol reference designation or its Ray- 

theon part number (unless some other manu- 

facturer is specified). 

c. Before the antenna drive unit assembly 

can be disassembled, the antenna must be re- 

moved. To remove the antenna from the an- 

tenna base, proceed as follows: 

Note. If additional information is needed, refer to 

paragraph 33, TM 11-1167-10. 

(1) Remove the two sets of outer and 

intermediate antenna reflector sec- 

tions. 

(2) Remove the coaxial fittings from the 

antenna (fig. 185). 

(3) Loosen the four captive bolts at the 

base of the antenna horn casting (fig. 
185). 

(4) Carefully raise and remove the anten- 

na from the antenna spindle. Replace 

the captive spindle cap. 

451. Dismounting and Mounting Antenna 
Drive Unit Assembly 

a. General. The antenna, ‘drive unit assem- 
bly is mounted in the upper part of the antenna 

base. This assembly consists of a drive unit 

which contains the drive motor, two synchros, 
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gears, and heater; a spindle shaft and RF 

conductors (fig. 185). 

b. Dismounting (fig. 186). To dismount the 

antenna drive unit assembly from the antenna 

base, proceed as follows: 

(1) Drain the oil from the drive unit gear 

case by removing the oil drain cap. 

Replace the cap. 

(2) Disconnect all cables and fittings to 

the antenna drive unit assembly. 

(3) If the antenna base is part of a normal 

installation, release the four captive 

locking pins (fig. 31, TM 11-1167-20) 

and lift the antenna base from the 

component underneath. Lay the an- 

tenna base on its side. 

(4) Loosen the hose clamp and hose at- 

tached to inner conductor RF751. 

Unscrew the knurled fitting which at- 

taches RF751 to the antenna drive 

unit (fig. 186) and carefully with- 

draw RF751. 

(5) Set the antenna base upright and re- 

move the four bolts located on top of 

the antenna spindle (fig. 30, TM 11- 

1167-10) and lift off the antenna 

spindle. Remove the spindle cap from — 

the antenna spindle base plate and re- 

place the spindle cap on the outer con- 

ductor to prevent damage to the outer 

conductor threads. 

(6) Remove the bolts around the edge of 

the top plate of the antenna base, 

also remove the four bearing housing 

bolts (fig. 185) at the center of the 

top plate. Lift off the spindle shaft 

top bearing assembly and the top 

plate. 

(7) Remove the four mounting bolts in 

the feet of the antenna drive unit 

assembly and lift the antenna drive 
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Figure 185. Antenna base, left side view. 
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c. Mounting (fig. 186). 

unit assembly out off the antenna 

base. 

To mount the an- 

tenna drive unit assembly on the antenna base, 
proceed as follows: 

(1) Replace the antenna drive unit assem- 

412 

(2) 

(3) 

(4) 

(5) 
(6) 

bly on the upper shelf of the antenna 

base and fasten the feet with the four 
mounting bolts. 

Replace the top plate on the antenna 

base and fasten with bolts around the 

edge of the top plate (fig. 185). 

Replace the spindle shaft top bearing 

assembly and fasten with the four 

bolts (fig. 30, TM 11-1167-10). 

Remove the spindle cap from the outer 

conductor and replace the antenna 

spindle on the spindle shaft. Fasten 

with the four bolts. Replace the 

spindle cap and fasten the chain that 
holds the spindle cap captive to the 
antenna spindle base. 

Lay the antenna base on its side. 

Carefully replace inner conductor 

(7) 

(8) 

RF751 through the rotary bearing 

joint and tighten the knurled fitting. 

Caution: After replacing the inner 
conductor (RF751), remove the spin- 

dle cap and carefully center the up- 

per contact fingers by adjusting the 

inner conductor centering clamp and 

screw (fig. 8, TM 11-1167-10), so that 

the contact fingers rest equidistant 
from the edge of the outer conductor. 

If the center conductor is not properly 

centered, excessive pressure of the 

contact fingers on the oilite bearing 

will cause premature failure of both 

the contact fingers and the oilite bear- 
ing. 

Set the antenna base upright and re- 

move the filler plug. Fill the antenna 

drive unit with the proper grade oil 

(listed on the instruction plate) until 

the oil reaches the proper level in the 
oil Jevel indicator. Replace the filter. 
Connect all cables and fittings to the 
antenna drive unit assembly. 
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Figure 186. Antenna base, front view. 
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P| TM1167- 35-139 

Rotary joint, exploded view. Figure 187. 
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No. Item 

Coupler RF752 

Lockwasher %4 

Roundhead screw 

4-20 by % 

Packing (gasket) 

O 1710 

Gasket 

Helical tension 

spring 

Packing (brass 

retainer) O 1707 

Packing (felt 

retainer) O 1706 

Packing (bakelite 

retainer) 

Raytheon Part No. 

Chickson Dwg R28D1-42B-A 

Chickson Dwg R1D1-31D 

Chickson Dwg R28D3-31A 

No. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Item 

Ball bearings 4 

Ball retainer plug 

Cotter pin %4 by %4 

Housing (rotary 

joint housing) 
Avie 

Outer conductor 

Gasket (O-ring) 

(neoprene grease 

seal) 

Ball bearing races 

Gasket (O-ring) 

(neoprene grease 

seal) 

Contact fingers 

Figure 187—Continued. 

Raytheon Part No. 

Chickson Dwg S-1534-2 

Chickson Dwg R28011-775 

Chickson Dwg R1D1-42A 

Chickson Dwg R28D10-83 

Chickson Dwg R1D1-42A 

Chickson Dwg R28D1-35 
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Section Il. 

452. Disassembly of Antenna Drive Unit 
Assembly 

a. Removing Contact Fingers and Outer 

Conductor (fig. 187). To remove the contact 

fingers and outer conductor, proceed as fol- 

lows: 

(1) Remove the six roundhead screws (3) 

and six lockwashers (2) from the RF 

coupler (1) and carefully pull off the 

RF coupler which also contains the 

oilite bearing. Remove the helical 

tension spring (6) that holds the 

brass (7), felt (8), and bakelite (9) 

retainers in place. 

(2) Grasp the contact fingers (18) firmly 

with a suitable tool and pull straight 

out from the outer conductor (14). 

(3) Remove the four fillister-head ma- 

chine screws (87, fig. 188), four lock- 

washers (38) and four flatwashers 

(39) from the rotary bearing joint. 

Remove the spindle cap from the 

outer conductor. 

(4) Grasp the rotary joint housing (18, 

fig. 187) firmly and carefully with- 

draw the outer conductor (14) from 

the spindle shaft. 

b. Removing Rotary Joint from Outer Con- 
ductor (fig. 187). To remove the rotary bear- 

ing joint from the outer conductor, after the 

outer conductor has been removed from the 

spindle shaft and the RF coupler removed from 

the rotary joint, proceed as follows: 

(1) Remove the cotter pin (12) from the 

ball retainer plug (11) and unscrew 

the ball retainer plug. 

(2) Pour out the ball bearings (10) on a 

clean surface. Be careful not to lose 

any of the ball bearings. 

(3) Remove the entire rotary joint hous- 

ing (13) from the outer conductor 

(14). 

c. Removing Motor Assembly and Synchros 

(fig. 188). To remove the drive motor and 

synchros, proceed as follows: 

(1) Remove the antenna drive unit assem- 

bly cover by loosening the captive 

bolts surrounding the cover (fig. 185). 
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(2) Loosen and remove the four hexago- 

nal-socket cap screws (44, fig. 188) 

four lockwashers (45) and four flat- 

washers (46) at the base of the drive 

motor. Remove the leads from drive 

motor terminal board E751 (fig. 185). 

Tag each lead for easy reassembly. 

Lift the drive motor assembly B751 

(43, fig. 188) from the antenna drive 

unit assembly. 

(8) Remove each synchro by first remov- 

ing and tagging the leads, then re- 

moving the four fillister-head screws 

(51 and 121), four lockwashers (52 

and 120), and four flatwashers (53 

and 119) at the base of each synchro. 

Lift the synchros (92 and 117) from 

the antenna drive unit assembly. 

d. Removing Heater Umit, Gears, and Worm 

Shaft (fig. 188). To remove heater unit 

HR751, gears, and worm shaft, proceed as 

follows: 

(1) Remove the leads and two hexagonal 

nuts (162 and 163) from the tubular 

heating unit (164). 

(2) Remove the switch and cover assem- 

bly (156) containing the phone jack, 

safety switch, and ac outlet. Discon- 
nect and mark all leads from this 

assembly to enable the cable harness 

to be removed with the intermediate 

housing (181). 

(8) Remove the 17 socket-head cap screws 

(64), lockwashers (65), and flat- 

washers (66) that secure the inter- 

mediate housing (1381). Lift the in- 

termediate housing (131) from the 

gear case (151). 

(4) Remove the C and E gears (68 and 
75) from the bottom of the interme- 

diate housing (131) by cutting the 

safety wire and removing the fillister- 

head machine screw (71 or 72), lock- 

washer (70 or 73), and flatwasher 

(69 or 74) from the end of each gear 

shaft. 

(5) Remove the spur gear (80) from the 

bottom of the intermediate housing 

(131) by straightening the teeth of 



(6) 

(7) 

the castellated washer (78) and re- 
moving the castellated nut (77). 

Remove the tubular heating element 
(164) by cutting the safety wire and 
removing the eight fillister-head ma- 
chine screws (160 and 165) and lock- 
washers (159 and 166) that fasten 
the clips (167) and bracket (161). 

Remove the gears on the worm shaft 
as follows: 

(a) Remove the oil level indicator and 

(5) 

(c) 

(d) 

(e) 

(f) 

(9g) 

e. Removing Spindle Shaft (fig. 188). 
remove the spindle shaft, proceed as follows: 

(1) 

end plate (177 and 152) by remov- 
ing the 12 fillister-head machine 
screws (175 and 1), 12 lockwashers 
(176 and 2), and 12 flatwashers 
(174) from the gear case (151). 

Cut the safety wire and remove 
the two fillister-head machine 
Screws (132 and 149) and lock- 
washers (133 and 148) at each end 
of the worm shaft (141). Remove 
the worm shaft end washers (136 
and 147). 

Remove the B gear (137) which 
is fitted on a spline. 

Remove the D gear (145) which is 
fitted over a key (146). 

Cut the safety wire and remove the 
four drilled-head bolts (134) and 
four lockwashers (135) that hold 
the plates (138 and 140). The two 
plates will fall away from the bear- 
ing housing and permit the ball 
bearing (189) to be removed. 

Withdraw the worm shaft (141) 
from the gear case (151) through 
the oil level indicator opening. 

Remove the roller bearing (144) 
from the worm shaft (141) by re- 
leasing and removing the retaining 
ring (211) and internal retaining 
ring (210). 

To 

Remove the ring clamp (171) and 
washer (172) by removing the three 
fillister-head machine screws (168), 
three lockwashers (169), and three 
flatwashers (170) from the gear case 
(151). 

(2) 

(3) 

(4) 

Remove the six fillister-head machine 
Screws (180), six lockwashers (181), 
and six flat washers (182) from the 
housing (183). 

Remove the four fillister-head machine 
screws (202) and four lockwashers 
(201) located in the gear case (151) 
above the F gear (193). 

Remove the spindle shaft (200) by 
sliding the spindle shaft out through 
the bottom of the gear case (151). 

f. Removing Spindle Shaft Gears and Ball 
Bearings (fig. 188). To remove the spindle 
shaft gears and ball bearings, proceed as fol- 
lows: 

(1) 

(2) 

(3) 

(4) 

Figure 188. 

Loosen the plug (205). Remove the 
six fillister-head machine screws (2038) 
and six lockwashers (204) and pull 
away the housing (183) and gasket 
(184). 

Straighten the tabs on the bearing 
lockwasher (186) and remove the 
bearing locknut (185), bearing lock- 
washer (186), ball bearing (187), two 
shims (188), plate (189), and H gear 
(190) together with its key (191). 
Do not misplace the key. 

Release and remove the retaining ring 
(192). 

Remove the F gear (193), key (194), 
washer (195), gasket (196), plate 
(197), and roller bearing (198) from 
the spindle shaft (200). 

Antenna drive unit, exploded view. 

(Contained in separate envelope) 

453. Reassembly of Antenna Drive Unit 
Assembly 

a. Replacing Spindle Shaft Gears and Ball 
Bearings (fig. 188). To replace the spindle 
shaft gears and ball bearings, proceed as fol- 
lows: 

(1) 

(2) 

(3) 

Be sure the retaining ring (199) is in 
place on the spindle shaft (200). 

Replace the roller bearing (198), plate 
(197), gasket (196), washer (195), 
key (194), and F gear (193). Secure 
with the retaining ring (192). 

Replace the key (191), H gear (190), 
plate (189), two shims (188), ball 
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b. Replacing Spindle Shaft (fig. 188). 

(4) 

(5) 

bearings (187), bearing lockwasher 

(186), and bearing locknut (185). 

Secure the bearing locknut by bend- 

ing the tabs on the bearing lockwasher 

(186). 

Replace the gasket (184) and hous- 

ing (183). Secure the plate (189) to 

the housing (183) by replacing the 

six fillister-head machine screws (203) 

and six lockwashers (204). 

Tighten the plug (205) and replace the 

oil seal (206). 

To 

replace the spindle shaft, proceed as follows: 

(1) 

(2) 

(3) 

(4) 

Slide the spindle shaft (200), com- 

plete with gears and bearings, up 

through the bottom of the gear case 

(151). 

Secure the housing (183) to the bot- 

tom of the gear case (151) with the 

six flatwashers (182), six lockwashers 

(181), and six fillister-head machine 

screws (180). 

Secure the plate (197) to the gear 

case (151) by replacing the four lock- 

washers (201) and four fillister-head 

machine screws (202). 

Replace the washer (172) and ring 

clamp (171). Secure with the three 

flatwashers (170), three lockwashers 

(169), and three fillister-head machine 

screws (168). 

c. Replacing Worm Shaft and Gears (fig. 

188). To replace the worm shaft and gears, 

proceed as follows: 
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(1) 

(2) 

Secure the retaining ring (142) and 

internal retaining ring (143) on the 

worm shaft (141). Place the roller 

bearing (144) against the internal 

retaining ring (143). Secure the roll- 

er bearing with the internal retain- 

ing ring (210) and retaining ring 

(211). Place the ball bearing (139) 

in place on the worm shaft (141) near 

the spline end. 

Replace the worm shaft (141) with 

bearings attached, through the oil 

level indicator opening. Hold the 

plate (140) in its place behind the 

large bearing mount while replacing 

the worm shaft (141). 

(3) 

(4) 

(5) 

(6) 

Replace the plate (138) and fasten 

both plates (138 and 140) with the 

four lockwashers (135) and four 

drilled-head bolts (134). Safety wire 

the drilled-head bolts. 

Replace the B gear (137) over the 

spline end of the worm shaft. Replace 

the worm shaft end washer (186) and 

fasten with the two lockwashers (133) 

and two fillister-head machine screws 

(132). Safety wire the screws. 

Replace the D gear (145). Be sure 

that the key (146) is in place. Re- 

place the worm shaft end washer 

(147) and fasten with the two lock- 

washers (148) and two fillister-head 

machine screws (149). Safety wire 

the screws. 

