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PART ONE
GENERAL

CHAPTER 1
INTRODUCTION

1. Purpose

a. This manual is a guide for commanders,
survey officers, and personnel engaged in the
conduct of artillery surveys. It provides a
basis for instruction, guidance, and reference
in surveying principles and procedures, and in
the care and operation of surveying instru-
ments. Procedures covering all situations can-
not be prescribed; therefore, the instructions
contained herein should be used as a guide in
developing the application of suitable tech-
niques. The material presented herein is ap-
plicable without modification to both nuclear
and nonnuclear warfare.

b. Users of this manual are encouraged to
submit recommended changes or comments to
improve the manual. Comments should be
keyed to the specific page, paragraph, and line
of the text in which the change is recom-
mended. Reasons should be provided for each
comment to insure understanding and complete
evaluation. Comments should be forwarded
direct to the Commandant, U.S. Army Artillery
and Missile School, Fort Sill, Oklahoma.

2. Scope

This manual expounds the survey personnel
and equipment available to artillery units, the
measurement of angles and distances, and the
determination of relative locations on a rec-
tangular grid system.

3. References

Publications used as references for the
manual and those offering further technical
information are listed in appendix I.
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4. Definitions

Technical terms not included in AR 320-5
are defined the first time they are used in this
manual.

5. Fundamental Operations of Survey

Survey results are obtained from the follow-
ing:

a. Planning. A thorough plan which gives
full consideration to the factors affecting survey
and conforms to basic essentials contributes
to a successful accomplishment of the survey.

b. Fieldwork. Survey fieldwork consists of—

(1) Measuring distances,

(2) Measuring horizontal and/or vertical
angles.

(3) Recording all pertinent data.

c. Computations. The computations are per-
formed simultaneously with the fieldwork. The
known data and the fieldwork data are com-
bined to produce the location and/or height of
a point and/or the direction of a certain line.

6. Accuracy

Three minimum orders of accuracy are pre-
scribed for artillery surveys: artillery fourth-
order survey, 1:3,000; artillery fifth-order
survey, 1:1,000; and artillery 1:500; e.g., an
accuracy of 1:3,000 means that for each 3,000
units of distance surveyed, the error cannot
exceed 1 unit. The order or accuracy required
depends on the intended use of the survey data.

7. Survey Specifications and Techniques

Specifications and techniques required to
achieve each artillery order of survey accuracy
set forth in paragraph 6 are listed in appendix
II.




CHAPTER 2

ARTILLERY SURVEY PURPOSE AND RESPONSIBILITIES

8. Purpose of Artillery Survey

Artillery survey operations provide a com-
mon grid which will permit the massing of
fires, delivery of surprise observed fires, de-
livery of effective unobserved fires, and trans-
mission of target data from one unit to another.
The establishment of a common grid is a com-
mand responsibility.

9. Responsibilities of the Corps of
Engineers

a. The survey responsibilities of the Corps
of Engineers are described in AR 117-5 and
TM 5-231. In regard to artillery survey, engi-
neer responsibilities include—

(1) The supply of maps.

(2) The supply of trig lists and other sur-
vey control data.

(3) Extension of ground control as de-
scribed in b and ¢ below.

b. When existing survey control is not avail-
able, the normal procedure is for the survey
company of the engineer base topographic
battalion to extend control to the rear boundary
of army areas; the survey platoon of the engi-
neer topographic battalion (army) to extend
control to the rear boundaries of subordinate
corps; and the survey platoon of the engineer
topographic company to extend control as di-
rected by the corps commander.

¢. The survey element organic to the engi-
neer combat battalion, missile command
(medium), has the responsibility of providing
survey control point throughout the width of
the missile command area for use by the survey
platoons of the target acquisition battalion,
missile command (medium).

10. General Responsibilities of Artillery
Units

Each artillery commander is responsible for
seeing that required survey control is furnished
to subordinate units as soon as possible.

11. Battalion (Separate Battery) Survey

Responsibilities

The battalion (separate battery) survey offi-
cer plans, coordinates, and supervises battalion
(battery) survey operations. Battalion (sepa-
rate battery) survey personnel perform the
survey operations necessary to establish—

a. The grid coordinates and the height of —

(1) The battery center for each light,
medium, and heavy artillery battery.

(2) The position of each weapon for very
heavy artillery.

(3) The battery center for mortar battery
or mortar platoon in applicable or-
ganization.

(4) The position of each launcher and,
when required, guidance radar and
orienting station for artillery missile
battalions (separate battery).

b. An orienting line for each weapon posi-
tion and missile guidance element when re-
quired and to compute the orienting angle for
each weapon position.

¢. The grid coordinates, the height, and a
line of known direction for radar positions
when so directed.

d. The grid coordinates, the height, and a
line of known direction for each target area
base observation post (OP) (always required
for direct support artillery; as directed for
other artillery).

e. The grid coordinates and the height of
critical points in the target area; i.e., registra-
tion points, restitution points (always required
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for direct support artillery; as directed for
other artillery).

f. The grid coordinates, the height, and a
line of known direction for additional points as
directed by the battalion commander.

12. Division Artillery Survey Responsibility

The division artillery survey officer coordi-
nates and supervises the survey operations of
subordinate echelons. He establishes the divi-
sion artillery survey information center (ex-
cept for airborne division artillery). The divi-
sion artillery survey party performs the survey
operations necessary to establish—

a. The grid coordinates, the height, and a
line of known direction for each—

(1) Survey control point (SCP) for each
organic or attached field artillery
battalion and separate battery.

(2) Division artillery observation post
{(when required).

(3) Attached searchlight platoon survey
control point in areas for which maps
are not available.

(4) Meteorological orienting station in
areas for which large-scale maps are
not available.

(5) Additional point designated by the
division artillery commander; e.g., a
survey control point for a tank unit
assigned an indirect fire mission.

b. The grid coordinates and heights of points
in the target area as directed by the division
artillery commander.

¢. Declination stations as needed.

d. A line of known direction for meteorol-
ogical orienting stations in areas for which
large-scale maps are available (position can
be inspected to required accuracy).

13. Field Artillery Target Acquisition
Battalion Survey Responsibility

The field artillery target acquisition battalion
coordinates the survey operations of lower
echelons. To facilitate this coordination, the
battalion establishes a corps survey informa-
tion center (SIC), where records are main-
tained of all fourth order and higher survey
control points existing in the corps area. The
survey platoons within the battalion perform
the survey operations necessary to establish—

)

a. The grid coordinates, the height, and a
line of known direction for each—

(1) Division artillery survey
point.

(2) Corps artillery battalion (separate
battery) survey control point.

(3) Flash ranging observation post of the
target acquisition battalion.

(4) Counterbattery radar set of the target
acquisition battalion,

(5) Survey control point required for the
searchlight battery (platoon) in areas
for which maps are not available.

(6) Additional points designated by the
corps artillery commander; e.g., Air
Force radio and radar installations
located in the corps area, including
target director posts.

(7) Meteorological orienting station in
areas for which large-scale maps are
not available,

(8) Drone platoon in areas for which
maps are not available.

b. The ground location of each sound rang-
ing microphone of the target acquisition batta-
lion.

¢. Declination stations as needed.

d. A line of known direction for meteorol-
ogical orienting stations in areas for which
large-scale maps are available (position can
be inspected to required accuracy).

control

14. Air Defense Artillery Survey

The survey operations performed by an air
defense artillery (ADA) unit are determined
by the mission assigned to the unit.

a. The purpose of the survey operations of
air defense artillery units assigned a ground
support field artillery (FA) mission is to pro-
vide survey control that will permit the mass-
ing of fire, delivery of surprise observed fires,
and delivery of effective unobserved fires. The
survey operations performed are the same as
those performed by a field artillery missile bat-
talion.

b. The purpose of the survey operations of
air defense artillery units assigned an air de-
fense mission is to provide survey control that
will permit the exchange of target information
and that will insure the delivery of air defense
fires outside the limits of restricted areas.




¢. When suitable maps are available and
there are no restricted areas, personnel and
ADA gun battalions and ADA automatic weap-
ons (AW) battalions with electronic fire con-
trol equipment must perform the survey op-
erations necessary to establish the slant range
from the track radar to the radar range-
calibrating point for each battery.

d. When suitable maps are not available and/
or when there are restricted areas, personnel
of the ADA gun battalions perform the survey
operations necessary to establish—

(1) The grid coordinates, the heights, and
the azimuth to an orienting point for
the battalion surveillance radar and
the track radar of each battery.

(2) The slant range from each track
radar to its radar range-calibrating
point.

(3) When directed, the distance from
each track radar to the orienting
point,.

e. When suitable maps are not available and/
or when there are restricted areas, personnel of
ADA AW battalions (batteries) with electronic
fire control equipment and personnel of 75-mm
light ADA battalions (batteries) perform the
survey operations necessary to establish—

(1) The grid coordinates, the height, and

the azimuth to an orienting point for
each weapon.

(2) The slant range from each weapon to
its radar range-calibrating point.

f. When suitable maps are not available, per-
sonnel of ADA AW battalions without elec-
tronic fire control equipment perform no survey
operations except when there are restricted
areas. When there are restricted areas, they
perform the survey operations necessary to
establish the grid coordinates, the height, and
the azimuth to an azimuth mark for each fire
unit.

¢g. The grid coordinates and the azimuth to
an orienting point for the track radars of ADA
missile batteries in an air defense role normal-
ly will be determined by engineer survey op-
erations, However, personnel of semimobile
ADA missile batteries may be required to
determine these data by performing limited
survey operations.

h. Personnel of ADA missile batteries as-
signed a ground support FA mission perform
survey operations to determine the grid co-
ordinates and height of track radars and an
azimuth to an orienting point for each track
radar. For further discussion of survey opera-
tions for air defense artillery unit refer to
chapter 19.



PART TWO
SURVEYING EQUIPMENT AND PROCEDURES

CHAPTER 3
SURVEY EQUIPMENT

Section |.

15. General

Survey equipment consists of instruments
and accessories necessary to perform a survey.
Survey instruments include those items of
equipment with which measurements are made.
Survey accessories include those items of equip-
ment which assist in making measurements and
in recording, computing, and plotting survey
data.

16. Survey Instruments
a. The instruments employed in artillery
surveying are—
(1) Steel tape.
(2) Aiming circle,
(3) Transit.
(4) Theodolite (FA units only).
(5) Altimeter (FA units only).
(6) Target set, surveying.
(7) Tellurometer.
(8) Surveying Instrument Azimuth Gyro
Artillery.
b. The survey instruments in a above are dis-
cussed in chapters 4 through 12.

17. Survey Accessories
The accessories employed in artillery survey-
ing are—
a. Taping equipment which includes—
(1) Plumb bobs.
(2) Steel arrows (taping pins).
(8) Tension handles (certain FA units
only).

GENERAL

(4) Clamping handles (certain FA units
only).

(5) Hand levels (certain FA units only).

b. Station marking equipment which in-
cludes—

(1) Ranging poles.

(2) Ranging pole tripod (certain FA units
only).

(3) Levels for level rod (FA units only).

(4) Target cloth.

(5) Hatchets.

(6) Wooden and/or steel stakes.

¢. Recording and computing equipment
which includes—
(1) Notebooks.
(2) Department of the Army forms.
(3) Pendcils. '
(4) Logarithmic and mathematical tables
(TM 6-230 and/or Vega tables).
(5) Army Ephemeris (TM 6-300-61).
d. Numerous items of miscellaneous equip-
ment which include—
(1) Star identifiers (certain FA units
only).
(2) Computing machines
units only).
(3) Military slide rules (FA units only).

(certain FA

18. Surveying Equipments Sets

a. Field artillery units are issued angle-
measuring instruments as separate items. Field
artillery units authorized altimeters and/or
computing machines are issued those items
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separately. All other items of survey equip-
ment, with the exception of forms and ‘tech-
nical manuals, are issued to field artillery units
in two surveying equipment sets. These sets
are—

(1) Artillery survey set, fourth order.

Section li. DISCUSSION

19. General

a. Logarithmic tables are discussed in TM
6-230.

b. The military slide rule is discussed in TM
6-240.

¢. Survey computation forms are explained
in conjunction with the method of survey in
which they are employed within this manual.

d. Other accessories which are used fre-
quently are discussed in paragraphs 20 through
26.

20. Plumb Bob

The plumb bob is used in artillery surveying
as a taping accessory and as an angle measur-
ing instrument accessory. Most plumb bobs
used consist of a body and removable cap made
of brass and a replaceable point made of steel.
The plumb bob used with the M2 aiming circle
is of one-piece steel construction.

21. Taping Pins

Steel arrows, called taping pins, have a ring
on one end and a sharp point on the other.
These pins are issued in sets of 11. They are
used to mark, temporarily, the positions of the
ends of the tape on the ground as tape lengths
are measured.

22. Tension Handle

The tension handle is used in training survey
personnel to apply the correct amount of ten-
sion to a steel tape. This handle is a spring
balance, graduated in pounds from 0 to 30.
With prolonged use the spring of the tension
handle will gradually stretch, causing errone-

(2) Artillery survey set, third order.

b. Artillery survey set, fourth order was de-
signed for use by units performing survey
with the aiming circle; artillery survey set,
third order was designed for use by units using
the theodolite or transit.

OF SURVEY ACCESSORIES

ous readings. It must therefore be tested oc-
casionally with a weight of known value.

23. Clamping Handle

The clamping handle is used to hold and
apply tension to the tape when a partial tape
length is being measured.

24. Hand Level

The hand level is used to measure approxi-
mate differences in elevation. It is used in
artillery survey to train taping personnel to
recognize when the tape is held horizontal. This
instrument consists of a metal sighting tube
with plain glass covers at the ends and a level
vial mounted on the tube. It is usually hand
held in front of the eye. The landscape, level
bubble, and index line can be seen in the tube.

25. Ranging Pole

The ranging pole is constructed of tubular
steel. It consists of two interlocking sections,
one of which is pointed. The length of the as-
sembled pole is 6 feet, 6 inches. The pole is
painted in six 1-foot sections which are alter-
nately red and white, For storage, the pole is
disassembled and placed in a canvas case.

26. Ranging Pole Tripod

The ranging pole tripod is used for holding
a ranging pole over a survey station. In use,
the tripod is set up so that the head of the
tripod is approximately 3 inches horizontally
from the survey point. Thé ranging pole is
then placed in the collar of the adjustable arm.
The pole is then made vertical by using the
level for the level rod.



CHAPTER 4

TAPES AND TAPING

Section |.

27. Tapes and Accessories

a. Field artillery survey personnel are
equipped with 30-meter steel tapes for making
linear measurements (taping). These tapes
are graduated on one side only, in meters, deci-
meters (0.1 meter), and centimeters (0.01
meter) throughout, with the first decimeter
graduated in millimeters (0.001 meter). There
is a blank space at each end of the tape. A reel
and two leather thongs are furnished with each
tape.

b. In addition to a tape, each taping team
should be equipped with 2 plumb bobs, 1 plumb
bob and arrow holder, 1 clamping handle, 1 set
of 11 arrows (taping pins), 1 hand level, 1
tension handle, 2 leather thongs, 2 notebooks,
and 2 pencils (fig. 1).

28. Care of Steel Tapes

a. Steel tapes are accurate surveying instru-
ments and must be handled with care. Al-
though steel tapes are of durable construction,
they can be easily damaged through improper
care and use.

b. In use, the tape should be completely re-
moved from its reel and kept straight to pre-
vent its being kinked or broken. The tape

.
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should never be pulled around an object that
will put a sharp turn in the tape. Do not jerk
the tape, step on it, or allow vehicles to run
over it. If there is a loop in the tape, it may
be kinked or broken when tension is applied.
Before applying tension, the tapemen should
see that the tape is not looped.

c. After use, the tape should be wiped clean
and dry and then oiled lightly. The tape is oiled
by running it through an oily rag as it is being
reeled in. The tape should be loosely wound
on its reel when not in use. In winding the
tape on the reel, insert the end of the tape with
the 30 meter graduations into the reel and wind
the tape in such a manner as to cause the num-
bers to be wound facing the axle of the reel.

29. Repair of Broken Tape

a. A sheet metal sleeve coated on the inside
with solder and flux is fitted over the broken
ends of the tape and hammered down tightly.
By applying heat, even from an ordinary
match, the tape is securely fastened together.

b. The repaired section of the tape must be
checked with another section of the tape to in-
sure that the ends of the tape were placed to-
gether and that a true measurement can still
be made.

Section Il. TAPING PROCEDURES AND TECHNIQUES

30. Horizontal Taping, General

a. The method of taping used in artillery
surveys is known as horizontal taping. In this
method, all measurements are made with the
tape held horizontally. The point from which
the distance is to be measured is the rear sta-
tion. The point to which the distance is to be
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measured is the forward station. The distance
between stations is usually several times great-
er than a full tape length. The taping team,
starting at the rear station, determines the
distance by measuring successive full tape
lengths until the distance remaining is a par-
tial tape length, This length is then measured.




Figure 1. Taping equipment.

The distance between stations is determined
by adding the product of the number of tape
lengths and the length of the tape to the partial
tape length. Each measurement is made with
the tape held horizontally between the rear and
forward stations.

b. A taping team consists of two men—a
front tapeman and a rear tapeman. The rear
tapeman commands the taping team. The rear
tapeman determines and reports the distance
measurement; the front tapeman independent-
ly checks the distance measurement. Additional
personnel are required for taping at night.

31. Measuring First Full Tape Length

To measure the first full tape length—

a. The front tapeman gives one taping pin
to the rear tapeman, keeping 10 pins in his

possession. The pin given to the rear tapeman
represents the first full tape length, The front
tapeman moves toward the forward station
with the zero end of the tape.

b. As the end of the tape reaches the rear
station, the front tapeman stops, either on the
count of paces or on the command TAPE given
by the rear tapeman. The rear tapeman sights
along the tape toward the forward station and
signals the direction that the front tapeman
should move to aline the tape, first with the
forward station and then with an estimated
horizontal plane. The tape must be alined with-
in .5 meter of the line-of-sight from one sta-
tion to the succeeding station and within .5
meter of the horizontal plane.

¢. Each tapeman places the leather thong on
his wrist and the plumb bob cord on the proper
graduation on the end of the tape. The rear



tapeman commands PULL and each tapeman
exerts a pull of 25 pounds on the tape.

d. After the tapemen have properly alined
and applied tension to the tape, the rear tape-
man places his plumb bob exactly over the rear
station and commands STICK. At this com-
mand, the front tapeman drops his plumb bob
and then marks the point of impact with a tap-
ing pin. When the pin has been placed in the
ground, the front tapeman reports STUCK,
which instructs the rear tapeman to move for-
ward to measure the next tape length.