Replace the end plate (177), oil level 

indicator (152), and gaskets (178) 

and (150). Secure with the 12 flat- 

washers (174), 12 lockwashers (176 

and 2), and 12 fillister-head machine 

screws (175 and 1). 

d. Replacing Tubular Heating Element, E 

Gear, C Gear, and Spur Gear (fig. 188). To 

replace the tubular heating element, E gear, 

C gear, and spur gear, proceed as follows: 

(1) 

(2) 

(3) 

(4) 

Place the tubular heating element 

(164) in the bottom of the gear case 

(151) and fasten with the six clips 
(167) and bracket (161). Secure the 

clips (167) and bracket (161) with 

the seven lockwashers (159 and 166) 
and seven fillister-head machine 

screws (160 and 165). Safety wire 
the seven screws that hold the clips 

and bracket. } 
Replace the spur gear (80). Secure 
with the flatwasher (79), castellated 

washer (78), and castellated nut (77). 

Bend the tabs on the castellated 

washer. 

Replace the key (76) and E gear (75). 

Secure with the flatwasher (74), 

lockwasher (73), and _fillister-head 

machine screw (72). Secure the fil- 

lister-head machine screw with the 

safety wire. 

Replace the key (67) and C gear (68). 

Secure with the flatwasher (69), lock- 

washer (70), and fillister-head ma- 



(5) 

(6) 

(7) 

chine screw (71). Secure the fillister- 

head machine screw with the safety 

wire. 

Replace the intermediate housing 

(181). Carefully feed the cable har- 

ness through the opening in the inter- 

mediate housing for the switch and 

cover assembly (156). Be sure that 

the gaskets (158, 157, and 173), and 

tubular heating element terminal 

gaskets are properly in place. Secure 

the intermediate housing (131) with 

the 21 flatwashers (66), 21  lock- 

washers (65), and 21 socket-head cap 

screws (64). 

Seat the gasket (157) and connect the 

leads to the switch and cover assem- 

bly (156). Be careful to make proper 

connections. Secure the switch and 

cover assembly (156) with the 10 flat- 

washers (155), 10 lockwashers (158), 

and 10 fillister-head machine screws 

(154). 

Replace the hexagonal nuts (162 and 

163) on the tubular heating element 

terminals and connect the proper leads 

to the terminals. 

e. Replacing Synchros and Drive Motor As- 

sembly (fig. 188). To replace the synchros 

and drive motor assembly, proceed as follows: 

(1) 

(2) 

Replace the synchros (92 and 117) in 

their proper sockets on the intermedi- 

ate housing (181). Place the ring 

clamp (93) over the synchro (92) and 

the ring clamps (118) over the syn- 

chro (117). Secure the ring clamp 

(93) with the four flatwashers (53), 

four lockwashers (52), and four fil- 

lister-head machine screws (51). Se- 

cure the ring clamps (118) with the 

four flatwashers (119), four lock- 

washers (120), and four fillister-head 

screws (121). 

Replace the drive motor (48) in its 

proper receptacle. Secure with the 

four flatwashers (46), four  lock- 

washers (45), and four hexagonal- 

socket cap screws (44). Replace all 

leads to the drive motor terminal 

board. 

(3) 

(4) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Make certain that all leads are con- 

nected properly. 

Replace the cover (50) and secure 

with the 17 captive screws (49). 

. Replacing Rotary Bearing Joint (fig. 187). 

Be sure that the two neoprene grease 

seals (15 and 17) are installed with 

the grooved edges facing away from 

the contact fingers. 

Butter the ball bearing races (16) on 

the outer conductor and the rotary 

joint housing (13) with the proper 

high temperature grease. 

Replace the rotary joint housing (138) 

on the outer conductor (14) over the 

neoprene grease seals (15 and 17). 

Roll the ball bearings (10) in grease 

and replace the ball bearings through 

the access opening on the rotary joint 

housing (18). Be sure that the ball 

bearings (10) seat properly in their 

races. 

Replace the ball retainer plug (11). 

Tighten until snug, then back off, or 

loosen the ball retainer plug 14, turn 

(2 slots), and replace the cotter pin 

(12). 

Caution: Do not overgrease the 

ball bearings or overtighten the ball 

retainer plug. Overgreasing will 

cause leaking past the seals, and over- 

tightening of the ball retainer plug 

will cause premature failure of the 

rotary bearing joint. 

Replace the packing, first the bakelite 

(9), then the felt (8), and finally the 

brass (7). 

Note. The felt grease retainer should be 

dry except for a light coating of Dow Corn- 

ing DC-4 to prevent dropping of felt fibers. 

Replace the gasket (5) on the RF 

coupler (1). Aline the holes of the 

gasket with those of the RF coupler. 

Hold the helical tension spring (6) 

against the brass retainer (7) and. 

press the RF coupler against the 

spring. Secure the RF coupler with 

the six roundhead screws (8) and six 

lockwashers (2). 

Note. The bearing joint should rotate 

freely. There should be no roughness or 

binding. 
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g. Replacing Outer Conductor and Contact 

Fingers (fig. 188). 
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(1) With the spindle cap (21) removed 

and the rotary bearing joint attached, 

replace the outer conductor (27) 

through the bottom of the spindle 

shaft. Fasten the rotary bearing 

joint to the bottom of the spindle 

shaft with the four flatwashers (39), 

four lockwashers (38), and four fil- 

lister-head machine screws (37). 

(2) 

(3) 

Caution: Be sure that the key 

(212) is in place between the spindle 

shaft and the outer conductor. Oper- 

ation without the key (212) can re- 

sult in twisting of the outer conductor. 

Replace the contact fingers (18, fig. 

187) by placing them in the bottom 

of the outer conductor and pressing 

in firmly. 

Replace the RF coupler (36, fig. 188) 

by performing f(7) and (8) above. 



CHAPTER 21 

DISASSEMBLY AND REASSEMBLY OF 

ANTENNA ROTATE CONTROL MECHANISM 

Section I. 

454. General 

a. The antenna rotate control mechanism 

is a part of the indicator. Paragraph 455 

covers the dismounting and mounting of the 

antenna rotate control mechanism, and para- 

graphs 456 and 457 cover the disassembly and 

reassembly of the antenna rotate control mech- 

anism. 

b. Figure 189 shows an exploded view of 

the antenna rotate control mechanism. Each 

part is identified by a number that appears 

on the illustration. Each numbered part is 

identified in a legend for the illustration. In — 

the legend (except for common hardware) 

each numbered part is identified by its symbol 

reference designation or its Raytheon part 

number. 

c. Before the antenna rotate control mech- 

anism can be dismounted for disassembly, the 

indicator must be removed from its case as 

follows: 

(1) Loosen the 16 captive screws located 

on the front panel of the indicator. 

(2) Carefully withdraw the indicator 

from its case until the rack stops are 

hit. 

455. Dismounting and Mounting Antenna 
Rotate Control Mechanism 

a. General. The antenna rotate control 

mechanism is mounted in the upper right-hand 

corner of the indicator. The mechanism con- 

sists of a pointer and indicator, reduction 

gears, cam, coupling, two microswitches, and 

a potentiometer. 

b. Dismounting (fig. 158). To dismount the 

antenna rotate control mechanism from the 

indicator, proceed as follows: 

DISMOUNTING AND MOUNTING 

(1) Remove the ANTENNA ROTATE 

control from the front panel of the 

indicator by first loosening the Allen* 

screw. 
(2) Remove two mounting screws from 

the front mounting plate. 

(3) Remove two mounting screws from 

the rear mounting plate. 

(4) Carefully tag and remove the leads 

from the two antenna control switches 

and ANTENNA SPEED control. 

(5) Pull back and lift out the antenna 

rotate control mechanism. 

c. Mounting (fig. 158). To mount the an- 

tenna rotate control mechanism on the indi- 

cator, proceed as follows: 

(1) Replace the antenna rotate control 

mechanism in the upper right side of 

the indicator. 

(2) Position the antenna rotate control 

mechanism by alining the holes for 

the mounting screws with those on 

the indicator chassis; secure with 

two mounting screws on the rear 

plate and two mounting screws on 

the front plate. 

(3) Replace the leads to the two antenna 

control switches and the ANTENNA 

SPEED control as indicated on tagged 

instructions made during dismounting. 

(4) Replace the ANTENNA ROTATE 

control on the front panel of the indi- 

cator, and tighten the Allen screw 

on the control knob. 

(5) Adjust the antenna rotate control 

mechanism as instructed in paragraph 

400. 
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Section Il. DISASSEMBLY AND REASSEMBLY 

sembly (13), and spur gear (15), proceed as 456. Disassembly of Antenna Rotate 
Control Mechanism 

(fig. 189) 

a. Removing Antenna Control Switches 

S617 and S618, and Antenna Speed Control 

R609. To remove the antenna control switches 

and ANTENNA SPEED control, proceed as 

follows: 

(1) Remove the antenna control switches 

(8) and (22) by removing four hex- 

agonal nuts (12), four lockwashers 

(11), four flatwashers (10), two shims 

(9), and four pan-head screws (6) 

with their insulating washers (7). 

Caution: Insulating washers (7) 

must be replaced in their proper posi- 

tions in order to insulate the antenna 

control switches from the center plate. 

(2) Remove the antenna speed control 

follows: 

(1) Remove the pointer (33) by first re- 

(2) 

(3) 

moving the pan-head screw (380), 

lockwasher (31), and flatwasher (382). 

Remove the front and rear plates (5) 

and (18) by first removing the six 

hexagonal nuts (1), six lockwashers 

(2) and six flatwashers (8). Pull 

away the rear plate (18) and the front 

plate (5). Remove the three long 

spacers (17), three short spacers 

(14), and three double threaded 

shafts (4). 

Remove the gear assembly (13) and 

the spur gear (15) by pulling them 

free from the center plate (16). 
c. Removing Dial Drive Assembly. To re- 

move the dial drive assembly, proceed as fol- 

lows: 
(19) by loosening the Allen setscrew (1) Remove the pin (26) from coupling 
on the coupling (O 602, fig. 170); (O 1602, fig. 170). 
then loosen the hexagonal nut (21) (2) Hold the coupling (23); grasp the 
and pull out the antenna speed con- dial drive assembly (28) and pull it 
trol (19) from the rear plate (18). away from the center plate (16). 
Set aside the lockwasher (20) and (3) Remove the cam (O 1601, fig. 170) 

hexagonal nut (21). from the coupling (23) by loosening 
b. Removing Front and Rear Plates, Gear the roundhead screw on the coupling 

Assembly, and Spur Gear. To remove the (O 1602, fig. 170) and pulling the 

front and rear plates (5) and (18), gear as- cam away from the coupling. 

No. Item Raytheon Part No. No. Item Raytheon Part No. 

1 Hexagonal nut (6) 18 Rear plate 1593-1192P1 
2 lLockwasher (6) 19 ANTENNA SPEED control R609 

3 Flatwasher (6) 20 lLockwasher ~ 236-1016P1 

4 Double-threaded shaft (3) 1593-1174P1 21 Hexagonal nut H660 
5 Front plate 1593-1198P1 22 Antenna control switch S617 

6 Pan-head screw (4) 23 Coupling O 1602 

7 Insulating washer (4) 24 Allen setscrew (fig. 170) 207-1004P3 

8 Antenna control switch S618 25 Adjusting screw (fig. 170) 207-1020P3 

9 Shim O 693 26 Pin (fig. 170) 293-1022P9 

10 Flatwasher (4) 27 Cam O 1606 (fig. 170) 

11 Lockwasher (4) 28 Dial drive assembly O 698 

12 Hexagonal nut (4) 28A Cam O 1601 1593-1205P1 

13 Gear assembly O 699 28B Coupling spacer (fig. 170) 

13A Spur gear O 1604 28C Spur gear O 1604 

18B Spur gear O 1603 28D _ Dial shaft 1593-1180P1 

18C Idler shaft 1593-1188P1 28E Locking pin 1593-1185P1 

13D Locking pin H667 29 ANTENNA SPEED dial N604 

14 Short spacer (3) 1593-1170P1 30 Pan-head screw 207-1005P3 

15 Spur gear O 697 381 Lockwasher 236-1015P1 

16 Center plate 32 Flatwasher 236-1018P1 

17 Long spacers (8) 1593-1170P2 33 Pointer H664 

Figure 189. Antenna rotate control mechanism, exploded view. —> 
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457. Assembly of Antenna Rotate 
Control Mechanism 

(figs. 189 and 170) 

a. Replacing Dial Drive Assembly. To re- 

place the dial drive assembly, proceed as fol- 

lows: 

(1) Replace the cam (O 1601, fig. 170) 

on the coupling (23) by pressing the 

cam onto the coupling and tightening 

the roundhead screw on the coupling. 

(2) Replace the dial drive assembly (28) 

by placing the dial drive assembly 

shaft through the hole located toward 

the middle of the center plate (16) 
and pressing onto the coupling (23). 

(3) Replace the pin (26) in the coupling 

(O 1602, fig. 170). 

b. Replacing Spur Gear, Gear Assembly, and 

Front and Rear Plates. To replace the spur 

gear (15), gear assembly (13), and front and 

rear plates (5) and (18), proceed as follows: 

(1) Replace the spur gear (15) by placing 

the thicker part of the spur gear shaft 

through the hole located near the 

edge of the center plate (16). 

(2) Replace the gear assembly (13) by 

placing idler shaft (13C) through the 

remaining bearing hole located on the 

center plate (16). 

(3) Replace the front and rear plates (5) 

TM1I167-35-153 

Figure 189—Continued. 

‘ 
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(4) 

and (18) by first placing three double- 

threaded shafts (4) through holes in 

the center plate (16), then placing 

three long spacers (17) over the 

double-threaded shafts on the cou- 

pling (23) side of the center plate 

(16), and the short spacers (14) over 

the double-threaded shafts on the 

gear side of the center plate. Place 

the rear plate (18) over the double- 

threaded shafts (4) and then place 

the front plate (5) over the same 

double-threaded shafts; be careful to 

aline the ends of the idler shaft (13C), 

the spur gear (15), and the dial drive 

assembly (28). Secure the front and 

rear plates with six flatwashers (8), 

six lockwashers (2), and six hexago- 

nal bolts (1). 

Replace the pointer against the AN- 

TENNA SPEED dial (29) and secure 

it with the flatwasher (382), lock- 

washer (381), and pan-head screw 

(80). 

c. Replacing ANTENNA SPEED Control 

and Antenna Control Switches S617 and S618. 
To replace the antenna speed control and the 
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antenna control switches, proceed as follows: 

(1) 

(2) 

Replace the antenna speed control 

(19) by placing the shaft end through 

the large hole in the rear plate (18). 

When the antenna speed control shaft 

appears through the hole in the rear 

plate, place the lockwasher (20) and 

hexagonal nut (21) over the antenna 

speed control shaft. Tighten the hex- 

agonal nut (21) and, at the same time, 

guide the antenna speed control shaft 

into the coupling (23) and tighten the 

Allen screw on the coupling (O 1602, 

fig. 170). 

Replace antenna control switches 

S617 and S618 by placing the shim 

(9) and S618 (8) on the gear side 

of the center plate (16), and shim (9) 

and S617 (22) on the coupling (23) 

side of the center plate (16). Place 

the four insulating washers (7) over 

the four pan-head screws (6) and push 

them through the holes in S617 and 

S618 and secure them with four flat- 

washers (10), four lockwashers (11), 

and four hexagonal nuts (12). 



CHAPTER 22 

DISASSEMBLY AND REASSEMBLY OF DELAY NETWORK TANK 

Section I. 