¢. When a team is taping on sloping ground
void of brush and tall grass, the plumb bob
need not be used at the uphill end of the tape.
The end of the tape may be held immediately
adjacent to the taping pin.

32. Measuring Succeeding Full Tape
Lengths

To measure succeeding full tape lengths, the
tapemen use the procedure discussed in para-
graph 31, except as follows:

a. The front tapeman should obtain his ap-
proximate horizontal alinement by sighting
along the tape at the rear station, moving right
or left until the tape is approximately on line.
(Final alinement is made as directed by the
rear tapeman. However, if the rear tapeman
cannot see the forward station, final alinement
is made by either the instrument operator or
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the front tapeman sighting back on the rear
station, or by the rear tapeman through the use
of intermediate points established in alinement
with the forward station.)

b. The rear tapeman should place his plumb
bob exactly over the point at which the taping
pin enters the ground.

¢. The rear tapeman pulls the taping pin
from the ground before moving forward to the
next pin position. If a taping pin is lost during
the measurement of the distance, the tapemen
must make the entire measurement again,
rather than complete the measurement from a
recovered pin hole.

33. Breaking Tape

To measure tape lengths when the tape can-
not be alined with a horizontal plane within
one-half meter (114 ft.) because of the slope of
the ground, the tapemen use a special pro-
cedure known as breaking tape (fig. 2). In
breaking tape—

a. The front tapeman pulls the tape forward
a full tape length, drops it approximately on
line, and then comes back along the tape until
he reaches a point at which a partial tape
length, when held level, is not held above the
armpits of the downslope tapeman. At this
point, the front tapeman selects any convenient
full meter graduation. The tapemen then meas-
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Figure 2. Breaking tape.
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ure the partial tape length, applying the full
25 pounds tension to the tape.

b. After he has placed the taping pin, the
front tapeman waits until the rear tapeman
has come forward. The front tapeman tells
the rear tapeman which full meter graduation
was used, e.g., “Holding 25,” which is repeated
by the rear tapeman. He receives a pin from
the rear tapeman and moves forward, repeat-
ing this procedure until the zero mark is
reached.

¢. When holding a point on the tape other
than the zero graduation, the front tapeman
must receive a pin from the rear tapeman be-
fore moving forward.

34. Measuring Distances in Excess of
10 Tape Lengths

To measure a distance longer than 10 full
tape lengths, the tapemen use the procedures
discussed in paragraphs 31 through 33 except
as follows:

a. When the front tapeman has set his last
pin in the ground, he has established a point
which is 10 full tape lengths from the rear sta-
tion. The front tapeman waits at the last pin
position until the rear tapeman comes forward.

b. Both tapemen count the pins to verify
that none have been lost. (One pin is in the
ground; 10 pins should be in the possession of
the rear tapeman.)

¢. The rear tapeman gives the front tapeman
the 10 pins.

d. Both tapemen record 10 tape lengths, and
then continue taping.

35. Measuring Partial Tape Lengths

To measure the partial tape length between
the forward station and the taping pin repre-
senting the last full tape length, the tapemen
use the following procedure:

a. The front tapeman moves to the forward
station and places the plumb bob cord on the
zero graduation of the tape. The rear tapeman
moves forward along the tape to the taping pin.

b. If slack is needed, the front tapeman com-
mands SLACK and the rear tapeman allows
the tape to move forward. When the front
tapeman is ready, he commands PULL and the
rear tapeman exerts a pull of 25 pounds on
the tape, using the clamping handle to hold the
tape. As he applies tension to the tape, the
rear tapeman slides his plumb bob cord along

the tape until the plumb bob is exactly over
the pin.

¢. When the zero graduation is exactly over
the forward station, the front tapeman com-
mands READ. The rear tapeman reads the
graduation marked by the plumb bob cord and
announces the measurement of the partial tape
length to the nearest 0.01 meter.

d. The front tapeman repeats the reading
aloud, and both tapemen record the meas-
urement.

36. Determining Taped Distance

To determine and check the distance meas-
urement (fig. 3)—

a. Each tapeman counts the number of pins
in his possession. (The pin in the ground at
the last full tape length is not counted.)

b. The rear tapeman determines the dis-
tance measurement by multiplying the length
of the tape (30 meters) by the number of full
tape lengths measured and adding the partial
length read from the tape. (The number of
full tape lengths measured is equal to the num-
ber of taping pins in his possession plus 10 for
each exchange of pins.)

¢. The front tapeman independently checks
the distance measurement by multiplying the
number of full tape lengths by the length of
the tape and adding the partial tape length.
(The number of full tape lengths is equal to
10 for each exchange of pins plus the differ-
ence between 10 and the number of pins in his
possession.)

d. The rear tapeman reports the distance
measurement to the recorder or the chief of
party.

37. Taping at an Occupied Station

When a taping team is making a measure-
ment at a station occupied by an instrument,
the tapeman at the station must be careful not
to disturb the instrument. If a plumb bob is
used with the instrument, the tapeman can
make his measurement at the plumb bob cord
of the instrument.

38. Use of Two Taping Teams

When two taping teams are used to measure
the distance between two stations, one taping
team uses a pin to establish a starting station
a half tape length (15 meters) from the rear
station. In this case, the front tapeman does

13
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not give a pin to the rear tapeman. The taping
pin marking the half tape length represents one
full tape length plus 15 meters. After the start-
ing station is established a half tape length
from the rear station, the taping procedures
followed are the same as those discussed in
paragraphs 31 through 37, except that each
tapeman adds 15 meters to the distance meas-
“urement. (This procedure precludes both teams
placing their taping pins in the same hole.)

39. Taping at Night

Daytime taping methods may be used at
night with certain modifications. A piece of
white cloth should be tied to each end of the
tape to assist the tapemen in following and
locating the tape. Three men should be added
to each taping team. One man accompanies
each tapeman as a light holder; the third man
marks the taping pin. When the rear tapeman
comes to the taping pin, the third man walks
the length of the tape, freeing it from any ob-
structions. This procedure is repeated for each
full or partial tape length. Light holders must
take necessary security measures with their
lights.

40. Moving Forward

a. The front tapeman should select a land-
mark (rock, bush, etc.) in line with the for-
ward station. In moving forward, the front
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Figure 8. Determining taped distance.

tapeman keeps his eyes on the line to the for-
ward station and should not look back. He
should determine the number of paces to the
tape length so that he can stop without being
signaled when he has moved forward a tape
length.

b. By moving forward at a point 2 or 3
meters in front of the rear end of the tape, the
rear tapeman can usually locate the taping pin
by the time the front tapeman has stopped.

¢. When there is an instrument used at
either the forward or the rear station, the tape-
men will remain clear of the line of sight.

41. Tape Alinement

The tapemen must carefully aline the tape.
The maximum allowable error in both horizon-
tal and vertical alinement is one-half meter for
a full 30-meter tape length. The tapemen aline
the tape with the stations which establish the
line by sighting along the tape toward the sta-
tions at each end of the line (fig. 4). The tape-
men then make the tape horizontal by holding
it parallel to an estimated horizontal plane. If
difficulty is encountered in keeping the tape
level in rough terrain, then the hand level
should be used. To use the hand level to estab-
lish a horizontal plane, the downslope tape-
man—

a. Sights through the level at the upslope
tapeman.

v




FORWARD
STATION

Figure 4. Tape alinement.

b. Raises or lowers the objective end of the
hand level until: the image of the level bubble
is centered on the center horizontal crossline.

¢. Determines the point on the upslope tape-
man which is level with his eye. (The hori-
zontal plane is established.)

d. Instructs the upslope tapeman how to hold
his end of the tape so that the tape will be
parallel to the established horizontal plane.
(The downslope tapeman wmust mot hold the
tape higher than his armpits. Both tape ends
should be held the same distance below the

established horizontal plane.)

Note. The tapemen should check the accuracy of the
bubble of the hand level when it is first used each day.
This is accomplished by having the upslope tapeman
use the hand level to sight back at the downslope tape-
man to verify the established horizontal plane.

42. Applying Tension to Tape

The tapemen must apply 25 pounds tension
(pull) to each full or partial tape length.
a. The tapemen should apply tension to the

tape by using the leg muscles and the large
muscles of the back. To do this, the tapeman
faces across the tape with his shoulders parallel
to the length of the tape, passes the hand of
one arm through a loop in the thong, and places
the elbow of that arm tight against some part
of his body (fig. 5). When the tapeman is
standing, he applies tension by bending the
knee away from the other tapeman, causing the
weight of the body to push against the arm
holding the tape. When the tapeman is kneel-
ing, he applies tension by pushing the knee
which is away from the other tapeman against
the arm holding the tape.

b. The clamping handle is used to hold the
tape at any point other than a tape end. In
order to avoid kinking the tape, the tapeman
should hold the clamping handle with the index
and middle fingers. Normally, the handle will
clamp as tension is applied to the tape. If ad-
ditional pressure is required, it is applied to the

15
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Figure 5. Applying tension to a tape.

outside of the finger grips by using the thumb
and ring finger.

¢. The tension handle (a scale which meas-
ures tension in pounds) should be used by the
front tapeman until both tapemen become ac-
customed to the “feel” of 25 pounds tension.

43. Use of Plumb Bobs

The tapemen use plumb bobs to project
points on the tape to the ground. Each tape-
man holds the plumb bob cord on the proper
tape graduation with the thumb of one hand on
the cord and the forefinger of that hand be-
neath the tape (fig. 5). After alining the tape
and applying tension to it, each tapeman lowers
the plumb bob by letting the cord slip across
the tape until the tip of the plumb bob is ap-
proximately one-fourth inch above the desired
point. Swinging of the plumb bob is eliminated
by gently -lowering the tape until the plumb
bob tip touches the ground and then slowly
raising it.

a. The rear tapeman uses the plumb bob to
establish his end of the tape directly over the
point from which each tape length is measured.

b. The front tapeman uses the plumb bob to
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establish the point on the ground to which each
length is measured by dropping his plumb bob.
After establishing the point with the plumb
bob, the front tapeman marks that point with
a taping pin. (The rear tapeman can locate
each pin more readily if the front tapeman has
cleared the ground of grass, leaves, ete., by
kicking a groove in the ground.)

44. Use of Taping Pins

The tapeman must use the taping pins to
mark points on the ground for each full or par-
tial tape length. The front tapeman marks the
point struck by the plumb bob by sticking the
pin into the ground at exactly the point where
the tip of the plumb bob hit. The shaft of the
pin should be placed at about a 45° angle with
the ground and perpendicular to the length of
the tape. (When moving forward, the tapemen
should not pull the tape through the loop of
the taping pin.) When taping over a hard sur-
face, it may be necessary to mark the point
struck by the plumb bob in an identifiable
fashion (point of arrow or pencil) and the
point of the arrow should be laid at the point
struck by the plumb bob, perpendicular to the
line of direction of the tape.

v




\‘\

Section 1ll. ACCURACY AND ERRORS

45. Comparative Accuracy for
Double-Taped Distances

a. When the distance between two stations
has been determined by double-taping, the two
measurements are compared and the compara-
tive accuracy for the two measurements is de-
termined. Comparative accuracy is expressed
as a ratio between the difference in the meas-
urements and the mean of the measurements.
The ratio is expressed with a numerator of
one; e.g., 1/1,000 or 1:1000. The denominator
is determined by dividing the mean of the
measurements by the difference in the measure-
ments. After computing the comparative ac-
curacy, the denominator of the fraction is al-
ways reduced to the next lower hundred.

b. An example of the computation of a com-
parative accuracy for a distance measurement
is as follows:

Distance measurement by
taping team no. 1
Distance measurement by

= 357.84 meters

taping team no. 2 = 357.76 meters

Difference between
measurements = 0.08 meters
Mean of the measurements = 357.80 meters
Comparative accuracy =
1 1 1
357.80+-0.08 4472 4400
¢. Certain comparative accuracies for dou-
ble-taped distances are prescribed in subse-
quent chapters of this manual.

46. Errors in Horizontal Taping
Horizontal taping errors are of three cate-
gories as follows:
a.  Systematic errors.
b. Accidental errors.
¢. Errors caused by blunders.

47. Systematic Errors

Systematic errors are errors which apply in
the same direction.

a. The systematic errors encountered in hori-
zontal taping cause distances to be measured
longer or shorter than their true lengths. The
principal causes of systematic errors are—

(1) Failure to aline the tape properly.
(2) Failure to apply sufficient tension to
the tape.

(3) Kinks in the tape.

b. Systematic errors can be eliminated or
minimized by strict adherence to proper pro-
cedures and techniques. Tapemen should be
especially attentive to keeping the tape hori-
zontal when taping on a slope and should break
tape when necessary. They should avoid the
tendency to hold the tape parallel to the slope.
When taping in strong winds, tapemen must be
especially careful to apply the proper tension
to the tape. Tapes should be checked fre-
quently for kinks. One of the chief causes for
kinked tapes is improper use of the clamping
handle.

¢. Systematic errors can be due to improper
repair of the tape (repaired too long or too
short), causing taped distances to be longer or
shorter than their true distances,.

48. Accidental Errors

Accidental errors are errors which may ap-
ply in either direction. Accidental errors are
usually small in magnitude when compared
with systematic errors. The principal accident-
al error encountered in taping is caused by
small errors in plumbing. When taping, tape-
men should be careful in plumbing over points.
When taping in strong winds, tapemen must be
especially careful to minimize swinging of the
plumb bob cord. This ecan be accomplished by
keeping the plumb bob close to the ground.

49. Errors Caused by Blunders

Blunders are mistakes made by personnel.
They result in errors which are usually large
in magnitude.

a. The principal blunders made by tapemen
are—

(1) An incorrect exchange in taping pins.

(2) An error in reading the tape,

(3) An omission of the half tape length
when double-taping with two teams.

(4) Loss of a taping pin.

b. Blunders can be detected and eliminated
by strict adherence to proper procedures and
by adoption of a system of checks; e.g., by
double-taping, by pacing each taped distance,
and, in some cases, by plotting the grid co-
ordinates of the stations on a large-scale map.
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CHAPTER 5
AIMING CIRCLE M2

Section |.

50. General

The aiming circle M2 (fig. 6) is employed to
obtain angular values in artillery surveys exe-
cuted to an accuracy of 1:500 (target area
base only). It is essentially a fixed-focus low-
power telescope mounted on a composite body
(fig. 7) containing a magnetic compass and
leveling screws for establishing a horizontal
plane. The instrument proper is supported by
a base plate for mounting on a tripod. Angular
measurements in azimuth and elevation are in-
dicated on graduated scales and associated
micrometers.

51. Aiming Circle Body

The aiming circle body is made up of four
composite parts—the telescope body assembly,
the body assembly, the worm housing, and the
base plate assembly (fig. 7).

a. The telescope body assembly consists of
the optical system, the vertical level v1al the
reflector, and a neutral filter.

(1) The optical system forms a 4- power,
fixed-focus telescope. The reticle of
the telescope (fig. 8) has a horizontal
and a vertical crossline etched on it.
The horizontal and vertical crosslines
are graduated every 5 mils from 0
to 85 mils and are numbered every
10 mils. These graduations are used
to measure relatively small deviations
in azimuth and elevation from a refer-
ence line (e.g., high-burst registra-
tion). The telescope eyepiece (fig. 9)
is inclined upward at an angle of 45°
from the axis of the telescope to per-
mit the observer to look down into
the telescope while standing erect. The

GENERAL

objective end of the telescope is
beveled to form a permanent sunshade.

(2) The vertical level vial is positioned
on the left side of the telescope. This
level is used to establish a horizontal
plane when reading deviations in
elevations using the reticle. The lugs
supporting the telescope level vial
form an open sight with which to
aline the instrument approximately
on a station.

(3) The reflector is a plastic signal
mounted on top of the telescope and
at the vertical axis of the instrument.
The reflector is used as a target for
other instruments sighting on the
aiming circle. At night, the reflector
can be illuminated externally by use
of the instrument light.

(4) A neutral filter is provided for view-
ing the sun directly for astronomic
observation. The filter is slipped onto
the eyepiece end of the telescope for
observing the sun and is attached to
the side of the telescope body when
not in use.

b. The body assembly consists of the azimuth
and elevation worm mechanisms, the magnetic
compass, the compass reticle, the compass
needle actuating lever, and two horizontal plate
levels.

(1) The azimuth mechanism of the in-
strument has a fast and a slow motion.
Horizontal angles are read in two
parts; the hundreds of mils are read
from the azimuth scale, and the tens
and units of mils are read from the




'\:

TRIPOD

LAMP HOLDER
AND REMOVER

CANVAS
COVER

INSTRUMENT
LIGHT

COVER FOR
AIMING CIRCLE

\‘ RA PD 222958

Figure 6. Aiming circle with equipment.

azimuth micrometer. The azimuth
scale is graduated every 100 mils from
0 to 6,400 mils and is numbered every
200 mils. The 3,200 and 6,400 portion
of the azimuth scale has a second scale
(numbered in red from 0 to 8,200)
below the primary azimuth scale. The
graduations of the primary (upper)
azimuth scale are used for survey. The
second (lower) scale is used for laying
the weapons of the firing battery. This

(2)

lower scale is not used in survey. The
azimuth micrometer scale is located on
the azimuth knob. It is graduated
every 1 mil from 0 to 100 mils and is
numbered every 10 mils.

The elevation mechanism of the aim-
ing circle is similar to the slow azi-
muth motion. Stop rings in the
mechanism prevent the telescope from
striking the body assembly. Vertical
angles from minus 440 mils to plus
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Figure 7. Schematic cutaway drawing of an aiming circle showing composite parts.

805 mils can be measured with the
aiming circle. Vertical angles are read
in two parts; the hundreds of mils
are read from the elevation scale and

‘the tens and units of mils are read

from the elevation micrometer scale.
The elevation scale is graduated and
numbered every 100 mils from minus
400 mils to plus 800 mils. The plus
symbol and minus symbol are not
shown, but the minus numerals are
shown in red and the plus numerals
are shown in black. The elevation

(3)

micrometer scale is graduated every
mil from 0 to 100 mils. The scales are
numbered every 10 mils from left to
right in black numerals and from
right to left in red numerals. The red
numerals on the elevation micrometer
scale are used in conjunction with the
red numerals on the elevation scale.
The black numerals on the micrometer
scale are used with the black numer-
als on the elevation scale.

The magnetic compass is located in
the oblong recess in the top of the

1
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Figure 8. Telescope reticle as viewed in telescope.

body assembly. The magnetic needle
is provided with copper dampers to
aid in settling the needle quickly. A

small glass magnifier and a reticle
with three etched lines on it are at
one end of the recess (south end of
the magnetic needle) to aid in alining
the end of the needle. On the opposite
end of the recess is an actuating lever
which locks or unlocks the magnetic
needle. When the lever is in a vertical
position, the needle is locked. When
the lever is turned to the right or the
left, the needle is unlocked.

(4) The aiming circle has two plate levels.
One is a circular level vial for initial
rough leveling, the other is a tubular
level vial used to accurately level the
instrument.

¢. The worm housing is that portion of the
aiming circle below the azimuth scale and above
the base plate. It consists of the worm gear
of the orienting (nonrecording) motion, the
leveling screws, and the spring plate. The
orienting knob which controls the nonrecording
(lower) motion of the aiming circle is similar
to the azimuth (recording) motion in that the
orienting motion is permitted fast movement
by lateral movement of the left orienting knob.
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Figure 9. Aiming circle.
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The two orienting knobs should be used simul-
taneously for slow movement of the orienting
motion. Caps are provided for the orienting
knobs when they are not in use to preclude use
of the orienting motion by mistake. The leveling
screws are attached to a spring plate which is
attached to the base plate.

d. The base plate assembly is the base of the
instrument when it is mounted on the tripod,
and it is also the base of the carrying case. It
is a flat plate to which the instrument is fixed.
On the underneath side is a socket into which
the tripod screw is threaded to attach the in-
strument to the tripod. A latch type cover is

INSTRUMENT
LIGHT

LAMP HOLDER -
AND
REMOVER

PLUMB BOB

RETICLE LIGHT

©@

Figure 10.
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provided to keep the socket clean and clear from
obstruction when the instrument is not attached
to the tripod. The base plate is fitted with a
rubber washer, which makes a watertight seal
when the cover is latched to it.

52. Aiming Circle Accessory Equipment

The accessory equipment (fig. 10) for the
aiming circle consists of the tripod, backplate
with canvas cover, instrument light, plumb bob,
lamp holder and remover, and carrying case
cover.

a. The tripod (fig. 6) has three telescoping
legs, an aluminum head and cover, and a carry-

BACK PLATE

CANVAS COVER

Accessory kit.
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ing strap. The legs are adjusted and held in
place by means of leg clamp thumbscrews. The
leg hinges at the tripod head are adjusted for
friction by clamping screws. The ends of the
legs of the tripod are fitted with an aluminum
boot and a bronze spike for ease in embedding
the legs in the ground. The carrying strap is
provided for carrying the tripod when the legs
are retracted and strapped together.

b. The backplate and cover (fig. 10) are held
to one of the tripod legs by two clamps. The
backplate cover is the case for the instrument
light, the plumb bob, and the lamp holder and
remover.

¢. The instrument light consists of a battery
tube containing two flashlight batteries and
two flexible cords. One of these cords carries
the current to the telescope through a lamp
bracket assembly that fits into a slot on the
telescope. The other cord is attached to a hand

light assembly for general illumination around
the instrument (leveling and reading the
scales) and to illuminate the reflector. The de-
gree of light is regulated by a rheostat located
on the battery tube. The battery tube is held
to the back by means of a clamp.

d. When in use, the plumb bob is suspended
from a hook in the tripod screw. When the
plumb bob is not in use, it is stored in a loop
in the canvas cover of the accessary kit.

e. The lamp holder and remover is a small
rubber tubular accessory, which is used for
storing spare lamps and for removing burned
out bulbs from their sockets.

f. The cover of the carrying case is a light-
weight dome-shaped piece which is clamped to
the base plate to provide a waterproof case for
the instrument. The cover is provided with a
carrying strap and two strong clamps for secur-
ing the cover to the base plate.

Section 1l. USE OF AIMING CIRCLE

53. Setting up the Aiming Circle

The procedure for setting up the aiming cir-
cle is as follows:

a. Unstrap the legs of the tripod. Loosen
the leg clamp thumbserews and extend the tri-
pod legs to the desired length. Tighten the
thumbscrews slightly (enough to hold the legs
in place). Embed each leg firmly in the ground,
making sure that the tripod head is approxi-
mately level and approximately over the point
at which the angles are to be measured. Then
firmly tighten the leg clamp thumbscrews, and
remove the tripod head cover.

b. Open the base plate latch cover and thread
the tripod screw into the aiming circle until
it is firmly seated. Unsnap the aiming circle
cover latches, remove the cover, and hang it
on one of the tripod legs.

¢. Attach the plumb bob and extend it so that
it hangs about an inch above the point over
which the instrument is to be set. If the plumb
bob is within half an inch (laterally) of the
point, it can be brought to the point by loosen-
ing the tripod serew and shifting the instru-
ment on the tripod. If the plumb bob is more
than half an inch from the point, the tripod
legs may be adjusted to bring the plumb bob
to the point. If this is not possible, then the

instrument and tripod should be picked up as a
unit and moved until the plumb bob hangs with-
in half an inch of the point.

d. Level the instrument by using the proce-
dure specified in paragraph 54.

54. Leveling the Aiming Circle

The procedure for leveling the aiming circle
is as follows:

a. Obtain a rough level by using the circular
vial attached to the magnetic needle housing.
Place the tubular level vial parallel to two level-
ing screws. Center the bubble by using these
two leveling screws. Grasp the leveling screws
between the thumb and forefinger of each hand.
Turn the screws so that the thumbs of both
hands move either toward each other or away
from each other at the same time. This move-
ment tightens one screw as it loosens the other.
The bubble always moves in the same direction
as the left thumb.

b. Rotate the instrument 1,600 mils and cen-
ter the bubble by turning the third leveling
screw.

¢. Return the instrument to the first position
and relevel the bubble if necessary.

d. Return the instrument to the second posi-
tion and relevel the bubble if necessary.
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e. Repeat ¢ and d above until the bubble is
centered in both positions.

f. Rotate the instrument 3,200 mils from the
first position; if the bubble is not centered,
bring the bubble halfway to the center by turn-

ing the same two leveling screws used to level .

the instrument in the first position (a above).

g. Rotate the instrument 3,200 mils from the
second position. If the bubble is not centered,
bring the bubble halfway to the center by turn-
ing the third leveling screw.

h. Rotate the instrument through 6,400 mils.
If the bubble does not move more than one
graduation, the instrument is considered level.
If the bubble does move more than one gradu-
ation, the leveling procedure should be re-
peated. If, after repeated attempts, the instru-
ment cannot be rotated throughout 6,400 mils
without causing the bubble to move more than
one graduation from the position obtained after
completion of a through g above, the instru-
ment should be turned in for repair.

55. Taking Down the Aiming Circle

The procedure for taking down the aiming
circle is as follows:

a. Tighten leveling screws to their stops.

b. Lock the magnetic needle.

¢. Place the azimuth knob over the notation
strip.

d. Unhook the plum bob and replace it in the
backplate cover.

e. Close the backplate cover.

f. Place the carrying case cover over the
aiming circle and latch the cover locks.

g. Unscrew the tripod screw and remove the
instrument from the tripod.

h. Replace the tripod head cover.

i. Collapse the tripod legs and tighten the
thumbscrews.

7. Strap the tripod legs together.

56. Measvuring Horizontal Angles

In artillery survey, horizontal angles are
measured at the occupied station in a clockwise
direction from the rear station. Horizontal
angles are always read to the lowest visible
point at the forward and rear stations. In
sighting on a station, the vertical crossline is
placed so that it bisects the ranging pole. The
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procedure for measuring horizontal angles is as
follows:

a. Set up and level the aiming circle.

b. Zero the azimuth and micrometer scales.

c. Sight approximately on the rear station by
using the fast lower (nonrecording) motion.

d. Place the crossline exactly on the rear sta-
tion by using the slow lower (nonrecording)
motion. The last motion coming onto the sta-
tion should be from left to right to reduce
backlash. Close the orienting knob covers.

e. Disengage the azimuth (recording) con-
trol knob and rotate the aiming circle to bring
the crosslines near the forward station but
keeping them to the left of the station.

f. Release the azimuth control knob, allowing
the mechanism to reengage. Using the slow
motion of the azimuth control knob, bring the
crosslines exactly to the point from left to
right.

g. Read and record the value of the angle on
the azimuth and micrometer scales to the near-
est 0.5 mil.

h. With this value still on the scales, repeat
¢ through f above.

i. Read and record the accumulated value of
the two measurements of the angle to the near-
est 0.5 mil.

7. Divide the accumulated value by 2. If the
second value of the angle is smaller than the
first, add 6,400 to the second value before divid-
ing by 2. The mean value should agree with
the first reading by 0.5 mil; if not, the angle
must be remeasured.

57. Measuring Vertical Angles

Vertical angles are measured in conjunction
with horizontal angles. Usually, a vertical
angle is measured each time a horizontal angle
is measured. Vertical angles, if possible, are
measured to height of instrument (HI) at each
forward station. The height of instrument is
measured on a ranging pole. If the instrument
operator constantly sets up the instrument at a
certain height, a constant height of instrument
may be used throughout a traverse. The pro-
cedure for measuring vertical angles is as fol-
lows :

a. Set up and level the aiming circle.

b. After the first repetition of the horizontal
angle is measured, place the horizontal
crossline at the height of instrument on the
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forward station by using the elevation control
knob while keeping the vertical crossline on the
station.

¢. Read and record the value of the vertical
angle to the nearest 0.5 mil. If the black nu-
merals are used, the vertical angle is plus; if
the red numerals are used, the vertical angle is
minus.

d. After the second repetition of the hori-
zontal angle is measured, measure the vertical
angle a second time.

¢. Determine the mean vertical angle by add-
ing the first and second reading of the vertical
angle and dividing by 2. The mean vertical
angle should agree with the first reading by 0.5
mil.

58. Declination Constant

The three types of north referred to in artil-
lery survey are: true north, magnetic north,
and grid north. For purposes of this manual
the term “true north” is considered to be syn-
onymous with astronomic and geodetic north.
All points for artillery survey purposes are
located with respect to grid north. To deter-
mine grid north from a magnetic reading in-
strument, determine the angular difference
between grid north and magnetic north. The
clockwise angle from grid north to magnetic
north is called the declination constant. It may
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also be called the grid azimuth of magnetic
north (fig.11).

59. When to Declinate the Aiming Circle

To determine the declination constant for
each instrument and to keep it current, certain
rules prescribe how often and under what cir-
cumstances the aiming circle should be decli-
nated. These rules are as follows:

a. As a general rule, the aiming circle must
be redeclinated when it is moved 25 miles or
more from the area in which it was last decli-
nated. Any appreciable move (a few miles) of
the aiming circle may change the relationship
of grid north and magnetic north as measured
by the instrument. In some locations, a move
of less than 25 miles may cause the aiming cir-
cle to have to be redeclinated.

b. The aiming circle must be redeclinated
after an electrical storm or after receiving a
severe shock, such as a drop from the bed of
a truck to the ground. The magnetic needle is
a delicately balanced mechanism, and any shock
may cause a significant change in the declina-
tion constant for the instrument.

¢. The aiming circle should be redeclinated
every 30 days because of the annual variation
resulting from the gradual movement of the
magnetic field. The annual variation may cause
only a slight change (0.3 mil per year at Fort
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Figure 11. Schematic diagram illustrating the angular value which represents the declination constant.
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Sill, Okla.), or it may be vastly significant (for
other parts of the earth).

d. The aiming circle should be declinated
when it is initially received and redeclinated
when it is returned from ordnance repair.
Variations in the declination constant due to
the time of day are not significant enough to
warrant a redeclination at any specific time.

60. Where to Declinate the Aiming Circle

A declination station should be established
at a place convenient to the using units. It
may be established by a field artillery battalion,
division artillery, or target acquisition bat-
talion. The declination station should be a sta-
tion at which azimuths to two or more azimuth
marks are known (at least two azimuth marks
are desired but one will suffice). For best re-
sults azimuth marks should be at least 1,000
meters from the declination station (if neces-
sary the azimuth marks may be as close as 300
meters).

a. Declination stations are established by
using a transit or theodolite. The direction to
the azimuth marks is determined by applying
an angle measured from a known direction, by
computing the azimuth (providing the coordi-
nates of the declination station and the azimuth
mark(s) are known), or by astronomic obser-
vations.

b. Declination stations should be established
in an area free from magnetic attractions. The
following minimum distances from common
objects with magnetic attraction are pre-
scribed :

Power lines _________________________ 150 meters
Electronic equipment ________________ 150 meters
Railroad traecks . _______________ 75 meters
Heavy and medium artillery, tanks ____ 60 meters
Light artillery, trucks ________________ 40 meters
Barbed wire or helmets _______________ 10 meters

¢. Any survey control point may be used as a
declination station providing an azimuth is
known to some distant point.

61. Procedure for Declinating the Aiming
Circle at a Declination Station

When a declination station is available, the
procedures in declinating the aiming circle are
as follows:

a. Set up the aiming circle in the presecribed
manner. Level the instrument and perform the
checks outlined in paragraph 66.
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b. Set the known grid direction to the azi-
muth mark on the scales of the instrument and,
with the lower motion (nonrecording), sight on
the azimuth mark.

¢. Release the magnetic needle. With the
upper motion (recording), center the needle
through the magnetic needle magnifier.

d. Read the declination constant directly
from the scales (to 0.5 mil).

e. Relevel the aiming circle; repeat b through
d above. Determine a second declination con-
stant by using a second known azimuth mark if
one is available; if not available, use the same
azimuth mark.

f. Compare the two declination constants
determined. If they vary more than 2 mils, re-
peat the entire procedure. If they agree within
2 mils, determine the mean and record it to the
nearest 1 mil on the notation strip of the aiming
circle.

62. Procedure for Declinating the Aiming
Circdle When a Declination Station is
not Available

In rapidly moving situations, time may not
permit establishment of a declination station.
Under such circumstances, declination is per-
formed as follows:

a. Select a point on the ground that is iden-
tifiable on the map. Place the instrument over
this point and prepare it for declination by
leveling it and performing the checks in para-
graph 66.

b. Select two distant points which can be
identified on the map and scale the direction
to each point from the map.

¢. Use the direction scaled from the map and
declinate the instrument by following the
procedure in paragraph 61.

d. Compare the declination constants deter-
mined to each of the two distant points. They
must agree within 10 mils.

e. If the declination constants agree within
10 mils, mean the readings and record the decli-
nation constant. If they do not agree, repeat
the entire procedure.

f. Verify the declination constant determined
by this method as soon as possible.

63. Determining Vertical Angle Correction

The purpose of a vertical angle correction
(VAC) is to insure that the vertical angle de-




termined with the instrument is correct. A
vertical angle correction is determined at the
same time that the declination constant is de-
termined. There are two methods which may
be used to determine the vertical angle correc-
tion, the comparison method and the alternate
method.

a. To determine the vertical angle correction
by the comparison method, the vertical angles
from the declination station to the azimuth
marks must be known. These vertical angles
may be measured with a transit or theodolite
or they may be computed from height and dis-
tance. If computed vertical angles are used, the
measured vertical angles should be observed to
height of instrument at the unoccupied stations.
The vertical angle correction is determined by
the comparison method as follows:

(1) After determining the declination con-
stant, verify the level of the instru-
ment. Measure the vertical angle to
each azimuth mark to which the ver-
tical angle is known. Read and record
the value to the nearest 0.5 mil.

(2) Verify the level of the instrument and
measure the vertical angle to each azi-
muth mark a second time. Record the
value of the second angle.

(83) Mean the vertical angles measured to
each azimuth mark and compare the
mean of each with the corresponding
known vertical angle, Determine the
differences (=£). The differences deter-
mined should be within 1 mil of each
other. A mean difference should be
determined. This mean difference to
the tenth of a mil should be written
on the notation strip with the declina-
tion constant (i.e., VAC 4.0 mils).

Ezample:

+23.0 mils=known vertical angle to azimuth mark 1

+21.5 mils=mean measured vertical angle to azimuth
mark 1

+ 1.5 mils=difference

— 9.0 mils=known vertical angle to azimuth mark 2

—10.8 mils=mean measured vertical angle to azimuth
mark 2

+ 1.8 mils=difference

+ 1.5 mils=difference at azimuth mark 1
+ 1.8 mils=difference at azimuth mark 2
+ 1.6 mils=mean difference or vertical angle correction
b. To determine the vertical angle correction
by the alternate method, two stations are estab-
lished approximately 100 meters apart. The
stations should be marked with a hub or some
other convenient marker. It is not necessary to
know the coordinates and height of the sta-
tions or the distance between them. The aim-
ing circle is set up at one of the stations. The
height of instrument is marked on a ranging
pole with a pencil. The height of instrument
is measured from the height of the station
marker (e.g., hub) to the center of the objec-
tive lens of the telescope. The ranging pole is
placed vertically over the second station. The
vertical angle to the mark on the ranging pole
is then measured with the aiming circle. (One
edge of a card may be held coincident with the
pencil mark to assist in sighting. As an arbi-
trary rule, such a card is usually placed so that
the top edge is coincident with the mark.) The
aiming circle is then moved to the second point
and set up. The height of instrument at the
second station is marked on the ranging pole.
The pole is set up over the first station, and the
vertical angle from the second station to the
first station is measured. The vertical aagles
measured at the two stations are compared If
they are numerically equal but of opposite ¢ qgn
(e.g., +7.0 and —7.0), the level line checks if
not, a vertical angle correction must be detelr-
mined. The correction is numerically equal to
one-half of the algebraic sum of the two angles
The algebraic sign of correction is opposite b
the sign of the algebraic sum of the two a,ngles\\
For example, if one angle were +22 mills and
the other were —24 mils, the vertical angle
correction would be +1.0 mil. The vertical
angle correction must be applied to all vertical
angle measurements.

64. Measuring Grid Azimuth With the
Aiming Circle

A declinated aiming circle can be used to
measure grid azimuths, The procedures in
measuring a grid azimuth are as follows:

a. Set up the aiming circle (pars. 53 and
54).

b. Using the upper motion, set the declina-
tion constant on the scales of the instrument.
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¢. Release the magnetic needle and center the
needle by using the lower motion.

d. Lock the needle.

e. Using the upper motion, turn the instru-
ment and sight at the desired point,

f. Read and record the measured grid azi-
muth as indicated on the scales of the aiming
circle to the nearest 0.5 mil.

g. Repeat the procedure and determine the
grid azimuth a second time. The two azimuth
determinations should agree within 2 mils. If
they do not agree, repeat the entire procedure.
If the two determinations are within toler-
ances, mean the two azimuths.

h. Record the measured grid azimuth to the
nearest 0.1 mil.