458. General 

a. The delay network tank is housed in a 

case which in turn is housed in the same case 

that holds the signal comparator. The signal 

comparator chassis virtually enfolds the delay 

network. Paragraph 459 covers the dismount- 

ing and mounting of the delay network tank, 

and paragraphs 460 and 461 cover the dis- 
assembly and reassembly of the delay network 

tank; the procedure for filtering mercury is 

also included under assembly of the delay 

network tank. 

b. Figure 196 shows an exploded view of the 

delay tank network. Each part is called out 

on the illustration. 

c. Before the delay network tank can be 

disassembled, it must be removed from its case 

which in turn must be removed from the signal 

comparator case. To remove the delay network 

tank and its case from the signal comparator 

case, proceed as follows: 

(1) Disconnect the panel cables from the 

signal comparator and withdraw the 

signal comparator chassis as far as 

the drawer catches. 

(2) Disconnect the three cables at J1301, 

J1350, and J2354 (fig. 190) on the 

underside of the signal comparator 

chassis. 

(3) Release the signal comparator chassis 

drawer catches and remove the signal 

comparator chassis. 

(4) Remove the six mounting bolts and 

lift out the delay network from the 

signal comparator case. 

Caution: Remove the delay net- 

work with care because it is compara- 

tively heavy. The mercury alone 

weighs 30 pounds. 

DISMOUNTING AND MOUNTING 

459. Dismounting and Mounting Delay 
Network Tank 

a. General. Before attempting repair or 

service on the delay network tank, consider 

the following: 

(1) The mercury used in the tank must be 

free of any impurities. 

(2) The tank surfaces which contact the 

mercury must be clean to the point 

of being free from all contamination, 

which includes lint and such trans- 

parent film as might be left by smoke 
fumes, or personal contact. 

(3) The inclosure used for repair or serv- 

ice of the delay network tank should 

be as follows: 

(a) Small dust-free room with no win- 

dows. 

(b) Forced exhaust ventilation, with a 

filtered inlet on the opposite side 

of the room. 

(c) Room temperature steady at 70° to 

(bo oE. 

(d) Humidity maintained at approxi- 

mately 50 per cent. 

(4) Become thoroughly familiar with the 

disassembly and assembly procedures 

before attempting service or repair; 

this will result in minimum time for 

exposure of delay network tank parts 

to contamination. 

(5) Materials required for repair and serv- 

icing are as follows: 

30 pounds of mercury, ASC standard 

purity within .0001 percent nonvol- 

atile residue per pound. 

1 bottle (8 oz) ether. 

1 bottle (8 0z) acetone. 

1 tube of lubricant. 
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NETWORK | 
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SIDE COVER 
PLATE . 

. P/J 2351 
S MOUNTING | . BACK COVER BOLTS PLATE P/J 2350 

TMI167-35-141 

Figure 190. Delay network with signal comparator chassis removed. 

1 spool of nylon or linen thread. each of the 14 shock-mount anchor 

3 600-milliliter (ml) Pyrex beakers strips. 

with covers. (2) Slide out each strip which in turn will 

4 250-ml Pyrex beakers with covers. release the 14 shock-mounting springs. 

1 piece of glass tubing, 14 inch id (in- (3) Remove the cables from the delay 

side diameter) and 12 inches long. network tank by unfastening the plugs 

1 tank of compressed dry nitrogen at J2350 and J2351. 

with air hose and dusting nozzle. (4) Remove 13 roundhead machine screws 

1 set of Allen wrenches. and lockwashers from the top of the 

1 screwdriver, 6-inch long blade from side and back cover plates. 

Tool Kit TE-114. (5) Remove the top cover plate and care- 

50 sheets (19 by 19 in.) of Dextilose fully lift the delay network tank out 

tissue. of its case (fig. 191). 

b. Dismounting (fig. 190). To remove the (6) Remove the rubber shock mountings 

delay network tank from its case, proceed as (figs. 192 and 193) ; remove the 2 tank 

follows: mounting brackets (fig. 192) by re- 

(1) Begin at the bottom of the delay net- moving 10 roundhead machine screws 
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work and remove 2 roundhead ma- 

chine screws and lockwashers from 

and lockwashers from each tank 

mounting bracket. 



ANCHOR STRAPS 
REMOVED 

LOCATING PINS 
TMII67- 35-142 

Figure 191. Delay network, top cover plate removed. 
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RED DOT 
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MOUNT 
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BRACKETS 

SHOCK 
MOUNTING 
SPRING 

TMII67-35-143 

Figure 192. Delay network tank, red dot rubber shock-mount placement. 



WHITE DOT » 

) 

£2350 

-HR2350' 

BLUE DOT 

Figure 198. Delay network tank, yellow and blue dot 

BLUE DOT 

YELLOW DOT 

_TM1167-35-144 

rubber shock-mount placement. 
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c. Mounting (figs. 192 and 193). To mount 

the delay network tank in its case, proceed as 

follows: 

430 

(1) 

(2) 

(3) 

(4) 

Replace the 2 tank mounting brackets 

and secure each with 10 roundhead 

machine screws and lockwashers. 

Replace the rubber shock mounts; 

note the position of the red, white, 

yellow, and blue dots. 

Lift the delay network tank and care- 

fully place it in its case. Make sure 

that all rubber shock mountings are 

in place (fig. 191). 

Grasp each shock-mounting spring 

and stretch it until the end fits 

through its small access opening. 

Insert a shock-mount anchor strip. 

Repeat this procedure until all the 

TRANSDUCER END 
PLATE SCREWS (10). 

92351. 

Figure 194. 

(5) 

(6) 

(7) 

(8) 

shock-mounting springs are secured, 

except the four that fit into the top 

cover plate (fig. 191). 

Replace the top cover plate on the de- 

lay network tank and secure it with 

13 roundhead machine screws and 

lockwashers. Secure the remaining 

four shock-mounting springs to the 

top cover plate with the shock-mount 

anchor strips. 

Secure each of the 14 shock-mount 

anchor strips with 2 roundhead screws 

and lockwashers. 

Replace the cables by securing the 

plugs at J2350 and J2351. 

Carefully lower the delay network 

into the signal comparator case and 

secure it with six mounting bolts (fig. 

190). 

EXPANSION CHAMBER | 
COVER SCREWS(4) 

TMIIG7-35-145. 

Delay network tank, top view. 



HR2350 BOTTOM COVER 
MOUNTING SCREW (3) 

E2350 

TMII167- 35-146 

Figure 195. Delay network tank, bottom view. 

Section II. 

460. Disassembly of Delay Network Tank 
Note. If any of the screws used in assembly of the 

delay network tank cannot be loosened, apply a small 
quantity of carbon tetrachloride around the heads of 
those screws. If the tapped threads are damaged, the 
hole should be drilled and tapped for the next larger 
screw size. 

a. Removing Bottom Cover and Heater (fig. 
195). To remove the bottom cover and heater, 
proceed as follows: 

(1) Remove the three bottom cover 
mounting screws, two screws from 
E2350, and two screws from 82350. 

(2) Lift off the bottom cover, the insu- 

lator disk, and heater HR2350. 

(3) Remove heater HR2350, terminal 

strip E2350, and thermostat S2350 

as a single assembly complete with 
wiring. 

DISASSEMBLY AND REASSEMBLY 

b. Removing Expansion Chamber Cover. 

To remove the expansion chamber cover, pro- 

ceed as follows: 

(1) Remove the tank filler plug assembly 

(fig. 199). 

(2) Pour the mercury from the delay net- 

work tank into two 600-ml beakers 

which have been cleaned with acetone 

and ether (par. 461a). 

Caution: Keep the beakers contain- 

ing the mercury covered. 

(3) Remove the expansion chamber cover 

by first removing four expansion 

chamber cover screws (fig. 195). 

(4) Carefully press the diaphragm several 

times so as to force as much mercury 

out of the chamber as possible (fig. 
200). 
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c. Removing End Plates, Crystals, and Dia- 

phragm (fig. 196). To remove end plates, 

crystals, and diaphragm, proceed as follows: 

Se DCAD Ae eda ee eee > oF CD SOHOMDARMBPRWNHFHOHOWARARWNH SO 
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(1) Set the delay network tank upright 

on the protecting shields that sur- 

round the two jacks on the transducer 

or front end of the delay network 

tank (fig. 195). 

Remove the rear cover (12) by first 

removing 10 socket-head cap head 

screws (6) and 10 lockwashers (7) 

and shake free any mercury in the 

rear cover. 

Pour out any remaining mercury left 

in the tank housing (14). 

Set the delay network tank upright 

with the opened rear cover end rest- 

ing on one or two sheets of Dextilose 

tissue paper. 

Note. If a broken crystal is encountered 

while disassembling, carefully remove as 

many pieces as can be found. 

Remove the jack (34) and jack shield 

(31) from each transducer assembly 

(28) by removing four fillister-head 

machine screws (386), four  lock- 

washers (385), two socket-head cap 

(2) 

(3) 

(4) 

(5) 

Raytheon Part No. 

207-1020P75 

236-1082P13 

Parts and assemblies 

Socket-head cap screw (8) 

Lockwashers No. 8 (8) 

Bottom cover A 2350 

Insulator disk E2353 

Heater HR2350 

Socket-head cap screws (20) 

Lockwashers No. 10 (20) 

Filler plug O 2351 

Lockwasher 

Packing O 2350 

Centering pins (rear) (2) 

Rear cover A 23864 

Gasket (O-ring) 

Tank housing A 2366 

Roundhead machine screw (2) 

Washers (2) ' 

Plates (for E2350) (2) 

Terminal board E2350 

Identification plate N23852 

Serews (2) 

Crystals Y2350 and Y2351 (2) 

Washers (2) 

Fillister-head machine screw (2) 

Gasket (O-ring) 

Centering pins (front) (2) 

207-1020P75 
236-1082P13 

287-1037P4 

287-1037P4 

Figure 196. Delay line tank, exploded view. 

screws (33), and two lockwashers 

(32). 
Caution: The transducer assembly 

containing the crystals is an extreme- 

ly critical part of the delay network 

tank. Remove only if necessary. 

Carefully remove the two crystal 

backing plates so that the crystal be- 

neath will not become damaged. 

Remove the two crystals (21) and 

O-rings (27) from the transducer as- 

sembly, and put the crystals in a place 

where they will not be lost or broken. 
Remove the front cover (26) of the 

tank by first removing 10 socket-head 

cap screws (6), 10 lockwashers (7), 

and shake free any mercury remain- 

ing on the front cover. 

Remove the large O-ring gaskets (24) 

and (13) set in the grooves at each 

end of the delay network tank. 

Remove eight socket-head cap screws 

(45) and eight lockwashers from the 

diaphragm retaining ring. 

Lift off the retainer ring (47), the 

diaphragm (44), and the gasket (48) ; 

shake off any mercury remaining on 

the diaphragm. 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

Parts and assemblies Raytheon Part No. 

Front cover A 2362 

Packing (O-ring) O 2353 (2) 

Transducer assembly O 2362 (2) 

Lockwashers (4) 

Socket-head cap screws (4) 

Jack shields A 2361 (2) 

Lockwashers 

Socket-head cap screws 
Jacks J2350 and J2351 (2) 

Lockwashers (8) 

Fillister-head machine screws (8) 

Screws (2) 

Lockwashers (2) 

Identification plate N2353 

Lockwashers (2) 

Screws (2) 

Thermostat $2350 

Gasket O 2354 

Diaphragm O 23857 

Socket-head cap screws (8) 

Lockwashers (8) 

Retainer ring O 2355 

Expansion chamber cover A 2359 

Socket-head cap screws (4) 

Lockwashers (4) 

236-1082P9 
207-1020P14 

236-1082P11 
207-1020P38 

236-1015P3 
207-1009P38 

207-1020P13 
236-1082P11 

207-1020P39 
236-1082P11 

> 



461. Reassembly and Filling Tank of Delay 
Network 

a. Cleaning Parts. Parts are cleaned with 

Dextilose tissue acetone, and ether. As parts 

are cleaned, wrap them in a piece of Dextilose 

tissue. Always cut the large sheets of tissue 

to obtain a small piece, because tearing the 

tissue may produce tissue fragments which 

will contaminate parts. For cleaning, use a 

piece of Dextilose tissue approximately 9 by 

9 inches, folded twice into a pad 414 by 414 

inches. Make each wiping stroke with an un- 

used portion of the pad, folding and refolding 

Nitpee tly pee 

at 

the pad as required to obtain an unused sur- 
face. Do not wipe parts on areas of the tissue 

which have been touched by the fingers. Dis- 
card used tissue so that it will not be re-used. 

To wet the pads with acetone or ether, hold 

the pad over the opened mouth of the acetone 

or ether container (usually a bottle with a 

mouth less than 34, in. in diameter) and invert 
the container twice. Briefly swing the pad in 

an arc to distribute the liquid throughout the 

pad. Before starting to clean the parts, wipe 

the fingers first with acetone and then with 

ether, followed by wiping with dry tissue. 

Clean each part as follows: 

TMII67-35-147 

Figure 196—Continued. 

433 



250 ML BEAKER WITH 
MERCURY TO BE FILTERED 

+ 1.0. GLASS TUBE 12"LONG 

CLAMP WITH VINYL SLEEVING 

“yy 12 THICKNESSES OF DEXTILOSE 
TISSUE FOLDED AROUND END 
OF GLASS TUBE 

—=—— 250 ML BEAKER 

pay TMII167-35-148 

Figure 197. Setup for filtering mercury. 

(1) 

(2) 

(3) 
(4) 

Clean part with Dextilose pad wet 

with acetone. - 
Clean part with Dextilose pad wet 

with ether. 
Warning: Ether is extremely toxic, 

especially when inhaled. Keep the 

ether container closed at all times ex- 

cept when wetting the Dextilose pads. 

Avoid breathing the fumes as much 

as possible. Ether is extremely flam- 

mable and ether vapors are extremely 

explosive when mixed with air. Take 

all precautions possible against igni- 

tion. (No smoking, brushless fan 
motors, inclosed switches, etc.). Place 

used Dextilose pads in metal container 

in exhaust air stream. 

Wipe part dry with Dextilose tissue. 

Wrap part in Dextilose tissue. 
Caution: The two crystals in the 

transducer assemblies are fragile. 

Be extremely careful when cleaning 

or handling these items. 

b. Replacing Diaphragm, End Plates, and 

Crystals (fig. 196). To replace the diaphragm, 

end plates, and crystals proceed as follows: 

(1) 

(2) 
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Replace the gasket (43) and the dia- 

phragm (44). 

Replace the retainer ring (47) and 

fasten with eight socket-head cap 

195). 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(1) 

(2) 

screws (45) and eight lockwashers 

(46). 
Set the tank upright, resting the rear 

cover end of the tank housing (14) 

on a sheet of Dextilose tissue. 
Replace the large O-ring gasket (24) 

in the groove on the front cover end of 

‘the tank housing (14). 
Note. The tank body and front and rear 

covers are made of stainless steel as are the 

socket-head cap screws (6). When reassem- 

bling apply a very thin coat of Dow Corning 

No. 4 lubricant to the threads of the stain- 

less steel screws to prevent like metals from 

seizing. 

Replace the front cover (26) and se- 

cure with 10 lockwashers (7) and 10 

socket-head cap screws (6). 

Replace the O-rings (27), the crystals 

(21), and the crystal backing plates. 