Section lll. CARE AND MAINTENANCE

65. Care of the Aiming Circle

Proper care of an instrument will prolong
its life and insure better results to the user.
Listed in a through 7 below are several pre-
cautions which should be observed while using
the aiming circle.

a. To protect the screw threads, do not
tighten the adjusting, clamping, or leveling
screws beyond a snug contact.

b. The lenses should be cleaned only with
lens tissue or a camel’s-hair brush. Care should
be taken not to scratch the lenses or remove
the bluish coating. The bluish coating reduces
the glare for the observer.

c. /’[l‘he tripod legs should not be embedded
in the ground with leg clamp thumbscrew
ﬁrm/y tightened. The thumbscrews should be
left' slightly loosened until the legs are em-
bedded.

{. The tripod head should be wiped clean of
dit and moisture and should be examined for
ntks or burs before the instrument is attached
to/ the tripod.

! e. The magnetic needle should be locked
when not in use.
' f. The azimuth knob should be positioned
over the notation strip before the instrument
is put in its case.

g. Care should be taken to avoid forcing
movement of the worm gears either in disen-
gaging or engaging them. In disengaging, be
sure that the gear is free before rotating the
instrument. To reengage the worm gear, move
the instrument back and forth slightly until
the two gears mesh.

h. The aiming circle should not be lubricated
by unit personnel. All parts requiring lubrica-
tion are enclosed and should be lubricated only
by ordnance instrument repair personnel. The
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instrument should be checked periodically by an
ordnance maintenance unit.

i. The instrument should be kept clean and
dry. Metal parts should be cleaned of grease
and oil with mineral spirits paint thinner and
then wiped dry. The polished surfaces should
be given a thin coat of light grade aircraft
instrument lubricating oil to prevent rust.
Electrical parts should be cleaned with carbon
tetrachloride. Rubber parts, other than elec-
trical parts, should be cleaned with warm
soapy water. After the rubber parts are dry,
a coating of powdered technical talcum should
be used to preserve the rubber. Canvas should
be cleaned with a dry brush or by scrubbing
with brush and water. Saddle soap may be
used to remove o0il or grease fromn canvas
straps.

66. Maintenance Checks and Adjustments

If the maintenance checks described in a
through e below (with the exception of check-
ing the azimuth and elevation scales and associ-
ated micrometer for simultaneous zero read-
ing) show that an adjustment is necessary, the
aiming circle should be turned in to the sup-
porting ordnance maintenance unit for repair.
Checks should be performed each time prior to
using the instrument. The maintenance checks
are as follows:

a. Level Vial Check. After the aiming circle
has been leveled, rotate the instrument through
6,400 mils. If the bubbles (circular and tubular
levels) do not remain centered, the instrument
should be turned in for repair.

b. Magnetic Needle Check. Set up and level
the aiming circle. Center the south end of the
magnetic needle. To test the needle for slug-
gishness, move an iron or steel object back and
forth in front of the aiming circle. Permit the
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needle to settle. If the needle does not return
to center in the reticle, the instrument should
be turned in for repair.

¢. Tilted Reticle Check. After the aiming
circle has been set up and leveled, place the
crosslines on some well-defined point. Elevate
and depress the telescope. If the vertical cross-
line moves off the point, the instrument should
be turned in for repair.

d. Level Line Check. The purpose of the level
line check is to determine if the vertical angles
are measured correctly with the instrument.
If the vertical angles are not measured cor-
rectly and there is not adequate time to turn
the instrument in for repair, a vertical angle
correction should be determined. The perform-

- ance of this check and the procedure for deter-

mining a vertical angle correction are discussed
in detail in paragraph 63.

e. Micrometer Adjustment Checks. The only
adjustments that may be made by using unit
personnel are the adjustments of the microm-
eters so that they read zero when the main
scales with which they are associated read zero.
The micrometer checks and adjustments should
be made prior to determining the declination
constant and the vertical angle correction.

(1) The azimuth micrometer is checked
and adjusted as follows:

(a) Set the zero of the azimuth scale
opposite the index mark.

(b) If the zero of the azimuth microm-
eter is opposite the index, no ad-
justment is necessary. If it is not
opposite the index, loosen the screws
on the end of the azimuth knob and
slip the micrometer scale until the
zero is opposite the index.

(¢) Hold both the azimuth knob and the
micrometer scale and tighten the
knob screws.

(d) Check to insure that neither the
knob nor the scale moved while
tightening the screws.

(2) The elevation micrometer is checked
and adjusted as follows:
(a) Set the zero of the elevation scale
opposite the index mark.

(b) If the zero of the elevation microm-
eter is opposite the index, no ad-
justment is necessary. If it is not
opposite the index, loosen the
screws on the end of the elevation
knob and slip the elevation microm-
eter scale until the zero is opposite
the index.

(¢) Hold both the elevation knob and
micrometer scale and tighten the
knob screws.

(d) Check to insure that neither the
knob nor the scale moved while
tightening the screws.

f. The telescope level vial is checked as fol-
lows:

(1) Level the instrument.

(2) Set the elevation scale and the eleva-
tion knob on zero.

(8) Check the position of the telescope
level bubble. It should be centered.

(4) If the bubble is not centered, the in-
strument should be turned in for re-
pair.

g. The telescope level vial is not used when
measuring a vertical angle. Therefore, it is not
necessary to turn in the instrument for repair
solely for the adjustment of the telescope level
vial.

67. Moving the Aiming Circle

When moving the instrument from station to
station, a man on foot may carry the instru-
ment, mounted on its tripod, over his shoulder.
When he passes through trees or underbrush,
the instrument should be cradled in both arms
with the instrument head forward. When the
instrument is carried in a vehicle, it should be
placed in its case and protected from shock.
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CHAPTER 6

TRANSIT

Section 1.

68. General

a. The transit is an instrument which may
be used to obtain angular values for artillery
fifth-order survey. This instrument, which is
being replaced by the Wild T16 theodolite, can
be used to measure both horizontal and vertical
angles. Two types of transits are issued to
artillery units—the 1-minute transit and the
20-second transit. The main difference between
the two transits is the graduations on the hori-
zontal scales. The least readings on the hori-
zontal scales of a 1-minute transit and a 20-
second transit are 1 minute and 20 seconds,
respectively. Their vertical scales are identical;
the least reading on the vertical scales is 1
minute.

b. The transit is issued with a tripod and
accessories. The accessories include a hard-
wood carrying case, waterproof cover, dust cap,
sunshade, wrench, screwdriver, plumb bob,
magnifying glass, adjusting pins, and night-
illumination equipment. (The night-illumina-
tion accessories may be mounted on the instru-
ment (fig. 12).) The transit and all accessories
fit into the carrying case.

¢. The principal components of the transit
are the telescope, the standards, the upper
{vernier) plate, the lower plate, the leveling
head, and the footplate. The upper plate and all
parts of the instrument which rotate with the
upper plate (including the standards and the
telescope) are referred to as the alidade of the
transit (fig. 13).

d. The telescope, which- may be either the
external or the internal focusing type, magnifies
an image about 18 to 25 diameters. The tele-
scope contains a crosshair ring which has four

30

GENERAL

crosshairs. The center horizontal crosshair and
the vertical crosshair are used in making point-
ings. The upper and lower horizontal cross-
hairs are stadia hairs which are used for
measuring distances by stadia (TM 5-232).
(The stadia hairs are not used in field artillery
surveys.) The telescope is supported by trun-
nions resting on bearings in the standards
which permit its rotation in a vertical plane.
The telescope can be rotated through 360°. The
telescope can be clamped in the vertical plane
by means of the vertical motion clamping screw
(fig. 12). When the clamping screw is tight,
the telescope can be moved a small amount by
means of the vertical motion tangent screw. A
vertical circle is fixed on one end of the axle
of the telescope and rotates with it. The ver-
tical circle is graduated and is known as the
main vertical scale. Attached to one of the
standards is a vernier which is used in conjunc-
tion with the main vertical scale in reading
vertical angles. Fastened beneath the telescope
is a level vial, which is not used in artillery
surveys.

e. Attached to the upper plate are the
A-shaped standards which support the tele-
scope. Also attached to the upper plate are
verniers which are used in conjunction with
the main horizontal scale to read horizontal
angles. Two glass windows are provided in the
upper plate. The A vernier is read through
one of the glass windows. The B vernier is
not read in artillery survey. Two mutually
perpendicular level vials, known as plate levels,
are fastened to the upper plate. One of them
is parallel to the trunnions of the telescope.
These plate levels indicate whether or not the
plates of the instrument are level. A compass




is also mounted on the upper plate. In artillery‘

surveys, the compass is used only to determine
rough azimuths.

f. The upper and lower plates are each at-
tached to spindles. The spindle of the upper
plate fits into the hollow spindle of the lower
plate. Thus, the axis of rotation of the upper
plate coincides with the axis of rotation of the
lower plate.

g. Attached to the upper side of the lower

plate is a horizontal circle which is graduated
both clockwise and counterclockwise from 0° to
360°. This is known as the main horizontal
scale. The center of the circle coincides with
the axis of rotation of the spindles.

h. The spindle of the lower plate fits into the
hollow center of the leveling head. The spindle
of the upper plate passes through the spindle
of the lower plate and the hollow center. The
bottom of the hollow center is the top half of
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Figure 12. Transit.
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a ball which pivots in a socket in a sliding
plate. This plate, known as the shifting center,
is mounted below the footplate. The socket of
the shifting center fits through a hole in the
footplate. The hole in the footplate is larger
than the socket. This permits the alidade, the
lower plate, and the leveling head to pivot
about the ball-and-socket joint and also to slide
in any direction relative to the footplate.
These movements provide means of leveling
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the instrument and centering it over a point.
The footplate can be fastened to the head of
the tripod by means of threads in the footplate
and on the head of the tripod. A hook is pro-
vided at the bottom center of the leveling head
to which can be fastened the cord of a plumb
bob. The hook is fastened to the spindle of
the upper plate.

i. Four leveling screws are fastened to arms
on the leveling head. These screws are used in
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Figure 18, Transit, exploded view.
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conjunction with the plate levels to level the
instrument. They have shoes which bear on
the footplate. When any two adjacent screws
are loose, the instrument can be shifted on the
footplate. When they are tight, the instrument
is clamped to the footplate. Turning dia-
metrically opposite screws in opposite direc-
tions tilts the alidade in one plane about the
ball-and-socket joint.

j. The tripod head is mounted on three
wooden legs. Each leg is fastened to a lug on
the underside of the tripod head with a bolt
and wingnut. The bottom of each leg is shod
. with a pointed steel shoe. An aluminum or
composition cap is provided to protect the
threads of the tripod head when the instru-
ment is not in use.

k. The spindle attached to the lower plate
can be clamped to the leveling head by the
lower plate clamping screw. The spindle at-
tached to the upper plate can be clamped to
the spindle attached to the lower plate by
means of the upper plate clamping screw.
Thus, the two plates may rotate together about
the leveling head (lower or nonrecording mo-
tion), or the upper plate may rotate within the
lower plate (upper or recording motion). Tan-
gent screws are provided, one for each spindle,
which provide a means for rotating either
spindle a small amount when the correspond-
ing clamping screw is tight. Rotation of a
plate with its clamp loose is known as fast
motion. Rotation of a plate by means of its
tangent screw with the plate clamped is
known as slow motion. Thus, there are fast
and slow upper (recording) motions and fast
and slow lower (nonrecording) motions.

69. Mounting Transit on the Tripod

The tripod is set up as nearly as possible
directly over the station with the legs spread
at an angle that will insure stability. The tri-
pod head should be placed approximately
horizontal by adjusting the position of one or
more of the legs. Remove the tripod head
cover. Remove the transit from the case by
grasping the cross members of the standards,
being careful not to grasp the vertical circle.
With one hand, place the transit on the tripod
by holding the transit by the standard not con-
taining the vertical circle and, with the other
hand, loosen the lower motion clamping screw

and screw the footplate onto the tripod head.
Remove the plumb bob from the transit box
and suspend it from the hook under the instru-
ment.

70. Centering Instrument Over Station

a. If the transit is not initially set up over
the station, then it can be picked up as a unit
with the tripod, with the legs in their same
relative positions, and moved until the plumb
bob hangs within 2 or 3 inches of the station
mark. Push two of the tripod legs firmly into
the ground so that the plumb bob, the point,
and the third leg are in line and the station
point is between the plumb bob and the third
leg. When the third leg is then pushed into the
ground, it will swing the plumb bob close to
the station point. Raise or lower the plumb
bob until it hangs about 1 inch over the station
mark.

b. Loosen the wingnuts on the tripod legs
and alter the position of the legs until the
plates are approximately level and the plumb
bob is over the station. Assure a firm setup
by pushing the legs will into the ground. When
the plumb bob is close enough to the station
that any further adjustment can be made by
using the shifting plate, the tripod legs are
tightened in place.

¢. Lower the plumb bob so that it can move
freely, just above the station mark. Loosen
two adjacent leveling screws so that the instru-
ment head may be shifted on the footplate,
and then move the plumb bob over the station
mark. Tighten tiwo adjacent screws to hold the
transit in this position.

71. Leveling Transit

Before leveling the transit, remove the dust
cap, attach the sunshadé, and loosen the lower
fast motion and the vertical motion clamping
screw. Turn the alidade so that one of the
plate levels is parallel to two diagonally op-
posite leveling screws (fig. 14). When one
plate level is longer than the other, the long
plate level is used. Grasp the heads of the
leveling screws, one between the thumb and
forefinger of each hand. Turn the screws so
that the thumbs move either toward each other
or away from each other. This tightens one
screw and loosens the other. The bubble always
moves in the same direction as the left thumb.
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Figure 14. Leveling the transit.

After the bubble has been brought to the center
of its vial, rotate the upper plate so that the
plate level is parallel to the other set of diagon-
ally opposite leveling screws and center the
bubble. Return the plate level to the first posi-
tion and recenter it if necessary. Return the
plate level to the second position and recenter
it if necessary. Repeat this procedure until the
bubble is centered in both positions. Rotate
the alidade through 360°. If the bubble does
not move more than one graduation through-
out the rotation, the transit is considered level.
If the bubble moves off center more than one
graduation, place the plate level parallel to the
leveling screws first used but on the opposite
side of the leveling head from the position in
which the bubble was first centered. Move the
bubble toward the center one-half of the devia-
tion, using the leveling screws. Repeat this
procedure with the plate level parallel to the
other pair of diagonally opposite screws. Again
rotate the plate 360°. The bubble should not
move more than one graduation. If it moves
more than one graduation, continue the level-

Section Il.

73. Scales

a. The horizontal scales of a transit (figs. 15
and 16) consist of the main scale and two
verniers (A and B). Normally, only the A
vernier is used in artillery surveys. The main
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ing procedure until the buble moves less than
one graduation when the alidade is rotated
through 360°. If it is impossible to level the
transit by the above-mentioned procedures, the
plate levels should be adjusted (par. 83).

72. Adjusting for Parallax

Before a transit (or theodolite) is used for
measuring angles, the telescope must be prop-
erly focused (adjusted for parallax). The
telescope is adjusted for parallax by bringing
the focus of the eyepiece and the focus of the
objective lens to the plane of the crosshairs
(crosslines). Improper adjustment for paral-
lax causes apparent motion of the target
(point sighted on) when the eye is moved
across the eyepiece. This parallax (apparent
motion) introduces error in measured angles.
When parallax exists, an instrument operator
is unable to make consistently accurate point-
ings. Proper adjustment for parallax does not
necessarily produce the clearest and sharpest
image of a distant object. The instrument is
adjusted for parallax as follows:

a. Point the telescope toward a bright space
such as the sky.

b. Focus the eyepiece by rotating it until the
crosshairs appear sharp and black.

¢. Point the telescope on some distant object
and focus the objective lens by rotating the
focusing knob until the image of the object is
clear and sharp.

d. Test the adjustment by moving the eye
slowly across the eyepiece. If the image of the
object sighted on appears to move with respect
to the crosshairs, parallax is present. The
focus of each lens should be changed slightly
until the crosshairs are sharp and clear, the
image is clear, and there is no apparent mo-
tion. The focus of each lens may have to be
readjusted throughout the day, if the ob-
server’s eyes become tired.

USE OF TRANSIT

scale is a complete circle graduated from 0° to
360°, clockwise and counterclockwise. There
are two series of numbers which label the
graduations. The inner series increases from
0° to 360° in a clockwise direction; the outer




series increases in a counterclockwise direc-
tion. The inner series (clockwise) is used in
artillery surveys. The main scale is attached
to the lower plate and rotates only with the
lower motion of the transit. The verniers are
arcs, mounted edge-to-edge with, and inside of,
the main scale. They are attached to the upper
plate and rotate in a horizontal plane with the
alidade.

b. The vertical scales differ from the hori-
zontal scales in that the main scale is inside
the vernier and rotates with the telescope, but
the vernier is fixed. Furthermore, the main
vertical scale is divided into quadrants of 90°
each (fig. 17).

74. Reading Horizontal Scales of the

20-Second Transit .

The least reading on the main horizontal
scale of the 20-second transit is 15 minutes

(fig. 15). The least reading on the vernier is
20 seconds. To read an angle, first determine
the value on the main scale opposite the index
in the center of the vernier. If the index falls
between two main scale graduations, the grad-
uation having the smaller value (graduation to
the right of the index) must be read. In figure
15, the value on the main scale is 125° 45’
Next, determine the value on the vernier. The
value on the vernier is always read on that
portion of the vernier to the left of the index.
To determine the value on the vernier, observe
along the scale in a clockwise direction from
the index until a graduation on the vernier is
found that coincides with a graduation on the
main scale. In figure 15, this value is 05’ 20”.
Finally, add the value read on the vernier to
the main scale reading. The value of the angle
read from the main scale and the vernier in

I MAIN SCALE 125°45, .
VERNIER 05 20

Figure 15.

Horizontal scale, 20-second transit.
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figure 15 is 125° 45’ plus 05 20”7
50’ 20”.

or 125°

75. Reading Vertical Scales of the
20-Second Transit

The least reading on the main vertical scale
of the 20-second transit is 30 minutes. The
least reading on the vernier is 1 minute. In
measuring vertical angles, both sides of the
vernier are used. A simple rule of thumb al-
ways designates the proper side of the vernier
to use. Draw an imaginary line from the 0 on
the main scale toward the 0 on the vernier.
This line will point toward the side of the
vernier which should be used. For example, in
figure 18, the imaginary line from the main
scale 0 to the vernier 0 points toward the right
side of the vernier, and the right side of the
vernier must be used. In this example, the
main scale reading is 06° 30’ and the vernier

00¢

Q\

\ T \“"\\M\‘l e

VERNIER
ANGLE

My,
él(l,}i }1‘3‘”,“’ 0 hl'

/0

Figure 16.

36

LYY
.m, ‘“bnlh I;/

MAIN SCALE 342°30'

]' B

3480
20

Horizontal scales,

342°35'

reading is 09’. Thus, the reading on the vertical
scales is 06° 30’ plus 09’ or 06° 39’. It is easy
to determine the sign of a large vertical angle
by observing whether the telescope is pointing
up or down. However, with vertical angles less
than 1°, it is difficult to determine which way
the telescope is pointing. The sign of the verti-
cal angle can be determined by the position of
the zeros on the vertical scale and vernier, If
the 0 on the vertical scale is between the ob-
jective end of the telescope and the 0 on the
vernier (direct or reverse), the vertical angle
is plus (+). If the 0 on the vertical scale is
between the telescope eyepiece and the 0 on the
vernier (direct or reverse), the vertical angle
is minus (—). For example, in figure 18 the 0
on the vertical scale is between the telescope
eyepiece and the 0 on the vernier. Therefore,
the vertical angle in figure 18 is minus and is
recorded as —06° 39’.
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Figure 17. Vertical scales.

Main Scale —06° 30'

Vernier + 09'
Angle —06° 39" __

Figure 18. Reading on vertical scales of the transit.
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76. Reading Scales on the 1-Minute
Transit

a. The least reading on the main horizontal
scale of the 1-minute transit is 30 minutes
(fig. 16). The least reading on the vernier is
1 minute. The horizontal scales of a 1-minute
transit are read in a manner similar to that in
which the horizontal scales of a 20-second
transit are read. In figure 16, the main scale
reading is 342° 30’ and the vernier reading is
05. The value of the angle read from both
scales is 342° 30" plus 05’ or 342° 35’.

b. The vertical scales of the 1-minute transit
and the 20-second transit are identical and are
read in the same manner.

77. Measuring Horizontal Angles

a. With the transit set up over the station
at which the angle is to be measured, adjust
for parallax and set the 0 of the A vernier
exactly opposite the 0 of the main horizontal
scale, using the upper motions. Using the fast
lower motion, point the telescope approxi-
mately at the rear station by sighting, first
over the top of the telescope and then through
it. Clamp the lower plate clamping screw.
With the slow lower motion, place the cross
hairs exactly on the station. (The final direc-
tion of movement of the cross hair should be
made from right to left by rotating the tangent
screw in a clockwise direction.) Unclamp the
upper plate clamping screw. Rotate the alidade
until the telescope is pointed approximately at
the forward station by sighting, first over the
top of the telescope and then through it. After
clamping the upper plate, use the slow upper
motion to place the cross hairs exactly on the
forward station. (The final direction of move-
ment of the crosshairs should be made from
right to left by rotating the tangent screw in a
clockwise direction.) Unclamp the lower mo-
tion. (The lower motion should be unclamped
at all times except for measuring an angle.)
Read the value of one measurement of the
angle from the horizontal scale. Record this
value.

b. The complete measurement of any hori-
zontal angle consists of the mean of at least
two separate measurements. When two sepa-
rate measurements are made, one is made with
the telescope direct and one with the telescope

38

reversed (1 D and R). One measurement of
the angle is made as described in a above; then
the telescope is plunged (rotated 180° in a
vertical plane so that the focusing knob is be-
low, rather than above, the telescope). The
telescope is again pointed exactly at the rear
station, using the lower motions (the upper
motion is not disturbed). The telescope is then
pointed exactly at the forward station, using
the upper motions. The accumulated value of
the two measurements of the angle is then read
on the horizontal scales and recorded. In
artillery fifth-order surveys, the number of
separate measurements of an angle that are
taken is two (1 D and R). The same number
of measurements must be made with the tele-
scope reversed that are made with the telescope
direct. The direct measurements are always
made first; the telescope is plunged, and then
the reversed measurements are made (each
measurement is accumulated on the scales).
The values of the first direct and the last re-
versed measurement are read and recorded.
The mean angle is determined by dividing the
accumulated value of the measurements by the
number of measurements; for example, an
angle 1 D and R is meaned as follows:

Direct (D) 135° 16’ 20”

Reverse (R) 270° 32" 20”

Mean angle 135° 16’ 10”
When an angle is measured 1 D and R and the
direct reading exceeds 180°, then the angle is
meaned by adding 360° to the reverse reading
and dividing the sum by 2. This mean angle
is considered to be the measured value of the
angle. The value of the first direct measure-
ment of an angle should be compared with the
value of the mean angle. The primary purpose
of this comparison is to detect errors, such as
making an improper number of repetitions
with the telescope in the direct or reversed
positions.

¢. When a transit is used to measure the
angle(s) at a station, the angle closing the
horizon should be measured. The angle closing
the horizon is measured from the forward sta-
tion of the last required angle to the rear sta-
tion of the first required angle. If only one
required angle is measured, the angle closing
the horizon is measured from the forward sta-
tion to the rear station of the required angle.




The angles about a station should be measured
in a clockwise sequence. The angle closing the
horizon is usually measured last. Figure 19
illustrates horizon closure. The sum of the

Number of angles measured

angles measured about a station, including the
angle closing the horizon, should not vary from
360° by more than a value computed as
follows:

Least reading of transit

Including closure angle

For example, if three angles (including the
angle closing the horizon), are measured one
.D and R, with a 1-minute transit, the sum of
the angles should not vary from 360° by more
than—
3 x 60 seconds = 90 seconds
2
If the sum of the angles varies from 360° by

REQUIRED
ANGLE
ANGLE —
CLOSING
THE HORIZON
Ist REQUIRED ANGLE
2d REQUIRED
<"~ ANGLE
ANGLE—” ®_3d REQUIRED
CLOSING ANGLE
THE HORIZON
4th REQUIRED
ANGLE
Figure 19. Horizon closure.

Number of measurements per angle

more than the value computed as explained
above, the angles must be remeasured.

d. When the angles measured about a station
have been determined within the tolerance ex-
plained in ¢ above, their meaned values must
be adjusted so that their sum equals 360° 00’
00”. The amount by which each angle must be
adjusted is determined by dividing the differ-
ence between the sum of the angles and 360°
00’ 00” by the number of angles measured
about the station. The quotient resulting from
this division may not be a whole number. In
that case, the remainder is distributed, 1 sec-
ond each, among the angles having the greatest

values. For example, three meaned angles
were determined and are adjusted as follows:
Angle 1 .................. 165° 49" 20”
Angle 2 .................. 90° 06’ 20”
Angle 3 .................. 104° 04’ 00”
Sum ........ . i 359° 59’ 40”

In this case, the sum of the angles differed
from 360° by 20”. To determine the amount by
which each angle is to be adjusted, divide 20”
(difference between sum and 360°) by 3 (num-
ber of angles). The quotient is 06” with a re-
mainder of 02”. Distribute the remainder by
adding 01” to the corrections for the 2 largest
angles, thus making the corrections 06”, 07",
and 07”. Apply the corrections to the mean
angles in such a way as to make their sum
equal to 360° 00’ 00", as follows:

Mean Corrections Adjusted

Angle 1____165° 49’ 20"  (407”) 165° 49" 27"
Angle 2____ 90° 06’ 20" (406") 90° 06’ 26"
Angle 3____104° 04’ 00"  (+07") 104° 07" 07"

Sum ____359° 59’ 40" 360° 00’ 00"

e. The procedures discussed in a through d
above apply to measurements made with both
the 20-second and 1-minute transits.

78. Measuring Vertical Angles With
Transit

a. The vertical angle to a point is measured
from the horizontal plane passing through the
axis of the telescope of the transit. To measure
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a vertical angle to a point with the transit, set
the transit over the station at which the angle
is to be read. With the telescope in the direct
position, place the crosshairs on the point at
HI. (The final direction of rotation of the
vertical motion tangent screw should be in a
clockwise direction.) Read the measurement
of the vertical angle on the main vertical scale
and the vernier. Plunge the telescope and
again place the crosshairs on the point. Read
the measurement of the vertical angle on the
vertical scales. Determine the mean vertical
angle by dividing the scale reading by 2. This
is the mean angle and is considered to be the
measured value of the angle.

b. When measuring a vertical angle in con-
Jjunction with the measurement of a horizontal
angle, read the first value of the measurement
of the vertical angle immediately before read-
ing the value of the first (direct) measurement
of the horizontal angle. Read the value of the
second (reversed) measurement of the vertical
angle immediately before reading the value of
the last (reversed) measurement of the hori-
zontal angle. The vertical angle is always
measured in conjunction with the pointings on

the forward station of a horizontal angle. (If
the vertical angle is required to the rear station
of the first angle, it is measured in conjunction
with the pointings on the forward station of
the angle closing the horizon.) After the cross-
hairs have been placed on the forward station,
raise (or lower) the telescope until the hori-
zontal crosshair is pointed at the HI. Unclamp
the lower motion. Rotate the transit so that
the vertical scale can be read conveniently.
Read the vertical scales. Rotate the transit so
that the horizontal scales can be read con-
veniently. Read the horizontal scales. (Read-
ing the vertical scales first permits the
telescope to be elevated to facilitate reading the
horizontal scales.)

¢. Figure 20 is a sample record of horizontal
and vertical circle readings.

79. Care of Transit

The transit is a delicate instrument; care
must be taken not to drop or bump it against
any object. In moving the instrument from
station to station, a man on foot may carry the
instrument, mounted on its tripod, over his
shoulder (fig. 21). When he passes through

Stodion Jorizontol %1 v gertiee 2,
AZMK |D / /20 15 |00 *+/ /2
BNSCP R 2 240 30 20 +/ /3
7S/ MN A 120 15 |/o
ADJ 4 /120 /5 /5 + /2 30
7S/ D / 239 45 |oo
BNSCP R 2 119 29 |20
AZMK [MN A 239  #4 |40
ADJ 4 239 44 |46
|

Figure 20. Recording horizontal and vertical circle readings.
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trees or underbrush, he should carry it under
one arm, with the hand of his other arm on
the head of the tripod or the footplate of the
transit (fig. 22). In either case, the upper
motion should be clamped and the lower mo-
tion left unclamped. The telescope should be
clamped with the telescope pointing upward.
When the instrument is carried in a vehicle, it
should be placed in its case. Before placing the
transit in its case, the transit operator should
verify that the shifting center is in the center
of the footplate and that the leveling screws
are approximately at the same height. The
upper motion should be clamped; the lower
motion should not. The vertical motion should
be clamped. The case should be held on the
lap of the operator or cushioned from shock in
some other way.

80. Cleaning Transit

The transit must be kept clean and dry.
During use, as necessary, and after use, the
instrument should be cleaned as follows:

a. Painted surfaces should be wiped with a
clean cloth.

b. The exterior of the vernier windows
should be cleaned with a camel’s-hair brush or
wiped with a clean cloth.

¢. The exterior of the eyepiece and the ob-
jective lens should first be brushed with a
camel’s-hair brush to remove dust and then
wiped with lens tissue to remove moisture.

Care must be taken mot to scratch the lemses
and the coating on the lenses.

d. The wvertical circle and vertical circle
vernier should be brushed with a camel’s-hair
brush or wiped with lens tissue. Lens tissue
should be wiped across (perpendicular to) the
graduations to avoid removal of the blacking.

e. The leveling screws should be cleaned one
at a time. Run the screw which is diagonally
opposite the screw to be cleaned all the way up.
At the same time, run the screw to be cleaned
all the way down. The screw should be
cleaned with a clean cloth. A string may be
pulled through the grooves to aid in removing
dust.

f. The upper surface of the footplate should
be wiped with a clean cloth. This surface must
be kept clean at all times.

81. Repair of Transit

Adjustment (except as explained in pars.
82-87) and repair of the transit must be per-
formed by qualified instrument repair person-
nel. Artillery units should turn transits in to
the engineer unit which is responsible for pro-
viding maintenance service for necessary ad-
justment and repair.

82. Adjustment of Transit
a. The transit must be kept in good adjust-

ment to obtain accurate results. There are five
tests and adjustments of the transit that the

Figure 21. Carrying transit on the shoulder.

Figure 22.

Carrying transit under one arm.
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artillery surveyor must be capable of perform-
ing. These tests and adjustments are described
in paragraphs 83 through 87.

b. All tests and adjustments of the transit
are made with the instrument mounted on its
tripod and set up in the shade. The five tests
of the instrument should be made periodically,
in the sequence in which they are discussed in
paragraphs 83 through 87. When one of the
tests indicates that an adjustment is necessary,
this adjustment must be made and all previous
tests must be repeated before proceeding with
the next test.

83. Adjustment of Plate Levels

a. Purpose. The purpose of the adjustment
of the plate level is to make the level vials
parallel to the upper plate.

b. Test.

(1) Using the leveling screws, bring the
bubbles of both plate levels to the
centers of their vials.

(2) Turn the transit through 180° of
azimuth. If these levels are correctly
adjusted, the bubbles will then come
to rest centered in their vials.

c. Adjustment. When the bubble of either
plate level comes to rest off center in the test,
the bubble should be moved halfway back to
center by turhing the leveling screws, and then
it should be centered by turning the capstan
nut at either end of the level tube.

d. Frequency of Test and Adjustment. The
test of the plate levels should be made every
time the instrument is set up for use. When
an error in the adjustment of either plate level
is indicated, it is not always necessary to make
the adjustment, because the operation of bring-
ing the bubble halfway back to center by turn-
ing the leveling screws makes the vertical axis
of the transit vertical. The adjustment must
be made, however, before other tests and ad-
justments of the instrument. For artillery sur-
vey needs, only the long bubble need be in
adjustment; however, in case of damage to
the long bubble, the short bubble should also
be in adjustment.

84. Verticality Adjustment of Vertical
Crosshair
a. Purpose. The purpose of the verticality
adjustment is to make the vertical crosshair lie
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in a plane perpendicular to the horizontal axis
of the telescope.
b. Test.

(1) Select a stable, well-defined point that
is at least 100 meters from the tran-
sit. Center the vertical crosshair on
this selected point.

(2) With the elevation tangent screw, ele-
vate and depress the telescope. If this
adjustment is correct, the point will
appear to move up and down on the
vertical crosshair.

c. Adjustment.

(1) If the point moves away from the
vertical crosshair, loosen the screws
holding the crosshairs and rotate the
reticle by lightly tapping two opposite
SCrews. :

(2) Sight on the point again and if the
vertical crosshair does not follow the
point throughout its entire length, ro-
tate the ring again.

(3) Repeat this process until the condi-
tion is corrected.

85. Collimation Adjustment of Vertical
Crosshair
a. Purpose. The purpose of the collimation
adjustment of the vertical crosshair is to make
the line of sight (as defined by the vertical
crosshair) perpendicular to the horizontal axis
of the telescope. '

b. Test.

(1) Point the telescope at a point about
100 meters distant and set a stake at
that point. Clamp both the upper and
the lower motions. Mark the stake
with the letter A exactly on the line
of sight.

(2) Plunge the telescope and set a second
stake on the line of sight at a distance
from the instrument approximately
equal to that of the first stake. Mark
the second stake with the letter B ex-
actly on the line of sight. Label this
mark B. (The two stakes and the in-
strument should be as nearly in a
common horizontal plane as possible.)

(3) Rotate the alidade, using the lower
motions, until the crosshairs are
again on mark A.




(4)

Plunge the telescope. If the instru-
ment is in adjustment, the line of
sight will fall on mark B.

¢. Adjustment.

(1)

(2)

(3)

(4)
(5)

If the line of sight does not fall on
mark B, place a mark C exactly on
the line of sight. Normally, mark C
will fall on the stake on which mark
B was placed. If it does not, a card
may be attached to the stake and
mark C is placed on the card.

The point midway between marks B
and C is the extension of the straight
line from mark A through the instru-
ment. Place mark D at the point mid-
way between B and C. Place a mark
E at the point midway between C
and D.

With the telescope pointed at mark C,
adjust the crosshairs until they are
exactly on mark E by loosening the
crosshair ring-retaining screw on one
side of the telescope tube and tighten-
ing the opposite screw. To move the
crosshair to the left, loosen the screw
on the left side; to move it to the
right, loosen the screw on the right
side.

Rotate the alidade until the vertical
crosshair falls on mark D.

Plunge the telescope. The vertical
crosshair should fall on mark A. If it
does not, the adjustment must be re-
peated.

86. Collimation of Horizontal Crosshair

a. Purpose. The purpose of the collimation
of the horizontal crosshair is to make the in-
strument read the same value for the vertical
angle to a point, with the transit direct and
with the transit reversed.

b. Test.

(1)

(2)

(3)

Select a stable, well-defined point at
least 100 meters from the transit at
any vertical angle that is convenient
for observing.

For this test, the leveling of the tran-
sit is critical, so level the instrument
as accurately as possible.

Make the vertical angle readings for
direct and reverse pointings to the

selected point. If these two vertical
angle readings are of the same value,
the collimation adjustment of the
horizontal crosshair is correct.

c. Adjustment.

(1)

(2)

(3)

When the two vertical angle readings
differ, adjust the position of the hori-
zontal crosshair. For this adjust-
ment, turn the crosshair retaining
ring screws on the top and bottom of
the telescope. Loosen one of these ad-
justing screws and tighten the other
one. Tightening the uppermost ad-
justing screw will cause the horizon-
tal crosshair to move down in the
telescope.

With the telescope in either the direct
or reverse position, set the vertical
circle to read the mean of the two
vertical angle values read in b(3)
above. Then, move the horizontal
crosshair ((1) above) to where it
bisects the selected point (b above).

If while adjusting the position of the
horizontal crosshair the crosshair
moves out of the center of the tele-
scope, the instrument should be turned
in for adjustment of the wvertical
vernier.

87. Adjustment of Height of Standards

a. Purpose.

The purpose of the height of

standards adjustment is to make the horizontal
axis of the telescope perpendicular to the verti-
cal axis of the spindle.

b. Test.