Place each transducer assembly (28) 

in place on the front cover and secure 

with three lockwashers (29), and 

three socket-head cap screws (30). 

Replace the jacks (32) and secure 

each with four lockwashers (35) and 

four fillister-head machine screws 

(36). 

Replace the jack shields (31) and se- 

cure each with two lockwashers (32) 

and two socket-head cap screws (33). 

Set the tank upright, resting the tank 

on the jack shields (31). 

Replace the large O-ring (13) in the 

groove on the rear cover end of the 

tank housing (14). 

Replace the rear cover (12) and se- 

cure with 10 lockwashers (7) and 10 

socket-head cap screws (6). Tighten 

the screws evenly. 

Note. The front and rear covers (12) 

and (26) are interchangeable end-for-end 

and may be installed either way. 

c. Replacing Heater and Bottom Cover (fig. 

To replace the heater and bottom cover, 

proceed as follows: 

Replace the heater HR2350, the ter- 

minal strip E2350, and thermostat 

$2350, insulator disk (4, fig. 196), and 

bottom cover (3, fig. 196) on the tank. 

Secure the bottom cover with three 

bottom cover mounting screws and 

lockwashers. 



EMBOSSED RING SUPPORTS 
DIAPHRAGM WHEN FILLING 
TANK. 

DIAPHRAGM 
RETAINER RING 
RESTS ON OUTER 
EMBOSSED RING 

DELAY NETWORK 
TANK 

FILLING STAND 
(NOT SUPPLIED) 

TMII67-35-149 

Figure 198. Delay network tank and filling stand. 

might leak are as far up on the tube 

as possible. 

(e) Wind nylon or linen cord around 

the folds to bind the tissue as tight 

as possible to the tube. 

(3) Secure thermostat $2350 with two 

screws and lockwashers and terminal 

strip E2350 with four screws and 

lockwashers. 

d. Filtering Mercury (fig. 197). To filter 

mercury removed from a delay line, proceed (3) Handle the mercury in small amounts 
as follows: in 250-ml beakers. 

(1) Use an arrangement as shown in fig- (4) Fill the 14-inch tube to about 3, 

ure 197. Do not use glass tubing of 

larger dimensions than that shown. 

These dimensions keep the amount of 

mercury being filtered small enough 

to prevent tearing the tissue paper. 

(2) Construct the filter as follows: 

(a) Fold three thicknesses of 19- by 19- 

inch Dextilose tissues twice to form 

a square 914 by 914 inches. 
(b) Lay one end of the 14-inch glass 

tube from one corner to the center 

of the square. 

(5) 

inches from the top of the tube, and 

allow most of this to filter before re- 

filling. 

Change the beakers used for collect- 

ing the filtered mercury when they 

are about two-thirds full. Keep the 

beakers with the filtered mercury cov- 

ered. 

Note. When properly filtered, the surface 

of the mercury should appear absolutely 

clear. If any detectable scum or particles. 

appear on the surface, refilter the mercury. 

(c) Fold the tissue at right angles to e. Filling Delay Network Tank with Mer- 

the tube and over the end of the cury and Checking Operation (figs. 198 through 

tube. 201). To fill the tank with mercury, proceed 

(d) Fold the far ends of the tissue as follows: 
around the tube in such a manner (1) Set the tank on the filling stand, with 

that open folds from which mercury the filler hole on top (fig. 199). 
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(2) 

(3) 

(4) 

(5) 

(6) 

CORNER 
ELEVATED 

MERCURY 

Adjust the legs of the filling stand so 

that the tank is tipped about 30° with 

the filler hole on the highest corner. 

Pour about 2 pounds of mercury into 

a 250-ml beaker (about 1/3 full) and 

check the surface of the mercury for 

scum and foreign matter. 
Note. Do not use the mercury if any 

foreign substance can be detected with the 

naked eye. 

Carefully pour the mercury in the 

filler hole (avoid spilling). 

Pick up the tank with the fingers sup- 

porting the diaphragm and the tank 

in its same relative horizontal posi- 

tion. 

Slowly press the diaphragm inward 

about 1% inch and slowly release the 

pressure to suck mercury into the 

expansion chamber beneath the dia- 

phragm (fig. 200). 

EXPANSION CHAMBER 
COVER REMOVED 

FILLER HOLE 

ur PLUG 

WASHER 

| O RING 

FILLER PLUG 
ASSEMBLY 

Figure 199. 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

Repeat this procedure until a gurgling 

sound, heard during the process, is 

no longer heard. 

Replace the tank on the stand in its 

original position and add 2 pounds 

more of mercury. 

Expel the trapped air as directed in 

(5) through (7) above. 

Repeat steps (4) through (7) until 

the tank is full. Nearly 30 pounds of 

mercury is required to fill the tank. 

With the tank supported by the filling 
stand, slowly rock the tank from side 

to side to expel any remaining air 

pockets. 

Set down the tank and stand, and if 

necessary, add mercury to bring the 

mercury level up in the filler hole so 

that no air will be trapped beneath 

-TMI167-35-150 

Delay network tank in position for filling, heater assembly removed. 



TMH67-35715) * 

Figure 200. Expelling air from delay network tank. 

(13) 

(14) 

(15) 

(16) 

the filler plug when the plug is in- 

serted. 

Note. Use an eye dropper with a curved 

end to force the last bit of mercury into the 

area around the filler hole where air may be 

trapped. Do not allow mercury to contact 

the rubber bulb of the eye dropper. 

Refer to figure 196. Replace the 

packing (10), lockwasher (9) and 
filler plug (8). 

Supporting the tank with the stand, 

turn the tank over on the filler plug 

side. 

Remove the stand, install the expan- 

sion chamber cover (48), and secure 

it in place with the four lockwashers 

(50) and four socket-head cap screws 

(49). 

Before mounting the tank in its case, 

allow the tank to stand 24 hours and 

then check as follows: 

(a) Connect the test attenuator unit, 

22350, to P2350 and P2351 as 

shown in figure 201. 

(b) Warm up the equipment for 15 

minutes and adjust the signal com- 

parator for red-line readings on test 

meter M2350 (signal comparator). 

(c) Set the TEST SELECTOR switch 
(signal comparator) to the AMPL. 

(d) 

(e) 

(f) 

(g) 

(h) 

(7) 

(7) 
(k) 

BALANCE position and turn off 
the equipment. 

Disconnect Z2350, lay the tank on 

the floor of the signal comparator 

cabinet (diaphragm side up), and 

connect the tank to P2350 and 

P2351 (normal operating connec- 

tions). 

Turn on the equipment; after a 5- 

minute warm up, check the test 

meter deflection on the signal com- 

parator. 
Note. If the deflection is one half the 

red-line deflection or greater, the delay 

network is restored to its original condi- 

tion. If the deflection is below half of the 

red-line deflection, the network may or 

may not be usable, as determined by the 

next step. 

Adjust AMPL. BALANCE Control 

R2354 (signal comparator) for a 

red-line reading. 

Note. The position of R2354 should 

not be more than three-fourths of its full 

clockwise position (assuming midposition 

for the test attenuator; see b above). If 

R2354 is close to full clockwise position, 

subsequent increase of attenuation of the 

delay network will require repair of the 

delay network again within a short time. 

A second attempt to repair the delay 

network as outlined above is recommended. 

As a final check, set the delay net- 

work upright, with the input and 

output jacks on top, and observe 

test meter M2350. 

If the deflection of the test meter 

drops not more than one-eight of 

the red-line deflection and remains 

constant when the line is rocked 

slightly, the delay network is satis- 

factory and can be reinstalled in its 

case as directed in paragraph 459c. 
Note. If the test meter deflection drops 

more than one-eight of the red-line de- 

flection, probably a small amount of air 

is trapped in the tank. 

To remove trapped air, hold the. 

tank in the filling position and add 

more mercury with the eye dropper, 

rocking the tank as required to 

bring the air to the filler hole. 

Replace the filler plug. 

Recheck the network as given in 

(a) through (h) above. 
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J2350 P2350 TEST ATTENUATOR P235l J2351 

Z2350 

DELAY 

NETWORK 

HR2351 

TEST ATTENUATOR BACK OF SIGNAL COMPARATOR 
STOWAGE CLIPS MAIN CHASSIS 

‘TMI167-35-152 

Figure 201. Test setup for testing repaired delay network. 
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CHAPTER 23 

DISASSEMBLY AND REASSEMBLY OF PPI DEFLECTION ASSEMBLY 

462. General 

a. This chapter covers the removal and re- 

placement of electrical and mechanical parts 

and assemblies of the ppi deflection system. 
b. The following procedures are given in 

this chapter. 

(1) Removal and replacement of focus 
coil L602. 

(2) Removal and replacement of deflec- 

tion coil L601. 

(3) Removal and replacement of worm 

: gear shaft assembly O 618. 

463. Removal and Replacement of 
Focus Coil L602 

(fig. 202) 

a. Removal of Focus Coil L602. 

(1) Remove ppi-scope V609 as instructed 

in TM 11-1167-20. 

(2) Remove the tubes from the right side 

of the indicator chassis. 

(3) Remove the four positioning screws 
(1) from the corners of the focus 
coil housing (A). 

(4) Hold the focus coil housing (A) and 
remove the two screws (4) washers 

(2) and lockwashers (3) at the bot- 
tom of the focus coil housing (A). 

(5) Move the focus coil housing (A) away 

from the deflection coil housing (D) 

and remove the end shield (C). 

(6) Unsolder and tag the seven leads on 

the focus coil (B). 

(7) Remove the focus coil. 

b. Replacement of Focus Coil L602 (fig. 
202). 

(3) Replace the end shield (C). 

(1) Insert the focus coil (B) into the 

focus coil housing (A) so that the 

numbers on the coil coincide with the 
numbers on the housing. 

(2) Solder the seven leads to the focus 
coil assembly. 

Note. <A piece of tape can be used to 

hold the end shield to the deflection coil 

housing. 

(4) Replace the focus coil housing (A) 

but do not tighten the four position- 

ing screws (1). 
(5) Replace the two screws (4) washers 

(2) and lockwashers (3) at the bot- 
tom of the focus coil housing (A). Do 

not tighten these screws. 

(6) Replace the tubes at the right side 

of the indicator chassis. 

(7) Replace ppi-scope V609 as instructed 

in* TM: 11—-1167—20. 

(8) Set the system POWER switch S602 

to the ON position. 

(9) Disable interlock S603 (fig. 158). 

(10) Set the ppi CENTERING controls 

R662 and R665 (fig. 150) to the center 

of their rotation. 

(11) Increase the ppi INTENSITY until 

the beam can be seen on the ppi scope. 

(12) Adjust the four positioning screws 

(1) at the focus coil housing (A) 

until the beam is as close to the center 

of the scope as possible. 

(13) Tighten the two screws (4) at the 

bottom of the focus coil housing. 

(14) Adjust the PPI CENTERING controls 

to the center beam on the scope. 

464. Removal and Replacement of 
Deflection Coil L601 

(fig. 202) 

a. Removal of Deflection Coil L601. 

(1) Remove L602 and the ppi tube (par. 

463a(1) through (5)). 

(2) Remove the synchro receiver (G) by 

removing the four screws (12) from 

the motor mounting (H). 

(8) Remove the cylindrical coupling (E).: 

(4) Remove the flexible cables from R662 

and R665 (fig. 150). 

(5) Remove the top cover (R) from the 

deflection coil housing (D). 

(6) Unsolder, remove and tag the four 

leads which enter the deflection coil 

housing (D). 
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(7) 

(8) 
(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 
(16) 

(17) 

(18) 
(19) 

(20) 

(21) 

(22) 
(23) 
(24) 
(25) 
(26) 
(27) 
(28) 

Remove the three screws, washers, 

and nuts which hold the terminal 

board (fig. 150) to the top of the 

deflection coil housing (D). 

Remove the AZIMUTH knob (J). 
Hold the deflection coil housing (D) 

and remove the six screws (18) which 

hold the housing to the ppi shield. 

Rotate the deflection coil housing 
(D) slightly from its original position 

while pulling the flexible shaft assem- 

bly (1) from the front panel of the 

indicator and remove the deflection 

coil housing (D). 

Remove the side cover (K) from the 

deflection coil housing (D). 

Remove the spring contact assembly 

(P) from the deflection coil housing 

(D). 

Remove the six screws (7) from the 

side of the deflection coil housing (D) 

while holding the deflection coil yoke 

assembly (L). 
Note. Refer to figure 203 during the 

following steps. 

Remove the six screws (18) and the 

31-inch retaining ring (17). 

Remove the phenolic shim (16). 

Remove the phenolic collector support 

ring (15). 

Unsolder the outer collector ring (14) 

from the deflection coil terminal and 
remove the ring. 

Remove the phenolic spacer ring (13). 

Unsolder the inner collector ring (12) 

from the deflection coil terminal and 

remove the ring. 

Remove the phenolic collector support 

ring (11). 

Remove the six screws (1) and re- 
taining ring (2). 

Remove the ball bearing assembly (3). 

Remove the retaining ring (4). 

Remove the worm gear (5). 

Remove the spring washer (6). 

Remove the bevel gear (7). 

Remove the phenolic shim (8). 

Remove the key (10). 

b. Replacement of Deflection Coil L601. 

(1) 
(2) 

Note. Refer to figures 203 and 204 for 

the following steps. 

Replace the key (10). 

Replace the phenolic shim (8). 

(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 

(11) 

(12) 
(13) 

(14) 

(15) 
(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

Replace the bevel gear (7). 

Replace the spring washer (6). 

Replace the worm gear (5). 

Replace the retaining ring (4). 

Replace the ball bearing assembly (8). 

Replace the retaining ring (2). 

Replace the six screws (1). 

Replace the phenolic collector support 

ring (11). 

Replace the collector ring (12) and 

solder the inner deflection coil termi- 

nal. 

Replace the phenolic spacer ring (13). 

Replace the second collector ring (14) 

and solder to the outer deflection coil 

terminal. 

Replace the outer phenolic collector 

support ring (15). 

Replace the phenolic shim (16). 

Replace the 31-inch retaining ring 

(17) with the six screws (18). 
Note. Refer to figure 202 for the follow- 

ing steps. 

Attach the yoke assembly (L) to the 

deflection coil housing (D) by insert- 
ing six screws (5) washers (6) and 

lockwashers (7) through the side of 

the deflection coil housing (D) and 

the retaining ring (4, fig. 203). 

Replace the spring contact assembly 

(P) with the two screws (22) washers 

(24) and lockwashers (28). 

Replace the side cover of the deflection 

coil housing with the five screws (17) 

washers (15) and lockwashers (16). 

Hold the deflection coil housing at its 

normal position behind the ppi shield 

and insert the end of the flexible 

shaft (I) into the AZIMUTH control 

opening in the front panel. 

Replace the six screws (18) which 

hold the deflection coil housing (D) 

to the ppi shield. 

Replace the AZIMUTH knob (J) and 

tighten the set screw. 

Replace the terminal board (fig. 150) 

to the top of the deflection coil hous- 

ing with the three 8-32 by 34-inch 

screws, 5/16-inch hexagonal nuts, 

washers, and lockwashers. 