(1)

(2)

With the telescope in the direct posi-
tion, point at some well-defined, ele-
vated object, such as the point of a
church steeple. The image of the point
sighted on must be as narrow as the
width of the crosshairs. The vertical
angle to the point sighted on should
be at least 30°. Clamp both the upper
and lower motions.

Depress the telescope and set a stake
in the ground alined with the line of
sight. Place a mark on the stake
exactly where it is in the line of sight,
and label this mark A.
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(3) Rotate the alidade 180°, using the

(4)

(1)

(2)

lower motions; plunge the telescope;
and again point at the elevated point.

Depress the telescope. If the line of
sight is on mark A, the height of
standards adjustment is correct.

¢c. Adjustment.

If the line of sight does not fall
exactly on mark A, move the tele-

scope until the crosshairs are on point
A,

Elevate the telescope so that the hori-

(3)

(4)

zontal crosshair passes through the
elevated point.

Move the crosshairs halfway to the
elevated point by using the capstan
nuts on the movable standard. (An
adjusting pin is used to turn a capstan
nut.)

Move the crosshair to the elevated
point by using the lower motions. The
crosshairs should fall on point A when
the telescope is depressed. If it does
not, the test and adjustment must be
repeated.




CHAPTER 7

THEODOLITE, WILD T16

Section .

88. General

a. The Wild T16 theodolite (fig. 23) is used
to obtain angular values for artillery fifth-order
survey. Both horizontal and vertical angles
can be measured with the theodolite. The T16
theodolite is a compact, lightweight, dustproof,
optical-reading, direction-type instrument with
a repeater clamp for measuring horizontal
angles. The scales, graduated in mils, are read-
able directly to 0.2 mil and by estimation to
the nearest 0.1 mil, and may be illuminated by
sunlight or artificial light.

b. The T16 theodolite is issued with the fol-
lowing accessories: canvas accessory kit, com-
pass, eyepiece prisms, sun filters, sunshade, two
jewelers’ screwdrivers, two adjusting pins,
camel’s-hair brush, lubricant, plastic instru-
ment head cover, two operation and mainte-
nance service manuals, battery case with light-
ing devices and three spare bulbs, and universal
tripod with plumb bob, plug-in sleeve, and
tripod key in leather pouch attached to tripod.

¢. The carrying case for the T16 theodolite
consists of a base plate and a steel, dome-
shaped hood. When in the base, the instrument
rests on two supports by means of two bolts
and is fixed to the supports with two locking
devices. A desiccant is in the base of the con-
tainer. A wooden padded box is also furnished
for transporting the theodolite in its case.

d. The tribrach is that part of the theodolite
which contains the three leveling screws and
the circular level. The leveling screws are
completely enclosed and dustproof. The tri-
brach is, detachable. A locking device holds the
instrument and tribrach together.

e. The theodolite has a plate level and a ver-
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tical circle level (split bubble) in addition to
the circular level on the tribrach. The plate
level is located between the two standards of
the instrument. The vertical circle level is
completely built in, adjacent to the vertical
circle. A tangent screw is used to bring the
ends of this bubble into coincidence.

f. An optical plumb system is provided on
the theodolite for accurate centering over the
station. The system is located in the revolving
part (alidade) of the instrument.

¢g. The horizontal clamp and the horizontal
tangent screw for moving the theodolite in azi-
muth are located adjacent to each other on the
lower portion of the alidade. The vertical
clamp is located on the standard opposite the
vertical circle; the vertical tangent screw is on
the lower portion of the same standard. The
horizontal circle clamp, which fastens the hori-
zontal circle to the alidade, is located on the
front of the horizontal circle casting.

h. The 28-power telescope of the T16 theodo-
lite is reversible. The crosslines are focused by
turning the eyepiece; the image, by turning the
focusing ring. Two horizontal pull-action
screws are provided for correcting the collima-
tion error. Objects viewed through the tele-
scope are inverted.

1. An exterior tilting mirror illuminates
both the horizontal and vertical circles. The
horizontal circle is below the vertical circle,
as it is viewed through the reading microscope.

j. An electric illumination device is issued
with the T16 theodolite. In the lower housing
of the theodolite is a socket to receive a plug
from the battery case. A second socket in the
alidade is connected to the first by an internal
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sliding connection. In the second socket a plug-
in is placed, the other end of which has a lamp
to replace the mirror. When the current is
on, this lamp illuminates both circles, both
levels, and the telescope reticle. A rheostat is
provided on the battery case for adjusting the
amount of light. Crosslines illumination is
adjusted through the use of the illuminating
mirror for telescope diaphragm.

k. Standard equipment includes diagonal
eyepieces for both the telescope and the circle-
reading microscope. Sun filters are provided
for the telescope eyepiece,
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I. A circular compass is issued as an acces-
sory item for the T16 theodolite. It is mounted
in the yoke provided on the right standard. The
compass is used only to check azimuth roughly,
to orient the sketch in the field notes, or as a
means of assuming direction. To prevent
breakage of the cover glass, always place the
compass with the dial down in the pocket of
the accessory case.

m. The Wild universal tripod is issued with
the theodolite. This model has sliding legs. The
overall length of the closed tripod is 3 feet;
the extended length is 5.2 feet. A leather pouch
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attached to the tripod contains a plumb bob
with a plug-in sleeve and key for the tripod

legs.

89. Sefting up the Tripod

@. Upend the tripod and place the tripod
head on the toe of the shoe.

b. Loosen the restraining strap and secure
the strap around one tripod leg.

¢. Hold the tripod in the erect position and
test the adjustment of each tripod leg by ele-
vating it to about 90° and then releasing it. If
properly adjusted, the leg should fall to about
45° and stop. If not, the tripod leg should be
adjusted by tightening or loosening the bolt.

d. With one tripod leg pointed in the direc-
tion of observation, approximately center the
tripod and embed the tripod legs lightly into
the ground. The head of the tripod should be
about shirt pocket height,

e. Center the fixing screw in the head of the
tripod and insert the plumb bob. Center the
tripod over the station.

f. Check the tripod head for approximate
level by sighting against the horizon.

¢g. Firmly embed the tripod legs.

h. Remove the tripod head cover and secure
it to the tripod leg.

90. Removing the Theodolite from its Case

a. Loosen the strap on the case and unclamp
the latches simultaneously by exerting pressure
outward,

b. Lift the dome-shaped cover directly off the
instrument and set it to one side.

¢c. Place the fingers under the right and left
retaining clamps on the base of the case and
apply pressure until the instrument releases.

d. With the right hand, securely grasp the
right standard (the one with Wild inscribed
on it) and lift the theodolite off the base.

e. Place left hand under the theodolite and
fasten the instrument to the tripod, using the
fixing screw.

f. While the theodolite is in use, the dome-
shaped cover should be replaced on the base
of the case.

91. Plumbing the Theodolite
a. Carefully move the instrument around the

tripod until the point of the plumb bob is cen-
tered exactly over the station.

b. Tighten the instrument to the tripod head,
making sure that the plumb bob point stays
centered over the station.

¢. Use the optical plumb for final centering
of the theodolite over the station.

d. Do not attempt to use the plumb bob
when the wind is blowing. Use the optical
plumb.

92. Leveling the Theodolite

. Bring the circular level bubble to rough
center by turning the three leveling screws.

b. Loosen the horizontal clamp. Turn the
instrument until the plate level is parallel to
any two of the three leveling screws.

¢. Center the plate bubble by using these
screws, turning both in toward the center of
the instrument or turning both out from the
center. The bubble will follow the movement
of the left thumb.

d. Turn the instrument 1,600 mils. Place one
end of the plate level over the third leveling
screw. Using this leveling screw, bring the
bubble to center.

e. Return the instrument to the first posi-
tion; center the bubble if necessary.

f. Turn the instrument 3,200 mils. If the
bubble is in the center of the level vial, turn the
instrument 6,400 mils. The bubble should re-
main centered; if it does the instrument is
level.

g. Check the optical plumb to insure that
the instrument is still over the station. If not,
center over station and repeat the leveling
process,

h. If the bubble is not centered when turned
3,200 mils from the first position (f above),
the level vial is out of adjustment. To adjust,
move the bubble halfway back to the center of
the level vial, using the same leveling screws
used in the first position. Rotate the instru-
ment 1,600 mils. Move the bubble halfway back
to the center of the level vial, using the one
remaining leveling screw. The instrument is
now level, and the bubble will come to rest in
its vial at the same offcenter position for any
direction in which the instrument is pointed.
The level vial should be adjusted as soon as
time permits.
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93. lluminating the Circle

To illuminate the circle, open the illumina-
tion mirror and adjust the light so that both
the horizontal and vertical circles are uni-
formally illuminated when viewed through the
circle-reading microscope.

94. Focus To Eliminate Parallax

Parallax is eliminated by pointing the tele-
scope toward the sky or any other neutral back-
ground and turning the knob on the telescope
eyepiece until the crosslines are very sharp, fine
black lines. In doing this, the observer should
be very careful to focus his eye on the cross-
lines and not the sky. Next, point the instru-
ment toward a rod or other sharply defined
object and, still focusing the eye on the cross-
lines, bring the object into a sharp, clear
image by turning the focusing ring on the tele-
scope. Use the horizont~l tangent screw to
exactly center the vertical crossline on the
object. To check for elimination of all parallax,
move the eye horizontally back and forth across

Section |l.

96. Reading Horizontal and Vertical
Circles

When the circles are viewed through the
circle reading microscope (fig. 24), the vertical
circle (marked “V”) appears above the hori-
zontal circle (marked “Az”). Both circles are
graduated from 0 to 6,400 mils with a major
graduation each 10 mils. Unit mils and tenths
are viewed on an auxiliary scale graduated
each 0.2 mil from 0 to 10 mils. Circle readings
are estimated to the nearest 0.1 mil. The auxil-
iary scale is read at the index line which
appears superimposed over the auxiliary scale.

97. Setting the Horizontal Circle

All measurements with the theodolite should
be started from an initial reading on the hori-
zontal circle of 1.0 mil. For practical purposes
this precludes working with a mean of the
direct and reverse (D/R) pointings on a start-
ing station of less than 0 mil. To set this value
on the circle, release the repeater clamp (hori-
zontal clamp) and turn the instrument until
the major graduation 0 appears on the horizon-
tal circle. Clamp the repeater clamp and set
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the eyepiece. If the parallax has been elimi-
nated, the crossline will remain fixed on the
image. If some parallax still remains, the cross-
line will appear to jump back and forth hori-
zontally across the object. To correct any re-
maining parallax, the eyepiece should be
changed slightly to bring the crossline to a
sharper focus, and the telescope refocused
accordingly. This procedure should be repeated
until the test shows no remaining parallax.

95. Taking Down the Theodolite

To take down the theodolite—

a. Place the telescope straight up and tighten
the vertical clamping screw.

b. Turn each leveling screw to the same
height.

¢. Loosen the central fixing screw and clamp
the instrument in its carrying case.

d. Tighten the horizontal clamping screw.

e. Clamp the dome-shaped hood in place.

f. Replace the tripod head protector and
strap the tripod legs together.

USE OF THEODOLITE
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Figure 24. Scale images viewed through the circle-
reading microscope.
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Figure 25. Determining the horizontal angle between

stations A and B.

the index line directly over 1.0 mil on the aux-
iliary scale with the tangent screw. Engage the
repeater clamp by folding it downward. The
horizontal cirele is now attached to the turn-
ing part of the instrument; the reading of 1.0
mil remains on the circle regardless of the
direction in which the instrument is pointed.

98. Measuring Horizontal and Vertical
Angles

In artillery survey, the theodolite is used as
a direction instrument. The repeater clamp is
used only to set the horizontal circle with the

initial circle setting on the starting point (par.
97). The size of the horizontal angle is obtained
by determining the difference between the
mean pointing on one station and the mean
pointing on another station. The mean point-
ing is determined from the direct and reverse
circle readings on the same point (fig. 25).

a. Set 1.0 mil on the horizontal circle. With
the repeater clamp down and the horizontal
clamp loose, point the telescope in the direction
of station A by sighting first through the peep
sight and then through the telescope. When
approximately alined on the station, clamp the
horizontal clamp and refine the pointing with
the slow motion tangent screw. View the circle
again to insure that the reading is still 1.0 mil.
This establishes the direction of station A as
1.0 mil with respect to the horizontal circle.
Record in the field notes (fig. 26) the value of
the direct reading on station A. Release the
repeater clamp (up) ; this causes the circle to
detach itself from the moving part of the theo-
dolite. Release the horizontal clamp. Point the
telescope on station B as above, level the ver-
tical level bubble, and read and record the
circle values—horizontal circle reading is 229.3
mils; vertical circle reading is 1598.5 mils
(figs. 25 and 26).

b. Release the vertical motion clamp and
plunge the telescope. Release the horizontal

HPRI2OT AL JEATICAL | YERTICAL
STATION| T | X MILS | MEAN |\ FFADING | &
A D 2001,0
R 320/.0 200/, 0
T MV |@284) /4
V4 0 229.3 /15985 | +/ 5
R |2u29.4 229.4 | 480/.4 | /4

Figure 26.

Field notes for recording measurment of angle between stations A and B.
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clamp and sight again on station B, with the
telescope in the reverse position. Make point-
ings as above, level the vertical circle bubble,
read the circles and record the values. In figure
26, the values recorded are a horizontal read-
ing of 3429.4 and a vertical reading of 4801.4.
Observe station A with the telescope still re-
versed and read the horizontal circle and record
the value. The value recorded for the horizon-
tal circle reading is 3201.1 mils,

¢. The field notes now reflect a direct and a
reverse pointing at both station A and station
B. To determine the size of the angle between
A and B, the mean of the pointings on A must
be determined and compared with the mean
of the pointings on B. This is done by mentally
subtracting 3,200 mils from the reverse reading
(or adding 3,200 mils to it) and meaning the
direct reading with the reverse reading. The
results are entered in the field notes under the

appropriate column. The mean angle is the
difference between the mean pointings. In

figure 26, the mean pointing on station A is

0001.0; on station B, 229.4. Therefore, the
mean angle is 228.4 mils.

d. The vertical circles of the theodolite re-
flect readings of 0 mil at the zenith, 1,600 mils
horizontal direct, 8,200 mils straight down, and
4,800 mils horizontal reversed. Hence, the
values read from the vertical circles are not
vertical angles. The circle readings must be
converted to vertical angles (fig. 27).

e. In the field notes in figure 26, the direct
reading on station B resulted in a vertical read-
ing of 1598.5 mils or + 1.5 mils; and, with the
telescope reversed, the circle reading was
4801.4 mils or +1.4 mils. Hence, the mean
vertical angle from the instrument to station
B is +1.4 mils.

f. The telescope should be plunged to the
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direct position, after the reverse pointing on
the initial station. A direct pointing should be
made on the initial station with repeater clamp
released (up). Although not a part of this

Section lII.

99. Care of Theodolite

The T16 theodolite is a delicate instrument.
Care must be taken not to drop or bump it
against any object.” If the instrument gets wet,
remove outside moisture, and as soon as pos-
sible place instrument in a warm room or tent.
In moving the instrument from station to sta-
tion, a man on foot may carry the instrument,
mounted on its tripod, under one arm, with the
hand of the other arm under the tribrach of
the instrument. All motions should be clamped
with the telescope pointed upward. When the
theodolite is carried over rough terrain, the in-
strument should be transported in its carrying
case. When transported in a vehicle, the theo-
dolite should be in the dome-shaped carrying
case, and the case should be in the padded box.
For short distances, the carrying case may be
carried in an upright position on the lap of the
instrument operator,

100. Cleaning the Theodolite

The theodolite must be kept clean and dry.
During use, as necessary, and after use, the
instrument should be cleaned as follows:

- a. Painted surfaces should be wiped with a
clean cloth.

b. The exterior of the eyepieces and the ob-
jective lens of the telescope should first be
brushed with a camel’s-hair brush to remove
dust and then wiped with lens tissue to remove
moisture. Care must be taken not to scratch the
lenses or the coating on the lenses.

¢. The tripod should be kept clean, and mov-
ing parts should be oiled lightly.

101. Repair of Theodolite

Adjustment (except as explained in pars. 102
—107) and repair of the theodolite must be per-
formed by qualified instrument repair person-
nel. Artillery units should turn theodolites in
for necessary adjustment and repair to the
engineer unit which is responsible for provid-
ing maintenance service. TM 5-6675-200-15,

angle measurement, the instrument will be
approximately zeroed, and time will be saved
in setting the initial circle setting for the next
angle measurement.

CARE AND MAINTENANCE

Operator, Organizational, Field, and Depot
Maintenance Manual, outlines the echelons of
maintenance.

102. Adjustment of Theodolite

a. The theodolite must be kept in correct
adjustment if accurate results are to be ob-
tained. There are four tests and adjustments
of the theodolite that should be made period-
ically by the instrument operators. The adjust-
ments are performed in the sequence in which
they are discussed in paragraphs 103 through
107. When any test indicates that an adjust-
ment is necessary, this adjustment should be
made and tested for correctness before proceed-
ing with the next test.

b. The four tests and adjustments of the
theodolite are made while the instrument is
mounted on its tripod. For these tests and
adjustments, the instrument should be set up
in the shade, on firm ground, with the head of
the tripod as nearly level as possible. The theo-
dolite should be protected from the wind.

¢. An adjusted instrument will hold an ad-
justment for a long time, if handled properly.
However, excessive movement of the adjusting
screws will cause them to become worn, and
the instrument will not hold an adjustment.

103. Plate Level Adjustment

a. The purpose of the plate level adjustment
is to make the vertical axis of the theodolite
truly vertical when the bubble of the plate level
is centered.

b. To test the horizontal level, place the
horizontal level parallel to two of the three
leveling screws and center the bubble. Rotate
the instrument 1,600 mils and place one end
of the bubble over the third leveling screw.
Level the bubble using only the third leveling
screw. Return the instrument to the starting
position and carefully center the bubble. Rotate
the instrument 3,200 mils. Any discrepancy
noted in the position of the bubble is the appar-
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ent error, or twice the actual error, of the
horizontal level.

¢. To adjust the horizontal level, remove one-
half of the apparent error by turning the level-
ing screws. The remaining error (actual error)
is removed by turning the capstan adjusting
serew in the right support. The capstan screw
is 114 inches above the horizontal clamping
screw. The adjusting pin is used to move the
capstan adjusting screw.