Resolder and replace the four leads 

to the spring contact assembly (P) 
and switch (Q). 
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Screws 4-40 by %6 (6). 8 Phenolic shim O 612. 15 Phenolic collector support ring.* 
Retaining ring O 608. 9 Deflection coil L601. 16 Phenolic shim O 612. 
Ball bearing assembly O 607. 10 Key O 668. 17 Retaining ring O 666. 
Retaining ae O 609. et! pee collector support ring.* 18 Screws 4—40 by 1 (6). 
Worm gear O 610. 12 ollector ring.* * ; 
Spring washer H602. 13 Phenolic spacer ring.* rar of collector tae 
Bevel gear O 611. 14 Collector ring.* 

— j 
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Figure 203. Deflection coil yoke assembly, exploded view. 
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m (27) 

(28) 
10 

(29) 

Screws 4-40 by %6 
6 

Retaining ring O 608. 
Ball bearing assembly 
O 607. 
Retaining ring O 609. 
Worm gear O 610. 
Spring washer H602. 
Bevel gear O 611. 
Phenolic shim O 612. 
Deflection coil L601. 

Figure 204. Deflection coil yoke assembly, 

cross sectional view. 

(25) Set the cylindrical coupling (E) on 

the coupling plate (F) of the synchro 

receiver (G), insert the assembly into 

6 9 

TMII67- 35-285 

10 Key O 668. (1) 
11 Phenolic collector sup- 

port ring. (2) 
12 Collector ring. 
13. Phenolic spacer ring. 
14 Collector ring. 
15 Phenolic collector sup- 

port ring. 
16 Phenolic shim O 612. 
17 Retaining ring O 666. 
18 Screws 4—40 by 1 (6). 

the deflection coil housing (D), and 

engage the cylindrical coupling with 

the coupling plate (M) on the worm 

gear shaft assembly (N). 

Replace the top cover (R) to the de- 

flection coil housing (D) with the 

four screws (34) washers (82) and 

lockwashers (338). 

Attach the flexible cables to R662 and 

R665 (fig. 150). 
Replace the four screws (12) and lock- 

washers (11) and the motor mounting 

(H). 

Replace the focus coil (par. 4630). 

465. Removal and Replacement of Worm 
Gear Shaft Assembly O 614 

(fig. 202) 

a. Removal of Worm Gear Assembly O 614. 

Follow the procedure given in para- 

graph 464a(1) through (11). 

Remove the two screws (19) washers 

(21) and lockwashers (20) holding 

the worm gear shaft assembly (N) 

and shims (QO). 

b. Replacement of Worm Gear Shaft Assem- 

(1) Replace the worm gear shaft assem- 

bly (N) and shims (O), if used, with 

the two screws (19) washers (21) and 

lockwashers (20). 

(2) Follow the procedure given in para- 

graph 464b(19) through (29). 



RESISTOR COLOR CODE MARKING 

(MIL-STD RESISTORS) 

AXIAL-LEAD RESISTORS 

(INSULATED) 

04 5d 

Me%e% SON N B09 aX 

TOLERANCE 

MULTIPLIER 

SECOND SIGNIFICANT FIGURE 

FIRST SIGNIFICANT FIGURE 

RC-COMPOSITION 

MULTIPLIER 

SECOND SIGNIFICANT 

FIGURE 

FIRST SIGNIFICANT FIGURE 

(DOUBLE WIDTH SIGNIFIES 
FIXED WIRE-WOUND 

RESISTORS) 

RU-WIRE- WOUND 

RADIAL-LEAD RESISTORS 

(UNINSULATED) 

(END) 

TOLERANCE 
(BODY) 

SECOND 

SIGNIFICANT 

FIGURE 
MULTIPLIER 

(DOT OR BAND) FIRST 

SIGNIFICANT 

FIGURE 

RZ-COMPOSITION 

(END) 

TOLERANCE 
(BODY) 

SECOND 

SIGNIFICANT 

FIGURE 

MULTIPLIER 

(DOT OR BAND) FIRST 
SIGNIFICANT 

FIGURE 

RZ-COMPOSITION 

RESISTOR COLOR CODE 

FURST SECOND 

SIGNIFICANT 

FIGURE 

SIGNIFICANT 

FIGURE 

COLOR COLOR MULTIPLIER COLOR 

Te [ee fe fee 
YELLOW 10,000 

PURPLE 7 

(VIOLET) 

RESISTANCE 

TOLERANCE 

(PERCENT) 

SILVER 

Te [pe 
* FOR WIRE-WOUND-TYPE RESISTORS, BAND A SHALL BE DOUBLE-WIDTH. 
WHEN BODY COLOR IS THE SAME AS THE DOT (OR BAND) OR END COLOR, 

THE COLORS ARE DIFFERENTIATED BY SHADE, GLOSS, OR OTHER MEANS. 

EXAMPLES (BAND MARKING): EXAMPLES (BODY MARKING): 
10 OHMS +20 PERCENT: BROWN BAND A, BLACK BAND B; 10 OHMS +20 PERCENT: BROWN BODY; BLACK END; BLACK DOT 

BLACK BAND C; NO BAND D. OR BAND, BODY COLOR ON TOLERANCE END. 

4.7 OHMS +5 PERCENT: YELLOW BAND A; PURPLE BAND B; 3,000 OHMS +10 PERCENT: ORANGE BODY, BLACK END; RED DOT 

GOLD BAND C; GOLD BAND D. OR BAND, SILVER END. STD-RI 

PURPLE > 

(VIOLET) 

Figure 205. Resistor color code markings. 443 



CAPACITOR COLOR CODE MARKING 

(MIL-STD CAPACITORS) 

TYPE INDICATOR * 

FIRST SIGNIFICANT FIGURE 
SECOND SIGNIFICANT FIGURE 

INDICATOR 
(READING DIRECTION) 

| aE | 

DECIMAL MULTIPLIER * * 
TOLERANCE 
CHARACTERISTIC 

* BLACK DOT: MICA DIELECTRIC 
SILVER DOT: PAPER DIELECTRIC 

**INDICATES NUMBER OF ZEROS ON PAPER TYPE. 

MICA (CM) AND PAPER (CN) 

SECOND SIGNIFICANT FIGURE 
FIRST SIGNIFICANT FIGURE 
TEMPERATURE 
COEFFICIENT 
INNER- ———ec—> 
ELECTRODE TERMINAL 

SECOND SIGNIFICANT FIGURE 
FIRST SIGNIFICANT FIGURE 

TEMPERATURE 
COEFFICIENT 

DECIMAL MULTIPLIER 

CAPACITANCE TOLERANCE 

DECIMAL MULTIPLIER 

CAPACITANCE TOLERANCE 

INNER-ELECT RODE 
TERMINAL 

NOTE: ! ! 
SPOTS MAY BE USED INSTEAD OF BANDS; TEMPERATURE 

COEFFICIENT MARKING IS LARGER. 

CERAMIC-TEMPERATURE COMPENSATING (CC) 

MIL BUTTON-MICA 
IDENTIFIER (BLACK) 

FIRST SIGNIFICANT FIGURE 

SECOND SIGNIFICANT FIGURE 

DECIMAL MULTIPLIER 

CHARACTERISTIC CAPACITANCE TOLERANCE 

BUTTON-MICA (CB) 

SECOND SIGNIFICANT FIGURE 

DECIMAL MULTIPLIER 

CAPACITANCE TOLERANCE 

FIRST SIGNIFICANT FIGURE 

CHARACTERISTIC 

MIL IDENTIFIER 

(BLACK DOT) 

INNER-ELECTRODE 
TERMINAL | 

CHARACTERISTIC FIRST SIGNIFICANT FIGURE 

SHE scons SIGNIFICANT FIGURE 

| f jes tet make ce MULTIPLIER 

CAPACITANCE TOLERANCE 
MIL IDENTIFIER 
(BLACK SPOT) 

NOTES: 
1. SPOTS MAY BE USED ON TUBULAR CAPACITORS; 

CHARACTERISTIC SPOT IS LARGER AND MIL IDENTIFIER 
1S ON SIDE DIAMETRICALLY OPPOSITE COLOR SPOTS. 

. MIL IDENTIFIER OF DISK TYPE !S ON REVERSE SIDE; 

CHARACTERISTIC SPOT IS LARGER OR SPACE BETWEEN 

CHARACTERISTIC AND TOLERANCE SPOTS !IS THREE 

TIMES SPACE BETWEEN ADJACENT SPOTS. 

3. TOLERANCE: YELLOW, +100%,—-20%. 

CERAMIC-GENERAL PURPOSE (CK) 

CAPACITOR COLOR CODE 

MULTIPLIER CHARACTERISTIC. TOLERANCE 2 

NUMBER 
DECIMAL CM| CN| CB} CK CM CN 

TEMPERATURE 
COEFFICIENT 

(UUF/UF/°C) 

IOUUF | ~ : OR LE 

SIG 

FIG. 
COLOR 

OVER 
IOUUF t 

BLACK 

BROWN 

YELLOW 

BLUE 

PURPLE 
(VIOLET) 

GRAY 

WHITE -330(+500) ° 

GOLD 

SILVER 

1. LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-C SPECIFICATIONS. 

2. IN PERCENT, EXCEPT IN UUF FOR CC-TYPE CAPACITORS OF IO UUF OR LESS. STO-Cl 
3. INTENOED FOR USE IN CIRCUITS NOT REQUIRING COMPENSATION. 

436 Figure 206. Capaciter color code markings. 



FRONT PANEL 

H 
BERET | 220 oot COHO 

V506 | ov tia7y | PREAMPLIFIER 
5654 j 500% 

KEEP- ALIVE 
3D SIGNAL IF RECTIFIER 
PREAMPLIFIER v50l 

V225 IZ2 
5654 

2D SIGNAL IF 
PREAMPLIFIER 

V224 
5654 

IST SIGNAL IF LOCAL 
PREAMPLIFIER OSCILLATOR 

Vv232 vs05 
5670 2C40 

PREAMPLIFIER OSCILLATOR 
ASSEMBLY 

NOTES: 

- VOLTAGE AND RESISTANCE MEASUREMENTS TAKEN TO GROUND WITH MULTIMETER TS-352B/U (20,000 OHMS-PER-VOLT)UNLESS OTHERWISE INDICATED. 
- VOLTAGE READINGS ABOVE LINE, RESISTANCE READINGS BELOW LINE. 
METER SCALE (VOLTAGE): HIGHEST SCALE THAT GIVES NEAREST TO ONE-THIRD DEFLECTION. 
METER SCALE (RESISTANCE): SCALE THAT GIVES NEAREST TO ONE-HALF DEFLECTION. 
RESISTANCE MEASUREMENTS TAKEN WITH SWITCH IN POSITION AND ALL FRONT PANEL CABLES DISCONNECTED. 

. RESISTANCE MEASUREMENTS OF V232, V224, AND V225 TAKEN WITH PLUG P228 DISCONNECTED. 

. t INDICATES MEASURED TO PIN b OF J508. 
+ INDICATES MEASURED TO PIN E OF J228. 
% SHOULD BE 500 NOR LESS. IF HIGH READING OBTAINED REVERSE METER LEAD. 
A THIS VOLTAGE IS APPROXIMATE AND VARIES WITH CONDUCTION OF V505, THEREFORE IT WILL VARY WITH THE FREQUENCY OF OSCILLATION. 

. & MEASURED FROM CAP VS5OI TO PIN 3 OF TSO. TMII67-35-194 

SePnNgousun — 

Figure 211. Radar Receiver-Transmitter RT-212/TPS-1D, voltage and resistance measurements 
at tube sockets. 
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Figure 207. Radio Set AN/TPS-1D, 

external cabling diagram. 

(Contained in separate envelope) 

Figure 208. Radar Modulator MD-144/TPS-1D, 

troubleshooting waveforms. 

(Contained in separate envelope) 

Figure 209. Radar Modulator MD-144/TPS-1D, 

voltage and resistance measurements at 

tube sockets. 

(Contained in separate envelope) 

Figure 210. Radar Modulator MD-144/TPS-1D, 

complete schematic diagram. 

(Contained in separate envelope) 

Figure 212. Radar Receiver-Transmitter RT-212/ 

TPS-1D, complete schematic diagram. 

(Contained in separate envelope) 

re Eststearetatststsitt 

TMII67-35-199 

Figure 218. Receiving system bandpass waveforms. 

Figure 214. Signal Comparator CM-36/TPS-1D, 

troubleshooting waveforms. 

(Contained in separate envelope) 

Figure 217. Signal Comparator CM-36/TPS-1D, 

main chassis, voltage and resistance 

measurements at tube sockets. 

(Contained in separate envelope) 

Figure 218. Signal Comparator CM-36/TPS-1D, 

delay amplifier Z1300 and nondelay amplifier 

22300, voltage and resistance measurements 

at tube sockets. 

(Contained in separate envelope) 

Figure 219. Signal Comparator CM-36/TPS-1D, 

complete schematic diagram. 

(Contained in separate envelope) 
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Figure 219—Continued. 

(Contained in separate envelope) 

Figure 220. Metering and mode switching circuits in 

receiving and signal comparing system, composite 

schematic diagram. 

(Contained in separate envelope) 

Figure 221. Indicator IP-141/TPS-1D, A-sweep and 
fixed range marker circuits, troubleshooting 

waveforms. 

(Contained in separate envelope) 

Figure 222. Indicator IP-141/TPS-1D, Ppi-sweep and 
range strobe circuits, troubleshooting waveforms. 

(Contained in separate envelope) 

Figure 223. Indicator IP-141/TPS-1D, voltage and 

resistance measurements at tube sockets. 

(Contained in separate envelope) 

Figure 224. Indicator IP-141/TPS-1D, complete 

schematic diagram. 

(Contained in separate envelope) 

Figure 226. Antenna Base AB-221/TPS-1D, complete 

schematic diagram. 

(Contained in separate envelope) 

Figure 227. Antenna positioning system, composite 

schematic diagram. 

(Contained in separate envelope) 

Figure 228. Synchro components, composite 

schematic diagram. 

(Contained in separate envelope) 

Figure 229. Ac power distribution, composite 

schematic diagram. 

(Contained in separate envelope) 

Figure 229—Continued. 

(Contained in separate envelope) 

Figure 231. Distribution of +27 volts de power, 

composite schematic diagram. 

(Contained in separate envelope) 

Figure 232. Power Supply PP-674/TPS-1D, voltage 

and resistance measurements at tube sockets. 

(Contained in separate envelope) 

Figure 233. Power Supply PP-674/TPS-1D, 

complete schematic diagram. 
(Contained in separate envelope) 

Figure 233—Continued. 

(Contained in separate envelope) 



NOISE LEVEL AMPL 6TH SIG IF AMPL 4TH SIG IF AMPL 

v3z07 ™ v306 V304 

5654 5654 5654 

5TH SIG IF AMPL 
V305 
5654 

3D SIG IF AMPL 2D SIG IF AMPL IST SIG IF AMPL 
V303 v302 Vv30l 
5654 5654 5654 

NOTES: 

|. VOLTAGE AND RESISTANCE MEASUREMENTS TAKEN TO GROUND WITH MULTIMETER TS 352B/U 

(20,000 OHMS-PER-VOLT)UNLESS OTHERWISE INDICATED. 

2. VOLTAGE READINGS ABOVE LINE, RESISTANCE READINGS BELOW LINE. 

3.METER SCALE ( VOLTAGE): HIGHEST SCALE THAT GIVES NEAREST TO ONE-THIRD 

DEFLECTION. 

4. METER SCALE (RESISTANCE ): SCALE THAT GIVES NEAREST TO ONE -HALF DEFLECTION. 

5. RESISTANCE MEASUREMENTS TAKEN WITH ALL FRONT PANEL CABLES DISCONNECTED. 

6. ALL MEASUREMENTS TAKEN WITH THE CONTROLS SET AS FOLLOWS: 

OPERATION SELECTOR COHO ADJUST 

OFF 

TEST SELECTOR 

ALL OTHER FRONT PANEL AND CHASSIS CONTROLS IN NORMAL OPERATING POSITIONS. 

7% % MEASURED TO PIN 8 OF V3307 OR TERMINAL C OF Z301. 

8. t VARIES WITH SETTING OF |I.F. AMPL.LEVEL| R2350, 

9.8 MEASURED WITH TS~-505/U (VTVM). 

10.# VARIES WITH SETTING OF |COHO LEVEL] R235!I AND |I.F. AMPL. LEVEL] R2350. 

11.0 IF INCORRECT READING !S OBTAINED, REVERSE METER LEADS. TMI167-35-196 

Figure 215. Signal Comparator CM-36/TPS-1D, 60 me IF amplifier Z301, voltage and resistance 
measurements at tube sockets. 
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Ox 

+148V t 

1,100t 

6.3VAC 

Oo 
COHO AMPL 3D COHO IF AMPL 1ST COHO IF AMPL 

v354 v352 V350 
5654 \ 5654 Sik 5654 

oe 

2D COHO IF AMPL 
V35I 
5654 

NOTES: 

1. VOLTAGE AND RESISTANCE MEASUREMENTS TAKEN TO GROUND WITH MULTIMETER TS 352B/U 
(20,000 OHMS-PER-VOLT) UNLESS OTHERWISE INDICATED. 

2. VOLTAGE READINGS ABOVE LINE, RESISTANCE READINGS BELOW LINE. 

3. METER SCALE (VOLTAGE): HIGHEST SCALE THAT GIVES NEAREST TO ONE-THIRD DEFLECTION. 

4. METER SCALE (RESISTANCE): SCALE THAT GIVES NEAREST TO ONE-HALF DEFLECTION. 

5. RESISTANCE MEASUREMENTS TAKEN WITH ALL FRONT PANEL CABLES DISCONNECTED. 

6. ALL MEASUREMENTS TAKEN WITH THE CONTROLS SET AS FOLLOWS: 

OPERATION SELECTOR COHO ADJUST 

RADIATE 

TEST SELECTOR 

ALL OTHER FRONT PANEL AND CHASSIS CONTROLS IN NORMAL OPERATING POSITIONS. 

7. % MEASURED TO PIN 8 OF V3307 OR TERMINAL C OF 2350. 

8. t VARIES WITH SETTING OF |COHO SYNC] R2355. 

9. ¢ VARIES WITH SETTING OF |COHO LEVEL] R235I. TMI167-35-195 

Figure 216. Signal Comparator CM-36/TPS-1D, coherent oscillator Z350, voltage and resistance 

measurements at tube sockets. 
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ve.3act v6.3act 

TOP VIEW TOP VIEW 
OF SOCKET OF SS OCKET 

V 300AG V_300AC 

NOTES: 

|, ALL MEASUREMENTS TAKEN FROM DESIGNATED PIN TO GROUND 
UNLESS OTHERWISE STATED USING A 20,000 OHM-PER-VOLT 
METER.ALL VOLTAGES ARE D-C UNLESS OTHERWISE STATED. 
ANTENNA NOT ROTATING.ALL CONTROLS ARE SET AT NORMAL 
ADJUSTED POSITIONS. 

2.ALL RESISTANCE READINGS ARE IN OHMS AND TAKEN WITH 

THE UNIT REMOVED FROM THE EQUIPMENT.MEASUREMENTS 
FOR V70I AND V702 ARE TAKEN FROM TOP SIDE OF TUBE 

SOCKET. 

3. T6.3VAC MAY BE MEASURED BETWEEN PINS 4 AND 9 AND ALSO 
PINS 5 &9. 

+t 2.5VAC MEASURED BETWEEN PINS 2 AND 3. TMI167-35-18| 

Figure 225. Antenna Base AB-221/TPS-1D, vottage and resistance measurements 

at tube sockets. 
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APPENDIX 

REFERENCES 

Following is a list of references applicable 

and available to the field and depot mainte- 

nance repairman of Radio Set AN/TPS-1D. 

SIG 6-TE-113 Tool Equipment TE-113 
SIG 6-TE-114 

TB SIG 225 

TM 11-919 

TM 11-978 

TM 11-1080A 

TM 11-1093 

TM 11-1167-10 

TM 11-1167-20 

TM 11-1177 

TM 11-1228 

TM 11-1242 

Tool Equipment TE-114 

Radioactive Electron Tube 

Handling 

Gasoline Engine Generator 

Set, PU-107/U 

Motor Generators PU-20/C, 

PU-20A/C, and PU-20B/ 

C. 

Test Set AN/GPM-1 

Dummy Antenna TS-—235/UP 

Radio Set AN/TPS—1D Oper- 
ator’s Manual 

Radio Set AN/TPS-1D Or- 

ganizational Maintenance 

Pulse Generator Set AN/ 

UPM-15 

Range Calibrator TS—573/U 

Crystal Rectifier Test Set TS-— 

268/U, TS-268A/U, TS- 

268B/U, TS—268C/U, TS-— 

268D/U and TS-—268E/U. 

TM 11-1250 
TM 11-1262 
TM 11-1263 
TM 11-2559A 
TM 11-2695 
TM 11-5030A 

TM 11-5083 

TM 11-5103A 

TM 11-5109 

TM 11-5112 

TM 11-5128 

TM 11-5129 
TM 11-5511A 

TM 11-5527 

TM 11-5553 

Test Set AN/MPM-23 

Test Set TS—172A/UP 

Dummy Load TS—234/UP 

Fluxmeter TS—15C/AP 

Signal Generator TS—452C/U 

Signal Generator TS-—497B/ 

URR 

Electron Tube Test Set TV-— 

7B/U 

Oscilloscope AN/USM-24C 

Coaxial Slotted Line IM—92/ 

U 
Azimuth and Range Indicator 

TP-345/TPS=LD 

Summation Bridge AN/ 

URM-23; Operating, Serv- 

ice and Overhaul Instruc- 

tions 

Oscilloscope AN/USM-50 

Electronic Multimeters TS-— 

505A/U, TS—-505B/U and 

TS-—505C/U 

Multimeter TS-352/U, TS- 
3852A/U and TS—3852B/U 

Signal Generator TS-—419/U, 

Maintenance Instructions 
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GLOSSARY 

Section I. 

The following abbreviations 

ABBREVIATIONS 

supplement 

those given in Section I of the glossaries of 

TM 11-1167-10 and TM 11-1167-20: 

cemf counter electromotive force 

SCV subclutter visibility 

sync synchronizing 

vswr voltage standing wave ratio 

Section Il. 

The following definitions supplement those 

given in Section II of the glossaries of TM 

11-1167-10 and TM 11-1167-20: 

Blind speed—tThe radial velocity of an aircraft 

that produces minimum response from the 

pulse-to-pulse method of mti because the 

target moves exactly 14 wave length between 
transmitted pulses. 

Clutter residue—Returns from stationary tar- 

gets displayed on the indicators of a radar 

set due to the inability of the mti circuits to 

completely cancel the returns from station- 

ary targets. 

Radial velocity—The velocity at which an air- 

craft moves with respect to a fixed point, 

such as the antenna of a radar set. 

Subclutter visibility—The detection of small 

452 

DEFINITIONS 

moving targets flying over larger stationary 

targets. A quantitative measurement in 

units of decibels. An equipment with a sev 

rating of 26 db can detect a moving target 

flying over a stationary target which pro- 

duces 20 times more input to the antenna of 

the radar set. 

Trigger loop—A term applied to a group of 

timing stages in the signal comparing sys- 

tem of the AN/TPS-1D. The trigger loop 

is a signal path that is used to accurately 

establish the time between transmitted pulses 

of the equipment. 

Voltage standing wave ratio—The ratio of 
maximum voltage to minimum voltage meas- 

ured on a transmission line and expressed 

as a ratio of the maximum voltage to the 

minimum voltage. 
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Ac power distribution and control system: 

Paragraph Page 
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355 
351 
316 
282 
407 

259 
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241 
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ESUISC Ci eee t Aee eke ot ae tS 207a 

mterlocks= 5.0 cane eV oer Bed 2076 

ererenCeu ata ssersa leet sm nna 206 

SCHEMA ATAITAT sf atc oo) epee sere eee mee yee om eae 

BHeOr vate ot re eee, eee Ee 155-167 

Troubleshooting based on starting 

DTOCCC UTC Sat ta et Se 3 eee tes 210 

Troubleshooting, +27-volt ~ power 

CSUN t] Ones oo thes ee Fe eo PAA 

Adapter, coaxial cable, RF852 and RF853 471 

Adjustment (See also Alinement.): 
Antenna rotate control_—~.__-__-___ 400 

PES WCC le Seen caps cee eer. ee 367 

ACTIN Ge CONGO] ames me co eee 363 

Warnereateengtiees lass ees 332 

Wohomiuxer Cro02ee0 2 meso 288 

Complete, Radio Set AN/TPS-1D_-_ 447 

ID DICKCr meester ee. Sea 2576, 260 258, 

High voltage, modulator___________ 220 

MOcaROSCcIaAtOrte se ee eee ee Bon 

Magnetron filament voltage________ 231 

INETKetESICTial Sena stereo) eee! mooie 257b 

Mitlenideorealn yo wae ae ee hy ee 333 

DIES Wee Depts oe wn en Do ey 366 

BTeStrACU DOMME te eet ee eroe ee ADC 

Radio Set AN/TPS-1D__________- 446 

Pane ceMarkerss ees 2 eee ee 365 

Relay aprovectives.- oe eee. oe 229 

INE petiOMm Tater =. = as eee 228 

CAS 95 GC al en age a a 245, 246 246, 

Sigua lgikelae eee ee oe en 288 

Slope capacitor C1353_____.__--_-- 331 

STTODECECITCUILS Sc ee 2 Shue. Cae 368 

SUDDIGhe LL DU-VOlts = s\-ou see ele 427 

SUD DiveucoU0sVOlte see ee 428 

S\GICNEOMSWItCh OOL2s—. 2.22 398 

SVNCHTOLSWItCh 9 10052-2_ 45. sone 399 

hirnitgerclay CAMS ian. ane een 430 

Timing relay periods 222. =. -- 429 

Adjustments. (See Controls.) 

PC CILGIGELCStIN Omens a2 2 fe ee sho 342 

Alinement (See also Adjustment.): 

Coherent oselllatonsues. te See 291 

ORT UOSEL La CObe eer ee eee nn! 289 

Radio Set: AN/TPS-1D 2. .-.-.2.- 447 

Receiving circuits, bench_______-__- 804 

Sicnabtheaniplifiers 2k oe See 290 

Amphenol cahle repair_______.-_-__--- 194 

Amplifier. (See Name of amplifier.) 

Analysis mwavel Orme oe Sk eer 

Antenna AS-548/TPS-1D: 

Antenna Base AB-221/TPS-1D: 

Benchstesting ses secs see ee © tes 

Bench troubleshooting____________- 

Controls and adjustments_________-_ 

Paragraph Page 

Exploded-view. (ig. 188). - 2 J.<5. 2S chute es ee 

Runenonrorcontrolsa= =e ae. e 

Removal and replacement of parts__256e, 395 258, 

Schematic/diagramae(ies 226) 5) se nee 

Antenna control adjustment__________- 

AmMtennaeconcrolecinciii tes ea 

Antenna drive assembly 25. 2222522 22. 

Disassembly and reassembly _ - ____. 

Dismounting and mounting__-_____- 

Antennavdrive Motorese= sates eens 

Breaking relays eee oe 

Removalte a eae mets Serene 

Replacements) 4-2. 

Antenna-overload testuee = 2 ee 

Antenna performance test____--------- 

Antenna positioning system: 

Adjustment and alinement__-_------- 

Beneh servicing ae oe ee ee 

Benehutestingaeecec tt ccs eet 

Plocksdiasramungars) ooo se eS oud te ae 

Controls and adjustments_________- 

De resistance of transformers, relays, 

AnCUCOlls saree eee wa ee aL 

Pieldatestin geewe oe ete cs an ie ea 

Hunctionsofcontrols seen espe 

Normal indications at test points _ _- 

Relerence datas nae So eS. | 

Removal and replacement of parts__ 

Schemuuerdiagnam({Gse2 2) a ae ee ee ee eee 

Syneury GineTaMny: (hir225) oko ee ae eee en 

Test equipment: 

IBenchtservi Cin Gam see os eee 

Troubleshooting, preparation___-_--- 

Voltage and resistance chart (fig. 225) 

Antenna spindle, centering__-_-_-------- 

Antenna subassembly O 805, theory_-_-_-- 

A-scope: 

Removal and replacement__-__-_---- 

183 177 

256f 258 
48-51 39 

409 378 
409 378 
386 362 

386 362 
372 

400 374 
145 144 

152-154 153 
452,453 416, 417 
450, 451 410 

152 153 
147¢ —-:146 
452c 416 
abSf 417 
404 376 
403 376 

396-400 372 
405-408 377 

409 378 

386 362 

389 368 
401-404 376 

386 362 
387 368 
388 368 
384 362 
394 372 

406 377 
391 369. 

143-154 142 
393 369 
392 369 

259 258 
49 39 

360 351 
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Paragraph Page 

A-scope—Continued. 

340, 

184, 

127 
342 
319 

"THEORY Seat ee ee ee ee ae 128-133 

Mroubleshootinga= === =a anes 358, 359 

Attenuation, delay line, field testing_____ 340 

Azimuth-Range Indicator IP-141/TPS- 

1D. (See Indicating system.) 