104. Optical Plumb Adjustment

a. The purpose of the optical plumb adjust-
ment is to place the center of the rotating axis
of the instrument over the ground point.

b. To test the optical plumb, place a plumb
bob on the instrument and level carefully.
Establish a point on the ground under the
plumb bob. Remove the plumb bob. If the
image of the ground point is not under the
crossline (circle on older models), an adjust-
ment is required.

¢. To adjust the optical plumb, move the
crossline (circle) over the ground point by
turning the optical plumb adjusting screws.
Access to the adjusting screws is obtained by
removing the screws located 114 inches to the
right and left of the eyepiece of the optical
plumb. The adjusting screws are mounted at
angles of 120°. Each screw acts against a
counterspring located opposite the eyepiece. By
very small movements of the screws, the cross-
line (circle) can be centered over the ground
point. The last movement must be clockwise to
compress the counterspring. Check the adjust-
ment by rotating the instrument through 6,400
mils. If the crossline (circle) does not remain
over the ground point, repeat the adjustment.
After the adjustment has been completed, the
cover screws should be replaced.

105. Horizontal Collimation Adjustment

a. Purpose. The purpose of the horizontal
collimation adjustment is to make the line of
sight perpendicular to the horizontal axis of
the telescope.

b. Test. To test the horizontal collimation,
take a horizontal reading on a well-defined point
with the telescope in the direct position. Plunge
the telescope and, with the instrument in the
reverse position, take another reading on the
same point. These two readings should differ
by 3,200 mils. The instrument operator should
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repeat both readings to insure that he has not
made an error in reading the instrument. Any
discrepancy noted between the actual difference
in the two readings and 3,200 mils is the ap-
parent error or twice the collimation error. If
the discrepancy exceeds plus or minus 1 mil,
the crosshairs should be adjusted.

¢. Adjustment. The horizontal collimation
adjustment is made in the following manner.
Assume that the reading in the direct position
is 150.7 mils and the reading in the reverse
position is 3352.9 mils. Using the lateral tan-
gent screw, set the circle to the mean value of
the direct and reverse pointings (151.8). Ad-
just the telescope reticle to the target by turn-
ing the adjusting screw. The two adjusting
screws are arranged horizontally and opposite
each other and are the pull action type. If the
reticle must be moved to the right, the left
screw should be loosened slightly and the right
screw tightened slightly to hold fast. Repeat
the test to insure that the proper amount of ad-
justment has been made.

106. Vertical Collimation Adjustments

a. The purpose of the vertical collimation
adjustment is to make the line of sight hori-
zontal when the vertical circle reads 1,600 mils
with the telescope in the direct position and
4,800 mils with the telescope in the reverse
position.

b. To test the vertical collimation, take a
vertical reading on a well-defined point with the
telescope in the direct position and with the
collimation level bubble centered. Plunge the
telescope to the reverse position and take a
reverse vertical reading on the same point, with
the collimation level bubble centered. The col-
limation level bubble must be centered before,
and checked after, each vertical reading. The
sum of the direct and reverse readings should
equal 6,400 mils. Any discrepancy between the
sum of the two readings and 6,400 mils is the
apparent error and is twice the collimation level
error. If the discrepancy exceeds plus or minus
1 mil, the collimation level should be adjusted.

¢. To adjust the collimation level, place the
telescope in the direct position and sight on the
point. Compute the correct reading by applying
one-half of the index error of the vertical cir-
cle to the direct reading. If the sum of the two
readings was greater than 6,400 mils, subtract




one-half of the apparent error from the direct
reading; if the sum was less than 6,400 mils,
add one-half of the apparent error to the direct
reading. Place the correct reading on the in-
strument by using the vertical circle tangent
screw. With the correct reading on the instru-
ment, the collimation level bubble will not be
centered. The bubble must be brought into
coincidence by turning its adjusting screw. Ac-
cess to the adjusting screw is gained by remov-

ing the cover of the vertical circle level. Repeat
the test to insure that the proper amount of ad-
justment has been made to the collimation level.

107. Verticality of Vertical Crossline
Adjustment
The T16 theodolite is built so that the vertical
crossline remains vertical. Therefore, the ver-
ticality adjustment of vertical crossline is not
performed.
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CHAPTER 8

THEODOLITE, WILD T2, MIL-GRADUATED

Section .

108. General

a. The Wild T2 theodolite mil-graduated (fig.
28), is used to obtain angular values for artil-
lery fourth-order survey. Both horizontal and
vertical angles can be measured with the
theodolite. The theodolite is a direction type
instrument. The scales, graduated in mils, are
readable directly to 0.002 mil and by estima-
tion to the nearest 0.001 mil and may be
illuminated by sunlight or artificial light.

b. The T2 theodolite is issued with the follow-
ing accessories: canvas accessory kit, diagonal
eyepieces for the telescope and reading micro-
scope, sun filter, dustcap, jeweler’s screwdriver,
two adjusting pins, camel’s-hair brush, plastic
instrument head cover, instruction pamphlet,
battery case with lighting devices and three
spare bulbs, universal tripod, with plumb bob,
plug-in sleeve, and tripod key in leather pouch
attached to tripod. Some models of the theodo-
lite have the accessories in the base of the carry-
ing case.

¢. The carrying case for the T2 consists of a
base plate and a steel, dome-shaped hood. When
in the base, the instrument rests on three sup-
ports and is fixed to the supports with locking
devices. A wooden padded bax is also furnished
for transporting the theodolite while in its case.

d. The tribrach is that part of the theodolite
which contains the three leveling screws and
thé circular level. The leveling screws are en-
closed and dustproof. On models manufactured
subsequent to 1956, the tribrach is detachable.
A locking device holds the instrument and
tribrach together.

e. The theodolite has a plate level and a ver-
tical circle level (split bubble) in addition to
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the circular level on the tribrach. The plate
level is located between the two standards of the
instrument. The vertical circle level is built in,
adjacent to the vertical circle. A tangent screw
is used to bring the ends of this bubble into
coincidence.

f. An optical plumb system is provided on the
theodolite for accurate centering over the sta-
tion. The system is located in the tribrach of
the instrument.

g. The horizontal clamp (fast motion) and
the horizontal tangent screw (slow motion)
for moving the theodolite in azimuth are located
on opposite sides of the instrument on the lower
portion of the alidade. The clamping screw for
the vertical circle (fast motion) and the ver-
tical circle tangent screw (slow motion) for
moving the telescope vertically are located one
above the other on the standard which holds
the vertical circle. These tangent screws and
clamps are shown in figure 28.

h. The 28-power telescope of the T2 theodo-
lite can be reversed. The crosslines are focused
by turning the eyepiece; the image, by turning
the focusing ring. An object when viewed
through the telescope is inverted.

1. An exterior tilting mirror located on the
lower portion of the alidade illuminates the
horizontal circle. Another exterior tilting mir-
ror located on the standard which holds the
vertical circle illuminates the vertical circle.
The circle selector knob is inscribed with a
heavy line. When the line is horizontal, the
horizontal circle may be viewed through the
circle-reading eyepiece. When the line is ver-
tical, the vertical circle may be viewed. The




circle selector knob is located above the in-
scription “Wild.”

7. An electric illumination device is issued
with the T2 theodolite. In the lower housing of
the theodolite is a socket to receive a plug from
the battery case. The tilting mirrors are re-
placed with lamps in bulb holders. A rheostat
is provided on the battery case for adjusting
the amount of light. Crossline illumination is
adjusted through the use of the illuminating
mirror for telescope diaphragm.

k. Standard equipment includes diagonal eye-
pieces for both the telescope and the circle-
reading microscope. A sun filter is provided for
the telescope eyepiece for viewing the sun.

I. The Wild universal tripod issued with the
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Figure 28.

theodolite has sliding legs. The overall length
of the closed tripod is 3 feet; the extended
length is 5.2 feet. A leather pouch attached to
the tripod contains a plumb bob with a plug-in
sleeve and wrench for the tripod legs. The head
of the tripod is covered with a screw-on pro-
tector cap.

109. Setting up the Tripod

The tripod used with the T2 theodolite is the
same as that used with the T16 theodolite.
Therefore, the same procedure may be used for
setting up the tripod (par. 89).

110. Removing the Theodolite from its
Case

The T2 theodolite is removed from its case in
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The Wild T2 theodolite.
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the same manner as the T16 theodolite (par.
90), except that it is fastened to the base by
three supports with locking devices.

111. Plumbing the Theodolite

The T2 theodolite is plumbed over a station
in the same manner as the T16 theodolite (par.
91).

112. Leveling the Theodolite

The T2 theodolite is leveled in the same man-
ner as the T16 theodolite (par. 92).

Section Il.

115. Circle Readings

a. A system of lenses and prisms permits the
observer to see small sections of diametrically
opposite sides of either the horizontal circle or
the vertical circle (fig. 29). The circles are
viewed through the circle-reading microscope,
the eyepiece of which is alongside the telescope
eyepiece. The circle to be viewed is selected by
turning the circle selector knob on the right
standard. The field of view of the circle-read-
ing microscope appears to contain two small
windows (fig. 30). The upper window con-
tains images of two diametrically opposite por-
tions of a circle (horizontal or vertical). One
of the images.of the circle is inverted and ap-
pears above the other image. The lower window
contains an image of the portion of the microm-
eter scale.

b. The coincidence knob on the side of the
right standard is used to obtain readings for
either of the circles in conjunction with the
micrometer scale. Optical coincidence is ob-
tained between diametrically opposite gradua-
tions of the circle by turning the coincidence
knob. When this knob is turned, the images of
the opposite sides of the circle move in opposite
directions across the upper window in the cir-
cle-reading microscope. The image of the
micrometer scale in the lower window also
moves. The graduations on the circle (main
scale) are brought into coincidence so that they
appear to form continuous lines. The center
of the field of view is marked by a vertical line.
This vertical line is not used in reading the
circle.

¢. The main scale (upper window) is gradu-
ated in two-mil increments. Each fifth gradua-
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113. Adjustment to Eliminate Parallax

The telescope of the T2 theodolite is similar
to the telescope of the T16 theodolite, and the
adjustment to eliminate parallax is accom-
plished in the same manner (par. 94).

114. Taking Down the Theodolite

The T2 theodolite is taken down and placed
in its carrying case in the same manner as the
T16 theodolite (par. 95). All fast motions are
clamped and the dustcap is returned to the
objective end of the telescope.

USE OF THEODOLITE

tion is numbered. The unit digit is omitted, i.e.,
10 mils appear as 1; 250 mils as 25; 3510 mils
as 351.

d. The micrometer scale (lower window) is
graduated from 0.000 mil to 1.000 mil. Each
0.002 mil is marked with a graduation, and each
fifth graduation is numbered (hundredth of a
mil). The scale may be read to 0.001 mil by
interpolation.

116. Horizontal Circle Readings

To determine a reading on the horizontal
circle—

a. Rotate the circle selector knob until the
black line on the face of the knob is horizontal.

b. Adjust the illuminating mirror so that
both windows in the circle-reading microscope
are uniformly lighted.

¢. Focus the microscope eyepiece.

d. Observe the images in the microscope.
Bring the circle graduations into coincidence at
the center of the upper window, using the
coincidence knob.

e. Read the circles.

117. Steps in Circle Reading

The steps in reading the circles are (fig. 30):

a. Determine the first erect numbered grad-
uation to the left of the vertical line that
marks the center of the upper window. The
number which labels this line indicates the
number of tens of mils. In figure 30, this
number is 207.

b. Locate the inverted graduations which
differs from 207 by 820, this number is 527
(viewed )z¢). The inverted number will always
be to the right of the vertical line which marks




the center of the field of view. Both values will
always end in the same number, in this case
number 7.

c. Starting from 207, count the number of
graduations to the inverted 527. There are six
graduations, representing 6 mils. Each gradu-
ation represents 1 mil.

d. Convert 207, which is tens of mils, to
2,070 mils (2,07046=2,076 mils, the angular
value obtained from the main scale).

e. The vertical line which marks the center
of the field of view indicates the value to be read
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on the micrometer scale (lower window). In
figure 30, this value is 0.254 mil.

f. Add the angular values determined in d
and e above; 2,076 4+ 0.254 =2,076.254 mils, the
angular value.

118. Vertical Circle Readings

The circle selector knob is rotated until the
black line on the face of the knob is vertical.
The vertical circle may now be viewed in the
microscope eyepiece. A reading on the vertical
circle is determined in the same manner as a
reading on the horizontal circle.
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b
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L

Circle-reading optical system of the Wild T2, theodolite.
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Figure 30. Scale images viewed through the circle-
reading microscope, mil-graduated T2 theodolite.

119. Setting the Horizontal Circle

There are two cases when it is necessary to
set the horizontal circle.

a. In the first case, the circle is set to read a
given value with the telescope pointed at a
target. The initial circle setting 0.150 (=0.100
mils) is used as an example.

(1) Point the instrument at the target.

(2) With the coincidence knob, place 0.150

. mil on the micrometer scale.

(3) With the circle setting knob, attempt
to zero the main scale, insuring that
the numbered lines which are 3,200
mils apart are touching each other.

(4) With the coincidence knob, bring the
main scale graduations into a more
perfect coincidence.

(5) Read the horizontal circle. It should
read 0.150 (==0.100 mil). With ex-
treme care, which is time-consuming,
a circle may be set to an accuracy of
0.010 mil.

b. In the second case, it is desired to lay the
instrument on a line of known direction from
a reference direction.

(1) Point the instrument on the line for
which the reference direction is pro-
vided and read the circle.

(2) Add the angular difference between
the reference direction and the desired
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direction to the circle reading. The
resultant reading represents the read-
ing for the instrument when it is
pointed in the desired direction.

(3) Set on the micrometer scale, to the
thousandth of a mil, the reading to be
set on the circle to place the instru-
ment on the desired direction.

(4) Turn the instrument with the azimuth
clamp and tangent screw and obtain
coincidence on the main scale at the
mil values corresponding to the read-
ing obtained in step (2) above. When
coincidence is obtained, the instru-
ment is pointing in the desired direc-
tion.

120. Measuring Horizontal Angles
a. The T2 theodolite is a direction instru-

ment. The procedures in measuring horizontal
angles are (figs. 31 and 32):

(1) With the telescope in the direct posi-
tion, point to station A and record the
initial circle setting (0.166 mil).

(2) With the telescope in the direct posi-
tion, point to station B and record the
circle reading (1215.475 mils).

(3) Reverse the telescope and point to sta-
tion B and record the circle reading
(4415.503 mils).

(4) With the telescope in reverse position,
point to station A and record the cir-
cle reading (3200.200 mils).

(5) Subtract 3,200 mils from the reverse
pointing on station A and mean the

A %unmm_ OR REAR STATION) 8

(FORWARD
STATION)

INSTRUMENT

Figure 81. Determining the horizontal angle between
stations A and B.




HORIZONTAL JERTICAL [VERIICAL
HIION 7 X MULS MAN | #eso/v6 | 5 ML S
A D o000 1b& '
A 3200,200 owo./83

5T

MY 2/5,30&)

(728.424)

B ]275.475

/57/.384 | +28. o/t

D
A YU/5.503

[215. 489\ 4828.£3]|+28. £3/

Figure 32. Field motes for recording measurements of angle, one position with the mil-graduated
T2 theodolite.

remainder with the direct point on
station A (0.183 mil).

(6) Subtract 3,200 mils from the reverse
pointing on station B and mean the
remainder with the direct pointing on
station B (1215.489 mils).

(7) Subtract the mean pointing on station
A ((5) above) from the mean pointing
on station B ((6) above) (1215.489—
0.183=1215.306 mils). The difference
is the Hhorizontal angle between sta-
tions A and B (1215.306 mils).

Note. Procedures (1) through (7) consist
of one direct and one reverse pointing on
each station and are referred to as one
position.

b. When it is necessary to measure the angle
to more than one station, a pointing is made on
the initial station with the telescope in the
direct position and then on each station around
the horizon in a clockwise direction. After a
reading is obtained on the last clockwise sta-
tion with the telescope direct, the telescope is
reversed and a pointing is made on each station
in a counterclockwise direction, ending with the
initial station. One set of direct and reverse |
pointings on all of the observed stations consti-
tutes one position.

¢. For each position there is a direct and a
reverse pointing on each observed station. The
direct pointing and the reverse pointing on each
station should differ by 3,200 mils plus or minus

the amount of horizontal spread (twice the
error in horizontal collimation) in the instru-
ment. No value can be specified as the maximum
allowable spread for an instrument; however,
it should be small (0.150 mil or less) for con-
venience in meaning the pointings. The amount
of spread should be constant; otherwise, there
are errors in the pointing.

d. In artillery survey, one position is taken
in traverse and two positions are taken in
triangulation. If the primary requirement of
the traverse is an accurate direction (FA mis-
sile battalion), then two positions are taken.

e. The initial circle settings should be as
follows: first position, 0.150 (=0.100) mils;
second position, 4800.150 (=0.100) mils.

f. When it is necessary, as in triangulation,
to measure two positions, the second position
is measured in the same manner as the first
position, except that the second position is
started with the telescope in the reverse posi-,

" tion, pointing on the initial station.

g. To determine the angle between two ob-
served stations, the mean horizontal circle
reading to each station is determined; and then
the difference between the mean circle readings
is determined. When two positions are taken,
the value of the angle determined from the first
position is meaned with the value of the angle
determined from the second position. Figure
33 is an example of the method of recording
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horizontal circle readings and determining
horizontal angles between three stations, with
two positions observed.

h. When two positions are used, if the two
observed values for any angle differ by more
than 0.050 mil, these observed values should
be rejected.

1. If the observed value (s) are rejected, the
angle(s) will be reobserved using approxi-
mately the same initial circle setting which was
used to obtain the rejected value(s).

121. Measuring Vertical Angles

a. Vertical angles cannot be measured direct-
ly with the theodolite. Instead, the vertical
angle to an observed station is computed from
a vertical circle reading to the station. When
the collimation level bubble is centered, verti-
cal circle readings are measured from a line
which is, in effect, an upward extension of the
plumb line of the theodolite (fig. 34). One
determination of the vertical angle is com-
puted from the veértical circle reading with the
telescope of the instrument pointed at the sta-
tion in the direct position. With the telescope
direct, the vertical angle is equal to 1,600 mils
minus (—) the vertical circle reading. A sec-
ond determination of the vertical angle is com-
puted from the vertical-circle reading with the
telescope pointed at the station in the reverse
position. With the telescope reversed, the verti-

Section Ill.