Balance: 

Amplitude, field testing__..________ 342 

IMitin field’testinig ss = se er eneeen mre 341 

Balancer, video: 

Benchstesting =. sss. ¢ a= seers 346 

Troubleshooting 22.555 326 

Balancing circuits: 

Amplitude .J5..3....2..q eee 98, 99 

Ai Gro(cusy Siecle eet ee we meet bt 100, 101 

Bandwidth test: 

Delaygam plier essere ae 339 

Mti repetition rate trigger amplifier__ 337 

Nondelay: amplifiers.) ea eee eee 338 

Bench adjustment: 

Indicator.) 20g 5) Sates hye eens 382 

Modulatorvie) 3? aa: he ea. 241 

ROWensupD Vee eee eee 444 

Receiver-transmitter______________ 304 

Signalecomparator ga. ses ae eee 347 

Bench servicing: 

Antennaibases 2). Syme eet sauie a 405-409 

Indicatonees--. See eee seen 378-381 

Modulator cies 22s ee iat eet 237-241 

POwetisupDplVee: See eee 439-443 

Receiver-transmitter___._.______-_- 300-311 

Signalucomparatol see meee eee 346 

Bench testing: 

Antenna: base. 2s oer eu 409 

Indicators) cee See. ee see sere 383 

Modulator. cs iets atecere siete cree tee 243 

PO WersstlD ple eee eer 445 

Receiver-transmitter________.__-_- 305 

Signaljcomnparatore: eee. ee 347 

Block diagram: 

Antenna positioning system (fig. 79) 

Indicating system: (vg. 9S). ewe ee 

Powersupply (e290) es ae ee 

Recerving system (fig: 24.2. ee ee 

REvsystem (fig? 15 aso eh See ae ee 

Signal comparing system (fig.:40)-. -_____-.-______- 

TTansmMibunge sy. Stems ior) encase ee eee ae eee 

Blocking oscillator, resistor replacement __ 300 

Blownsfuse indicators en ee 156 

Blown-fuses2275 Set ee ee ere ee 188 

Breaking relay, antenna ssss2. e412. sees 147c 

Cable assembly, repair: 

Amphenol. 2..5-< 52/29 te ee 194 

CG=B00 AU sire. atte a ee arene 196, 197 

CG=9A8 / Ui aes a a eae 199 

Coaxtak > Aoife ay oo ena. cae 198 

CXH=1999 Uae ee ee 195 

Cams, timing relay K401: 

Adjustments. e7002 5 24 ne een 430 

Discussion seme eee eae nee 164 

Capacitor shotkts i050 le ee 187 

Carrier channel, 9-me, theory___-_-___-__-_ 82-85 
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Coaxial section, RF855: 

‘Discussion Ss oe pee oe Se eee 

Removal and replacement_________ 

Coherent oscillator: 
A linement esa 20 se ee eee 

Wield: TOStini gO eey= Se aee eee ae aes eae 

Removal and replacement of parts__ 

[E\preamplifiersiege 2. 2st oes 

Mixer adjustment 

Mixer and preamplifier circuits, 

Signal, coupling iris, theory_-_-_____- 

Coho preamplifier: 

Hield testing ae. = eee eee een 

Removal and replacement of parts__ 

Coils, resistance (system): 

Antenna POsltloning === === ess aaa 

De power supply sas see 

Indicating soos sears eae eee 

RRECCLIVIN Gs 5 aeeseee es lee ee 

Signal COMPallN fee ee 

Transmitting. eo ees 

Commecnsnames= = seeeee 2 eee oe 

Control: 

Relay ,antenna —— 4... neck 

System. (See Ac power distribution 

and control system.) 

Control circuit: 

Settings 2 tet cpa pon See» oe cn eee 

‘Transmitter. 22 38 ee eee eee 

Controls (system): 

Antenna positioning______________- 

De powerisupp!l yess se eee 

Indicating) err es eee 

Receiving: 2-8 ee 

SignalicOMmparin ya ee nee 

PEPANSIATt Gin eee eee 

Damaged shipment.) sa405 2 eee 

Deramplitier, Held: testing sae anne 

Dcipo Wer GistriDULIOn sane ae ene 

Dec power supply (+27 volts)_________- 

De power supply system: 

Schematic diagram (fig. 233) 

De resistance of coils, transformers, and 

relays (system): 

Antenna positioning?..c..2.. 6 

De power supply... 2.2220 cugee 

Indicating: =— 4 = oes ree 

Reéceivingss. = ".+ 2. 54 Lee ere 

Signal comparing 

PETA SHA CCID Sere pe en ee 

Deflection coil assembly, removal and 

replacement 
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Delay amplifier: 

320 
319 
315 

358 
319 

319 

318 
317 
318 

318 
317 
318 

240 
288 

319 

318 
317 
318 

289 
287 
285 

357 

ISN ChateScIn? aes yee 3846 

IBTCIGELeS LIN Dee eer ne oe ee SoOMOLaNOLS: 

Removal and replacement________- 328 

SE NCOLVereer eR es ets Se ee a 86-89 

POU eS NOOUIN C= sama) ae alee ee 324 

Delavacircuit theory 2. - sees 164 

Delayed ac power distribution______ 160 

SCHENIALICLCIAGTAI (L1G Zo) ene eee oe 

Delay line: 

WlC ANN Caen eee es kere ere ph 461 

DISA SSO vanes oe ene a de 459 

Field testing, attenuation__________ 340 

UEC GT1) Coane Bebe Ee es Pde 461d 

R@assern Dl Vase ee eae las A 461 

‘eevee, RLU AGES yee ah ie a eee 46le 

BSCS TAUT) LUSpew en some roel mele eee, 105h 

Delay network, removal and replacement 328 

Directional coupler, theory____________- 42 

Disassembly and reassembly: 

ANTON ART Ves ame Steere hoe 452,453 416, 

Delayanetwork.tank2-: Sse. Sue 458-461 425, 

Dismounting and mounting: 

Antenna drive assembly ___________ 449,450 408, 

Delayanetworkitank sis) 22 458, 459 

Duplexer assembly RF503: 
IANGIUSEINICN Cams een eh ee 246, 260 252, 

Removal and replacement_______-_- 255 

INNO a ee SN ae ee 44 

Echo box, measurements_____________- 265 

Field testing: 

PA CCRVO] CAG Cueteua es eretk Se he Pe 342 

ATNGeN Hay OVET OAC 29 ee 404 

Antenna performance____________- 403 

A-cweop channel <2 c2.02 53 3874 

ArconuatonyGelay ine se se =. lee 340 

Balance, delay amplifier. ___.....__ 3842 

Bandwidth: 

Welayrampliiicras: see see 339 

Mti trigger amplifier__________ 337 

Nondelay amplifier___________ 338 

Center frequency: 

Welaveampiiiiere— a ee eee = 339 

Mti trigger amplifier__________ Stl 

Nondelay amplifier. __________ 338 

Coho: 

OSCILAT One wee oe ae scene 229 

ream plitieheme se 2 a ee eee 297 

Dommpulicr e.......e ewe tee 342 
Gain: 

Metayzam Dlificrsss. aaa 339 

Mti trigger amplifier_________~ 337 

Nondelay amplifier__________- 338 

IF: 

Amaya Wire, kaneis. eae oe ee 298 

breainpliiennsi ona lean eee oe 296 

PO CAGSCH ALOlee tee sae eee eee 294 

Markers, fixed-range_.____.--.___-- 371 

VET Dalle eee ees ee tee ee 341 319 
235, 263 242, 259 
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Power supply filament voltage______ 372 

Power supply interlock circuit__-___- 437 

Powemsupply output. = 2-2 e) oe 434 

Ppiesweepychannela. see eae 373 

[eyoyr SAMOA). eS 377 

Radiate interlock relay K405___-___- 436 

RF components, echo box_______-_- 265 

Slope adjustment capacitor, C1353 __ 341 

Spectrum, magnetron_________. Pek 236 

Strobexchanic) aeman i ee vite tee eee 875 

Hhume-cela yvarelay shes 0 tae eee 435 

Video channel, indicator__________-_ 376 

Voltage standing wave ratio (vswr) _- 266 

Filament: 

Supply circuit, magnetron________- 32 

Voltage test, power supply________- 433 

Hi Cerin emer curyse eee ee ae 460 

Filters: 

De resistance of filters in indicating 

SY SL CIIRS mlb rere Fhe oe Eon 853 

FLAT mMmonic sxe etre Aes EM coy os. 58 

IN O1Se x PES SN VEEN ke Sool, 

357 
400 

339 
358 
359 
399 | 
260 
319 
242 

359 
399 
359 
260 

397 
389 
431 

338 
51 

29, 30, 

105d, 142e 100, 141 

Focus coil, removal and replacement ____ 463 

Ormsrandere cor sae se ee ee se = 2 

Function of controls and adjustments. 

(See Controls.) 

Fuses: 

Ae power distribution and control 

SVSUCTIT eee eee ae ret he 207a 

Antenna positioning system________ 387 

BiG wits Few eee Sets Fah a 188 

De power supply system__________- 413 

Endieatinge SV Steniees sey eer ay ae 351 

FRECEL VAN Cnc VS COIN pe meee eae 271 

Ries vector sarees ome sete ene 246 

Signal comparing system__________ 315 

(EEONSMMUUNe SV SLeM see. 22 215 

Gears, antenna: 

ER CTIYO Vict ee i ie ae at a a, eg sR 452d 

Replacements sates 6 ict se) S22 ley 45l1c 

Harmoniciiit erm se see ene: 58 

Heater, HR751: 

UCIT Oia Meee etree ee aia a ae Pacis Wy 452d 

Replacementeaeeee ses ae este! 4538¢ 

Heaters: 

KunctionJ22 225 Bees a a 167 

Dist¥amdiiocationay. 2s 166d 

High voltage: 

Adjustment, modulator___________- 230 

TN Gicd forsee toe eee 2 eh es 35 

Measurements, indicating system ___ 358 

Troubleshooting, indicatimssystem __ 358 

Horn feed assembly and waveguide__-_-_-_ 490 

Indicating system: 

VTS UCN Grete viet a inte ecient 3636 

IBENChuser vicina = ee ere ae 378 

Ted kovelle vohiepemtenen (Gard, tated) ges eae > eres he er ag meee 8 

Controls and adjustments_________- 350 

De resistance of coils, transformers 

ANC TELAY 5 See eee ee ee 353 

439 

5 



Indicating system—Continued 

Rieldttesting2s-c ost sce Neen, 

Function of controls and adjustments 

High. voltarelete ni) Series tere 

Locationioi parts 6 2ae ae ee 

Miscellaneous circuits____________- 

Referencte-datam as eee ee 

Removal and replacement of parts__ 
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Schematie dia grannis(hio.: 204.) esr eee ee ae 

Test equipment required for trouble- 

SHOGEIN Sse eee kee eee Wee omen ee 

Troubleshooting charts____________ 

Voltage and resistance chart (fig. 223) 

Waveforms (figs. 221, 222) 

Interlock: 

Circuit, power supply, test_________ 

Macnetron sy cnen e pre ae aera san 

Tnterlocks Sistitse epee aes ae 

Intermitten teh) yer ee agen aera ee 

TSOLATION ee os ee a ete en a Pee 

Keep-alive power supply: 

Measuremien tesiiiesec So ee Ree 

Loading, voltmeter___________-_- pas Sees 

Localizationasaee ee eee oe 

Loeal oscillator: 

Aline Ment spies ae ce ee 

Assembly at heOry sae one eee 

Magnetron: 

Filament supply circuit___.._.___-_- 

Filament voltage adjustment____-__- 

Interlock’: — 2 Sete: ast Are 

Marker: 

Adjustment... ..f!2 3A Sse 

Field testing. 35-25 Sees ee Dee 

Linkiconnéctions: = 324 s. Seaeeee 

Measurement: 

Currenteteae. Bere. ote se 

Resistance ..2.0 54 2272. waves, teat 

Voltageie. 6 ace 22.2 ec cree tore ere 

Mercury delay network, removal and 

replacements: Bake. cepa hea 

456 

369 356 

350 336 

351 338 

139, 140 1389, 140 

849 822 

141,142 140,141 

348 B22 

360 Sil 

356 339 

352 338 

106-142 102 

355 339 

437 400 

30 27 

161, 207b 159, 192 

192 180 

180d 174 

254 257 

256a 257 

45 36 

185 net 

180c¢ 174 

257b, 289 258, 283 

55 47 

54-56 47 

294 285 

57 50 

55 47 

283 281 

182,189 176,179 

385 362 

411 380 

849 822 

269 263 

313 297 

213 Zt 

82 27 

231 241 

380 27 

236 242 

29 26 

30 OA 

865 352 

371 357 

365e 353 

186 ile7/ 

184 PEG 

184 177 

328 315 
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Mercury, saillingofmank2= 5. ee 461e 435 

Mercury afiltering sae ee ee 461d 435 

Meter cireut, M502. ca rtase tegen 11 16 
Metering Circulismes = ae 9 ene eee 156 156 

Miscellaneous circuits (system): 

Jrdicating se 8G eC eee 141, 142 140,141 

Sicnalicomparin gees = oe eae 104,105 99,100 

-Rransypitiing- 2-2 ees ee eee ene 33-37 29 

Modes of operation... 2.~.-=----2-45 5 11 
Motor: \ 

Antennatdrivenee te 28. 5s. es ee 1s 153 

Control; feedback saat ee 150 150 

Controltrelayso-se ae ae eee 147 146 

"Tn ing ke ug hy to ad eat eee ee er ee 56 50 

Mounting. (See Dismounting and 

mounting.) 

Mti: 

Balancertest somaya een 341 319 

Bandwidth, trigger amplifier, field 

Tes tstiec ic: eke. A: ue ae 337 317 

Bench servicing, trigger amplifier___ 325 311 

Center frequency, field testing______ 23 23 

Gain: fielditestingsse. oe. se see 337 Oly: 

Limitationss2@2e2 5. 252 eee 4f 9 

Modem 2% 2:5, ha ee 5 11 

Principlessa)< 22. 3S ees 4 6 

Trigger amplifier, removal and re- 

placementd 4 fe ta 2) ee ee 3270; Goma Lb 

Trigger amplifier, troubleshooting 

chartietvawe: ts od oe See ee 325 311 

Video gain adjustment___________- 333 316 

Multivibrator resistor replacement_____-_ 355 339 

MOO taal ese ee 8e 6 

Noise suppressor... snaps eek See 33, 31, 29s 00; 

105d, 142e 100, 141 
Nomen cl acure sts) ee ann nee ee 3,.L82 Dy LLG 

Nondelay amplifiers: 

Bench troubleshooting_____________ 346c 320 

Rield testing ian sea eet aon ee 338 318 

Removal and replacement_________ 327a 315 

TAReOry2 2292 32 ee ee eee 91 84 

Troubleshooting chart___________-- 323 309 

Nondelay channel, theory______________ 90-92 83 

Normal readings on panel meters (system): 

Dc POwerMsupD! Vie see eee 414 383 

Receiving 3a) Seer” ie ee eee Pat We 269 

Signalvcom Darin eee eee 316 305 

“Dransiaieein G90) oe ee 216 232 

Number reference chart____________- oe 182 176 

Opération7 modes. == 22222. <= oe 5 VA 

Output voltage test, power supply___-__- 434 399 

Overload circuit, antenna drive motor__-_ 151 151 

Panel meters, normal readings. (See 

Normal readings on panel meters.) 

Parts location. (See Location of parts.) 

Power: 

Distribution, troubleshooting chart__ 210 195 

Outpitetransmittver. »ases 2 see eee 224 237 

Receptacles 2255 se eee 156 156 

Power supply, keep-alive: 

IM pasineinente Sn ote i ee 253 256 



Power supply, keep-alive—Continued 
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Removal and replacement_________ 255a 257 

HLHCOTV ae rere oes et SAEs aN 45 36 

Power Supply PP-674/TPS-1D: 

PN CTUISUNIONUS Meme 2 on eee aL 4256 395 

SENLENVEERVICING = oe sie wees eee 439 400 

IS CK OTA FLO 9) eee kee ecg oer eee en es 

PMO AUSOS Soe Bh Pia un wads 188 179 

Controls and adjustments_________- 412 382 

De resistance of transformers, coils, 

andsrela Vs ark ewe hae « 416 305 

PRE IGNbOSUING Cee 2 8 oa A cect ea 433-438 398 

Function of controls and adjustments 412 382 

Tmdicatorenigh voltages. 2s 22.8 139, 140 139, 140 

Normal indications at test points__-_ 415 383 

Normal readings on panel meters_ _- 414 383 

PePOUCeWIOtE eto eeu je 410-439 296 

Removal and replacement of parts_-_ 420 390 

Schemancediagral (il ewe oo) e 1 - See ane ee ee eee 

MUTI ESO tee oe 415 383 

Troubleshooting chart____________- 420 390 

Troubleshooting chart, bench_-_ -_-__- 443 402 

Troubleshooting, preparation_______ 419 389 

Voltage and resistance chart (fig. 232)________________ 

Ppi: 

Removal and replacement of parts__ 360-362 351 

Sweep adiustiientsoe sell Les 366 354 

SyNenronizablon ese eo ee 3877 359 

MpOMesnOOun woes 8 358, 359 340, 342 

Preamplifier: 

eae Meee, Se i a ne 65,66 59, 60 

Ser BL: hay i De ee a 2 ee 59 52 

preliminary checks... 20... sess. 209 194 

Pre-trntupe adjustment...) 257c¢ 258 

Protection circuit, antenna drive motor__ 146 144 

Fulse forming network. J._.2.....-..- 26 24 

Patiiseruranslormens me jo ose eh. oe 28 26 

Radar Modulator MD-144/TPS-1D: 

Bencheadjustment-. 0) 3 ee eee 241 244 

BenChesehVICINeG ws a.) Vea eee eee 237-241 243 

Bench testing s 423s. 20S Ae 243 245 

POCRatMAyralt (EAD) S522 ses eee ee ee eo a 

De resistance of coils and relays-_-_-_-_ 2184 232 

Removal and replacement of parts__ 224, 280 238, 280 

penemmuici diagram, (fig..210).4.. i ob eee. a 

Test points, normal indication______ 217a 232 

Voltage and resistance chart (fig. 209)_______________- 

Nearer charting, DOS) Ais. 0. See eh 

Radar Receiver-Transmitter RT-—212/ 

TPS-1D (See also Receiving system 

and transmitting system.): 

Alinement and adjustment of re- 

ceiving components, bench___-__- 304 295 

Bench servicing, receiving circuits__ 300-303 293 

Bench testing, receiving circuits_ ___ 305 295 

Controls and adjustments__________ 270a 267 

De resistance of transformers and 

POURED cra ae Po a See Se 2186 233 
Function of controls and adjustments 270a 267 

Normal meter readings___________ 272a, 216a 269, 232 

Removal and replacement of parts__ 224, 238, 

280-284 280 
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Schematic diagram (figs 212) sven er Pau beet 

Test points, normal indication______ 

Troubleshooting, preparation_______ 

Radio Set AN/TPS-1D: 

Alinement, complete_____________- 

HeOStin mmr AL aie Sle fie lel eee. aotey eae 

Reassembly. (See Disassembly and re- 

assembly.) 

Receiving system: 

Alinement and adjustment_________ 

Bench alinement and adjustment ___ 

IBench¥senyi cih ommneewanetan se ee 

Benchrtesting ease ee en 

286-291 
304 

282-284 

locksdtae rating tos 24) ne eee enc ee eee ee 

Controls and adjustments______-_-__- 

De resistance of transformers, coils, 

ATIC Eel Ay. S ae meno Te mney tO tA 2 

Biel dtestin came ate 2 etree ew OE 

Funetion ofscontrolsee es ss 

Normal indications at test point____ 

Normal readings of panel meters____ 

Reférencetdaca = ela ot se 

Removal and replacement of parts__ 

268, 300 

Schematicndiagramufig. 212) 2. 2252 > eee 

Test equipment: 

Alinementeme we eer oS vse 

Voltage and resistance charts (figs. 

54-72 47-66 

OTe pO eames 4 ie TUTTE Sw OWe ye 
Wavclormsntigaed.s) pata toe re Peele Sa Me 1 Sh 

Receptacles; muwermeace a 2 eet arse 

Records formsiand meme ene ae ee eee 2 

Reference data: 

De power supply system__________- 

Indicatinxis ystems aren ees ak 

IR@cenvangisVsSteMmee ele 4s Set 

RUE SVSUCTIINE Mee eh sen) ee Lint La ayiel aoa oe 

Signal comparing system_________- 

Transmittin oe Systele ao ses eee 

P roubleshooting ese swe eee ee 

Troubleshooting, starting procedure _ 

Relay: 

ACUStMent, 40 beeen 2 ete ae 

Breaking -antennasss ss. s22 5 625 

Field test: 

Miainnpowenr 4 02ee as eee 

Motorscontrol ss) aac a> 27ers See 

Protective, Ki 5 1] ease Sees ee bes 

ACL atOH IS DO 2s tiene Se Le ee 

Resistance: 

Antenna positioning system_--__ 

Power supply 2 ese ee ae 

Receiving system see aes 222 oe 

Transmitting system______--_-- 

Shutter gate, K501, theory________- 

Test. SKA 0 1 Meh ee es Red” aa 

Time-delay circuit, theory_______-_- 

410, 439 
348, 378 
268, 300 

244 
312, 343 
212, 237 
181, 182 

206 

429, 430 

147c 

46 

430¢ 

164 

388, 400 
322, 360 
263, 293 

246 
297, 319 
217, 243 
175, 176 

192 

395, 395 
146 

399 
399 
157 
146 

36 

397 

160 

457 



Removal and replacement: 

AntennarvassemD]y = sean ae ee 

(Antenna: base coe Caen el ee eee ee 
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256f 258 
256e, 385 258, 362 

‘A=scopertubes eae ee 360 351 

Blowermmotor. 540 lee eee 424 394 

Capacitor.C 5032.4 2 ae eee 284 253 

Coaxial'line sectionu.,. not. .22 et 256c 258 

Coho: 
Oscillators ses na eee 285 281 

Preamplifiers: sos. ae ee 282 281 

Coil TibQ 1 eee ae Si a Da ee ee 284 281 

Contactaiingers 95. ae se ee 453a, 453f 417, 419 

Coverudelay cline see eee 4606 431 

Cover plate, delay line_______-_-_- 460b, 461c 431, 434 

Crystals on eteee cher he ngs 460c, 4616 482, 434 

Deflection coil 60132222 =e ee 464 439 

Delaygam plier: sees see ee 3827a oo 

Dela vanet wor kece sere ae oe peer eer 328 315 

Diaphrag ieee! = eee eee 460c, 4616 432, 434 

Durplexers 420 Gam aes eee yo 2566 257 

Filters Z151 through Z159________- 225 239 

Mocuspeoilili602 pasos ees eae 463 439 

Gearswan Genin dase enue are hee 452d, 453b,c 416, 418 

Heaterudelay. inci. suena ae 460a, 461c 431, 434 

1008 
AIM plitter 60 pn Cisse = aap ee 285 381 

Rreamplitierss.sen) ee eens 281 280 

IFF. pretrigger chassig_2. 2-2 224a 239 

Keep-alive power supply_______--_-- 256a 257 

Localeoscillatonssweas ss ee 283 281 

Motorgassemb lye en 452c, 453d 416, 418 

Nondelaysamplificrse ==nese= =e 327a So 

Outericonductornss4e 405. 2e = eee 453a, 4538f 417, 419 

Plateyend ius ieesetee oe Se 460c, 4616 432, 434 

Power supply subchassis___________ 422 394 

Ppi=scopevtubeweesses. 2 eee 360 351 

Relay subchassis, power supply___-_- 423 394 

REtransmissioniinesme ss sae 256b Zot 

Rotary) Olin tae eee ee ese 256d, 452b 257, 416 

Servo amplifier chassis____________ 395 372 

Subassemblies Z607, Z608_________- 361 351 

Sym chrosewc. a5 c2 sete eee ee 452c, 453d 416, 418 

Mranstormen 0 meee a eee 284 281 

Arig gerrchacclseas eters sane ee ees 2244 239 

Worm gear shaft assembly_________ 465 442 

Worm shaft 

Repair, cable. (See Cable assembly.) 

Resistance charts. (See Voltage and re- 

sistance chart.) 

Resistance measurements 

RF system: 

Adjustment and alinement_________ 

AGIUStMeNntS 226 as ee ee 

Antenna AS—548/TPS-1D_________ 

Antenna subassembly O 805 

Blocksdiagram: (figs 15) aes ee 

De resistance of transformers and 

Normal indications at test points _-_- 

458 

245 246 

48 39 

49 39 

248 253 

261-266 257-260 

245 246 

246, 252 

247 253 
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Reference! datas >see eee 244 246 

Removal and replacement of parts__ 205 251 

RF transmission line section: 

RF501, removal and replacement __- 256b 207 

RES 01 2theony.ae eee <5 eee 41 ae 

Schematic diagram: 
Antenna Base AB—221/TPS-1D__-_- 225 239 

Ac power distribution and control 

system (fig. 229)... 2-32 2 

Antenna positioning system (fig. 227)_______--------- 

Azimuth-Range Indicator IP-141/ 

TPS-1D (fig. 224)... 3. 

Heaters. (fig. 230)... -.-.._.._.____ rr 

Power distribution, -+27-volt (figs. 

230, 231). 2-2 -=---2 see ee Unt oe ee 

233) cn oso ene se ceee eo scese rrr 

Radar Modulator MD-144/TPS-1D 

(fig. 210)... .-...-.-.--.=-.----. 5 =e 

Radar Receiver-Transmitter RT- 

212/TPS—D (fig. 212)... | 

Signal Comparator CM-36/TPS-1D 

(fig. 219)... 

Synchro diagram (fig. 228)... ____. 2. ee 

Sectionalization au) 22a see 1806 174 

Self-zeroing circuit, synchro___________- 154 155 

Serviceability. (See Field testing and 

Bench testing.) 

Servo amplifier: 
Removal and replacement of parts__ Bis 372 

"THCORY.. 22 gos eo ee 145-151 144 

Shipment, improper or damaged __-_----- 2 5 

Signal Comparator CM-36/TPS-1D (See 

also Signal comparing system.): 

Bench servicing receiving circuits.__ 306-309 295-296 

Controls and adjustments_________- 2706 269 

Function of controls and adjustments 270b 269 

Normal meter readings.___________ 272c 270 

Removal and replacement of parts__ 280 280 

Test instructionsaa 222.2. 2s eeom 3296 315 
Troubleshooting, preparation_______ 277c 274 

Wavelorms ae ee o> 22 ae ee 325 311 

Signal comparing system: 

Adjustment). 222th a ts =e 329-333 315 

Beneh\servicing= —=== 55 ==. 343-346 319 

Block diagram (fig. 40))225_ 2) 4052 ee 

Controls and adjustments_________- 214 231 

De resistance of coils and trans- 

formers: 2S Rage Bitin dC eaeieregea 318 305 

Bielditesting = spas. sere manne cieeee 334-842 317 

Kunetion of controls a= =a 314 304 

Fuses). 3.0022 48 See a coast ee 315 304 

Location of partsa=.2222 = =e 313 297 

Normal readings on panel meter___-_ 316 305 

Reference datas sea ee 312, 343° 297, 319 

Removal and replacement of parts_- 327 315 

Schematic diagrams, (figs 219) =: Ve se oe 

Lestinstructions ses =e 3296 315 

Teatpoints 2 (aera Ge Bee ee 317 3805 

heoryeans es ae eee 82-105 73 

Troubleshooting sae a= Saal e 319-326 306 

Troubleshooting, bench___________- 347 321 
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Signal comparing system—Continued. 

Voltage and resistance chart (figs. 

Qo 8) See ipa ai Ce ee A hertes << chee Bigs SP nieh do! 

WWiAVCLOLINICN 11975214 ieee © aula Ragan ep paen ge eee 

Signal IF amplifier: 

JARVIS AS EL coe eee oe Ae eee 290 

ielditestiicmet sine © es ae se 298 

BC OT Vee 8 ce 5 2 2 Sew arene aie es SE 62-64 

Signal IF preamplifier: 

Miciditestinge@eas- ss Lor. see 296 

Removal and replacement of parts__ 281 

181 SCG) ent ee ton ee 59-61 

Signal mixer: 

PMITTVCHCTI Ce meee ney ce tee ate 288 

seas 2 nS ee ee 60 

Slope capacitor C1353: 

PAYCUINISUIN GN Lape eee ete oe 331 

Biel detestinG saps sane eee 341 

SPecunumemMaynetron) soe. = eee 236 

Spindle, antenna: 

Centering wee eee se fa ee eee 259 

SLBA, WTO ls eye Sees 452e 

Standing wave ratio (vswr) measurements 266 

Starting procedure, troubleshooting based 

DVD eo a a gma ca eae aca pee a I ea 205-211 

Step-by-step troubleshooting chart: 

Welayeamplitier 7130002... a5 324 

Mnicdicabinoesy SleMia assem eee es 358 

MitigCrIg Mek sam pliiene =e == 2 so 325 

Nondelay amplifier Z2300_________- 323 

Power distribution, +27 volts______ PA 

IPOWEerESUDDIVaseeae eae ie eee 420 

ReceIvincesVStem =a ee eee ers 2S) 

TSG RRS Gat tn oe ile ete mele Utes 253 

sran sic ees V GUCH ee see eels ae 223 

Troubleshooting based on starting 

PLO CCAUTeS ass we ee PS ea WET I 210 

Video balancer and amplifier_-_-_--- 326 

Strobe: 

PROVUSCINGN tee eee 2 et 368 

@hannel field testing: — 2. ae. 2 2e 375 

Circuit: 

seh OT Veena eter ee ree ee 125-127 

serOUDIeSHOOUINP esas eee a 358, 359 

Keyer and blocking oscillator_____-_ Ag 
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[AG 413.44 (31 Mar 58)] 

BY ORDER OF Wilber M. Brucker, Secretary of the Army: 

MAXWELL D. TAYLOR, 

General, United States Army, 

OFFICIAL: Chief of Staff. 

HERBERT M. JONES, 

Major General, United States Army, 

The Adjutant General. 

Distribution: 

Active Army: 

ASA (2) 

CNGB (1) 

Technical Stf, DA (1) except CSigO (80) 

Technical Stf Bd (1) 

USA Arty Bd (1) 

USA Armor Bd (1) 

USA Inf Bd (1) 

USA Air Def Bd (1) 

USA Abn & Elect Bd (1) 

USA Avn Bd (1) 

USA Armor Bd Test Sec (1) 

USA Air Def Bd Test Sec (1) 

USA Arctic Test Bd (1) 

USCONARC (5) 

US ARADCOM (2) 

OS Maj Comd (5) 

Log Comd (5) 

MDW (1) 

Armies (5) 

Corps (2) 

Div (2) 

USATC (2) 
Ft & Camps (2) 

Sve Colleges (5) 

Br Sve Sch (5) except USASCS (25) 

Gen Depots (2) except Atlanta Gen Depot (None) 

Sig Sec, Gen Depots (10) 

Sig Depots (17) 

Fld Comd, AFSWP (5) 

Engr Maint Cen (1) 

Army Pictorial Cen (2) 

WRAMC (i) 

AFIP (1) 

AMS (1) 

Port of Emb (OS) (2) 

Trans Terminal Comd (2) 

Army Terminals (2) 

OS Sup Agcy (2) 

USA Sig Pub Agcy (8) 

USA Sig Comm Engr Agcy (1) 

USA Comm Agcy (2) 

TASSA (18) 

USA Sig Eqp Spt Agcy (2) 

USA White Sands Sig Agcy (18) 

Yuma Test Sta (2) 

USA Elect PG (1) 

Sig Fld Maint Shops (3) 

Sig Lab (5) 

Mil Dist (1) 

US Army Corps (Res) (1) 

Sectors, US Army Corps (Res) (1) 

JBUSMC (2) 
Units org under fol TOE: 

11-7 

11-16 

11-57 

11-127 

11-128 
11-500 (AA-AE) 

11-557 
11-587 

11-592 
11-597 

NG: State AG (6); units—same as Active Army except allowance is one copy to each unit. 

USAR: None. 

For explanation of abbreviations used, see AR 320-50. 
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