122. Care of Theodolite

The T2 theodolite is a delicate instrument.
Care must be taken not to drop or bump it
against any object. If the instrument gets wet,
remove all outside moisture and as soon as pos-
sible place the instrument in a warm, dry room
or tent. When the instrument is moved from
station to station, a man on foot may carry
the instrument, mounted on its tripod, under
one arm, with the hand of the other arm under
the tribrach of the instrument. All motions
should be clamped with the telescope pointed
upward. When the theodolite is carried over
rough terrain, the instrument should be trans-
ported in its carrying case. When transported
in a vehicle, the theodolite should be carried in
the dome-shaped carrying case, and the case

cal angle is equal to the vertical circle reading
minus (—) 4,800 mils. The two determinations
of the vertical angle then are meaned to obtain
the vertical angle to the observed station (fig.
33).

b. For reading the vertical circle in conjunc-
tion with readings of the horizontal circle, the
first (direct) vertical circle reading is taken
immediately after taking the direct horizontal
circle reading. The second (reverse) vertical
circle reading is taken before taking the re-
verse horizontal circle reading. After the cross-
lines have been placed on the station, the tele-
scope is elevated (or depressed) until the
horizontal crossline is exactly on the point to
which the vertical angle is desired. The vertical
angle generally is read to the height of instru-
ment (HI).

¢. For reading the vertical circle, after sight-
ing on the observed station, the bubble of the
collimation level (split bubble) is brought to
the center of its vial. This is accomplished by
rotating the collimation level tangent screw
until the images of the ends of the bubble coin-
cide. The vertical circle reading then is read in
the circle-reading microscope. The vertical
scales are read in the same manner that the
horizontal scales are read. Figure 33 is an
example of the method of recording vertical
circle readings and determining the vertical
angles,

CARE AND MAINTENANCE

should be in the padded box. For short dis-
tances, the carrying case may be carried in an
upright position on the instrument operator’s
lap.

123. Cleaning the Theodolite

The theodolite must be kept clean and dry.
During use, as necessary, and after use, the
instrument should be cleaned as follows:

a. Painted surfaces should be wiped with a
clean cloth,

b. The exterior of the eyepieces and the ob-
jective lens of the telescope first should be
brushed with a camel’s-hair brush to remove
dust and then wiped with lens tissue to remove
moisture. Care must be taken not to scratch
the lenses or the coating on the lenses.
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Figure 34. Relation of vertical cirele readings and vertical angles.

¢. The tripod should be kept élean, and
moving parts should be oiled lightly.

124. Repair of Theodolite

Adjustment (except as explained in pars.
125-1381) and repair of the theodolite must be
performed by qualified instrument repair per-
sonnel. Artillery units should turn theodolites
in for necessary adjustment and repair to the
engineer unit which is responsible for provid-
ing maintenance service.

62

125. Adjustment of Theodolite

a. The theodolite must be kept in correct ad-
justment if accurate results are to be obtained.
There are five tests and adjustments of the
theodolite that should be made periodically, in
the sequence in which they are discussed in
paragraphs 126 through 130. When any test
indicates that an adjustment is necessary, this
adjustment should be made and tested for
correctness before proceeding with the next
test.




b. The five tests and adjustments of the theo-
dolite are made while the instrument is mount-
ed on its tripod and leveled accurately. For
these tests and adjustments, the instrument
should be set up in the shade, on firm ground,
with the head of the tripod as nearly level as
possible. The theodolite should also be pro-
tected from the wind.

126. Plate Level Adjustment

a. Purpose. The purpose of the plate level
adjustment is to make the vertical axis of the
theodolite truly vertical when the bubble of the
plate level is centered in its vial.

b. Test.

(1) Turn the instrument until the plate
level is parallel to the line through two
leveling screws. With these two level-
ing screws, center the bubble of the
plate level.

(2) Turn the instrument through 1,600
mils and center the plate level bubble
by turning the third leveling screw.

(3) Repeat (1) and (2) above, until the
bubble will come to rest centered in
its vial in both of these positions.

(4) Turn the instrument through 3,200
mils from its position in (1) above.
If the plate level is correctly adjusted,
the bubble will come to rest at the
center of its vial with the instrument
in this position.

¢. Adjustment.

(1) If the plate level bubble comes to rest
off center ‘in b(4) above, move the
bubble halfway back toward center by
turning the leveling screws.

(2) With the capstan head adjusting screw
below the collimation level illumina-
tor, bring the bubble of the plate level
to the center of its vial.

(3) Repeat the test (b zbove) and make
any additional adjustment of the plate
level that is required.

d. Frequency of Test and Adjustment. The
adjustment of the plate level should be tested
every time the theodolite is set up for use.

127. Optical Plummet Adjustment

a. Purpose. The purpose of the optical plum-
met adjustment is to make the vertical axis of

the theodolite pass through the station marker
when the theodolite is properly leveled and
when the station marker is centered in the
reticle circle (crossline) of the optical plummet.

b. Test.

(1) Suspend the plumb bob from the
leveled instrument and mark a point
on the ground exactly under the point
of the plumb bob. Remove the plumb
bob from the instrument.

(2) Check the leveling of the instrument,
and then look into the eyepiece of the
optical plummet. If this plummet is
correctly adjusted, the mark on the
ground ((1) above) will be centered
in the reticle circle of the plummet.

¢. Adjustment. If the station point is not
centered in the optical plumbing assembly reti-
cle, bring it to center by means of three ad-
justing screws located near the optical plummet
eyepiece. With an adjusting pin, loosen the
retaining nut and raise or lower the reticle by
moving the adjusting screw. Adjust either of
the side adjusting screws. Moving the screw,
with the retaining nut loosened, raises or lowers
the reticle crosslines or circle in the same direc-
tion the screw travels. The two side adjusting
screws move the crosslines or circle in the op-
posite direction from their travel. When the
crossline or circle is centered over the station
point, lock the lower adjusting screw by tighten-
ing the retaining nut.

128. Verticality of Vertical Crosshair
Adjustment

a. Purpose. The purpose of the verticality
adjustment is to make the vertical crosshair
lie in a plane that is perpendicular to the hori-
zontal axis of the instrument.

b. Test.

(1) Select a well-defined distant point as
near the same horizontal plane as the
instrument as possible.

(2) Center the vertical crossline of the
telescope on the selected point. With
the vertical tangent screw, elevate and
depress the telescope. If the vertical
crossline continuously bisects the
point, the adjustment is correct.

63



¢. Adjustment. If the vertical crossline does
not continuously bisect the sighted point, rotate
the telescope reticle to a point where the cross-
line will bisect the point throughout the eleva-
tion and depression of the telescope. The cross-
line ring may be rotated by turning the slant
screws located between the focusing ring and
eyepiece in opposite directions.

129. Horizontal Collimation Adjustment

@. Purpose. The purpose of the horizontal
collimation adjustment is to make the line of
sight perpendicular to the horizontal axis of
the telescope.

b. Test.
(1) Select a well-defined distant point.

(2) Center the vertical crossline on the
selected point.

(8) Read the horizontal circle with the
telescope in the direct position and
then with the telescope in the reverse
position. Determine the difference
(spread) between the direct pointing
and reverse pointing. This is done as
follows:

0000.200 mil (direct reading)

3200.800 mils (reverse reading)

3200.600

3200.000

0000.600 mil (spread between direct and
reverse pointings)
Note, The instrument should be adjusted
if the spread is more than 0.150 mil.

c. Adjustment.

(1) The horizontal circle reading (direct
position) was 0.200 mil while pointed
on the selected point. The spread is
0.600 mil. Add one-half the spread
to the direct reading (0.200+40.300=
0.500).

(2) With the coincidence knob, set 0.500
mil on the micrometer scale. This is
the mean direct and reverse pointing.

(3) Bring the main scale graduation lines
into coincidence, using the horizontal
circle tangent screw (slow motion).

(4) Place the vertical crossline on the
selected point by sliding the crossline
diaphragm. To slide the diaphragm,
loosen (tighten) the two screws in
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slant position on the right side of the
telescope the same amount, while at
the same time tighten (loosen) the
single screw on the left.

(5) Repeat the test and adjustment proce-
dure until the spread between direct
and reverse pointings is less than
0.050 mil.

130. Vertical Collimation Adjustment

a. Purpose. The purpose of the vertical col-
limation adjustment is to make the line of sight
horizontal when the vertical circle reading is
1,600 mils in the direct position or 4,800 mils
in the reverse position.

b. Test. Select a well-defined distant point.
Make a direct and a reverse circle reading.
Determine the sum of the vertical circle read-
ings. The sum will be 6,400 mils plus or minus
(=) the vertical circle spread. This is done as
follows:

1243.400 mils (direct reading)
5156.100 mils (reverse reading)

6399.500
6400.000

0000.500 mil (vertical circle spread)

Note. The instrument should be adjusted
if the spread is more than 0.150 mil.

c. Adjustment.

(1) The vertical circle reading (direct
position) is 1243.40 mils. The spread
is 0.500 mil and must be applied to
the direct reading with the appropri-
ate sign. Subtract one-half the spread
from the direct reading (1243.400—
0.250=1243.150).

(2) Place the telescope in direct position
on the distant point. With the coin-
cidence knob, set 0.150 on the microm-
eter scale.

(3) With the collimation level (split bub-
ble) tangent screw, bring the main
scale graduation lines into coincidence.
The telescope is now pointed at the
distant point with the mean direct
and reverse reading on the vertical
cirele (1243.250).

(4) Aline the images of the ends of the col-
limation level bubble (split bubble),




using the two level adjusting screws.
These screws are located immediately
under the collimation level. Both
screws should be rotated the same
amount in opposite directions.

(5) Repeat the test and adjustment proce-

dure until the vertical circle spread is
less than 0.050 mil.

131. Maintenance

For maintenance responsibilities, see TM
5-6675-213-12, Operator’s and Organizational
Maintenance Manual.

Section IV. SEXAGESIMAL THEODOLITE WILD T2

132. General

a. The T2 theodolite, mil-graduated, is the
authorized instrument for obtaining angular
values for artillery fourth-order survey. How-
ever, until the mil-graduated T2 theodolite is
available, the sexagesimal T2 theodolite will be
used in artillery fourth-order survey.

b. The mil-graduated theodolite and the
sexagesimal theodolite are identical except for
the graduations of the horizontal and vertical
circles. This section will deal with the differ-
ences in the circles. Both instruments are
operated in the same manner.

133. Reading Circles

The circle is viewed through the circle-read-
ing microscope (fig. 356). The upper window is
the main scale, the graduations are spaced at
20-minute intervals, and every third graduation

Figure 35. Scale images viewed in circle-reading micro-
scope of sexagesimal T2 theodolite.

is numbered to indicate a degree. The lower
window is the micrometer scale and is gradu-
ated in minutes and seconds from 0 second to
10 minutes. The scale may be read to 1 second.

134. Steps in Reading Circles

The steps in reading the circles are as follows
(fig. 35):

a. Determine the first erect numbered grad-
uation to the left of the vertical line that marks
the center of the upper window. The number
which labels this line indicates the number of
degrees. In figure 35 this number is 285°.

b. Locate the inverted graduation which dif-
fers from 285° by 180°, this number is 105°
(viewed ¢01). The inverted number will always
be to the right of the vertical line which marks
the center of the field of view. Both values will
always end in the same number, in this case
number 5.

¢. Starting from 285, count the number of
spaces between the graduations determined in
a and b above. Each space represents 10
minutes in the reading. In figure 35, there are
five spaces, representing 50 minutes.

d. The angular value obtained from the main
scale (upper window) is 285°50” (285° + 50’ =
285°50").

e. The vertical line which marks the center
of the field of view indicates the value to be
read on the micrometer scale (lower window).
In figure 35, this value is 1'54”.

f. Add the angular values determined in d
and e above (285°50’ + 1'564” = 285°51'54",
the angular value).

Note. The horizontal and vertical circles are read in

the same manner.
135. Setting the Horizontal Circle

The procedures for setting the horizontal cir-
cle of the sexagesimal theodolite are identical
to those for the mil-graduated T2 theodolite.
However, the initial circle setting when measur-
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i:ng angles should be 0°00'30” == 20”. When
measuring two positions, the initial circle set-
ting for the second position is 270°00'30" =
20”.

136. Measuring Horizontal and Vertical
Angles
The procedures for measuring horizontal and
vertical angles are identical to those for the
mil-graduated T2 theodolite. When measuring
two positions, the mean angle of the first posi-

tion should not differ from the mean angle of
the second position by more than 107; if it
does, the angle must be remeasured. (See fig.
36 for sample of recording and measuring
angles with the sexagesimal T2 theodolite.)

137. Adjusting the Theodolite

The adjustments on the sexagesimal T2
theodolite are performed in the same manner
as the adjustments on the mil-graduated T2
theodolite (pars. 102-107).
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Figure 36. Field notes for recording measurements of two angles,

two positions with the sexagesimal T2 theodolite.
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CHAPTER 9

TELLUROMETER MRA 1/CW/MV

Section .

138. General

The tellurometer is an electronic distance-
measuring device which appears as an item of
issue in tables of organization and equipment
of artillery units required to perform fourth-
order survey (fig. 37). The tellurometer system
consists basically of one master and two remote
units. The major components for both the
master and remote units are described in para-
graph 139. Additional items used to complete
a tellurometer measurement include the alti-
meter, tellurometer field record and computa-
tions form, and logarithmic tables. Distance is
determined by measuring the loop transit time
of radio microwaves from the master unit to
the remote unit and converting one-half of this
loop transit time to distance. Although optical
line-of-sight is not required, electrical line-of-
sight between the instruments is required. The
minimum range capability of the equipment is
152 meters and the maximum range capability
is 64,000 meters (40 miles) under ideal condi-
tions. Approximately forty-five minutes is re-
quired to measure and compute a distance re-
gardless of the length of the measurement. A
distance can be measured during daylight or
darkness and through fog, dust, or rain.

139. Description of Components

a. The master and remote units are similar
in appearance (figs. 38, 39, and 40) but neither
master nor remote unit can be operated in a
dual role due to its internal characteristics. The
units have the same external dimensions (19 x
19 x 17 inches) and weigh 27 pounds. Both
have parabolic reflectors which are shown in
the operating position in figure 40. The reflec-

GENERAL

tors have a mirror surface which radiates the
received signal to the dipole. The dipoles con-
tain the transmitting and receiving antennas.
Both units have identical built-in aerial and

Tellurometer station with operating

Figure 37.
equipment and carrying case.
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communication systems. The luggage-type
handle (fig. 40) permits the instrument to be
carried when it is not in its case. The hinged
door in the lower left hand corner of the con-
trol panel (figs. 38 and 39) opens into a com-
partment in which the radiotelephone handset
is stored. A cathode ray tube (CRT) visor (fig.
37) is mounted over the CRT scope to shut out
light and make scope presentations more clearly
visible.

b. The carrying case (fig. 37) is a light-
weight metal alloy, top-opening container. The

CRT light

Gathoderay-
tube (CRT)
graduated

Panet light

Handset
compartment

lid is provided with a sponge rubber seal for
protection against moisture. A luggage-type
handle is provided on the top of the lid for
transporting short distances. Provision is made
on the back of the case for securing the carry-
ing straps for backpacking. Compartments are
provided in the centainer for spare parts, tube
visor, and rain cover. The carrying case meas-
ures 23 by 12 by 19 inches and weighs approxi-
mately 18 pounds.

¢. The tripod issued with the tellurometer
is the Wild universal tripod, and it is inter-

Pattern
selector

Meter
switch

Figure 88. Control panel, master unit.
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changeable with the tripod used with the T16
and T2 theodolites.

d. Three different power sources may be used
with the tellurometer. A 12-volt, 40-ampere
hour battery or a 24-volt, 20-ampere hour bat-
tery may be cabled directly to a built-in power
pack (figs. 38 and 39). In addition, a 115-volt,
60-cycle or 230-volt, 50-cycle power supply can
be utilized through the use of a mains converter
(external power pack). A fully charged battery
will permit 4 to 6 hours of continuous opera-

Cotﬁode ray
tube (CRT) |

Panel

light

Hondset
compartment

tion. An 18-foot cable is provided to permit the
built-in power pack to be connected to the bat-
tery in a vehicle for 24-volt operation.

e. The spare parts kit consists of a small
metal box containing tubes, regulators, lamps,
and fuzes. A list of these spare parts is pro-
vided in the metal container.

f. Additional accessories include a harness
(back straps) and pack, tube visor, plastic rain
cover, metal screwdriver, nonmetallic screw-

E Meter
l switch

Figure 39. Control panel, remote unit.
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driver, two power supply cables, mains con-
verter, Handbook—Operation and Mainte-
nance, and Preliminary Maintenance Support
Manual.

g. A surveying altimeter, issued as a separate
TOE line item, should be available with each
master or remote unit for the determination

Circle amplitude
Press pulse

of difference in height when it is not possible to
measure the vertical angle between master and
remote units with an optical instrument. The
vertical angle or difference in height is neces-
sary to convert the slope distance measured
with the tellurometer to horizontal distance.

Shape

PERER Ay e
TURWED 7
BET Gy wWeisg.
THIS PRt

Y amplitude
Pulse amplitude

Dipole —8M8 - |

Y shift
X shift

Figure 40. Side views of master and remote units.

Section |l.

140. General

a. To perform a distance measurement with
the tellurometer system, one master unit and
one remote unit must occupy opposite ends of
the line to be measured. A continuous radio
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wave of 10-centimeter (¢cm.) wavelength (3000
megacycles) is radiated from the master unit.
This radio wave is modulated by what may be
referred to as pattern frequency. The modulated
wave is received at the remote unit and, in
effect, reradiated from the transmitted system




of the remote unit back to the aerial system of
the master unit.

b. At the master unit, the return wave is
compared with the transmitted wave, and the
phase comparison or difference in the two
waves is indicated on the circular sweep of the
master unit cathode ray tube (CRT) in the
form -of a small break which marks the phase
on a circular scale (fig. 41). The CRT graticule
is divided into 10 major and 100 minor gradua-
tions. The leading edge of the break in the
circular sweep is read clockwise to the smallest
minor graduation.

¢. In effect, the transit time required by the
wave to travel from the master unit to the
remote unit and back is determined. The transit
time is determined from a series of readings on
the master cathode ray tube.

50
20 = Pattern Reading

Figure 41. Cathode ray tube pattern reading.

141. Carrier Wave Modulating Frequencies

a. The continuous carrier wave of approxi-
mately 2,800 to 3,200 megacycles is emitted at
the antenna. This wave is modulated by a series
of pattern frequencies as follows:

Frequency
Pattern master (mes) Rewmote (mcs)
A 10,000 9.999
B 9.990 9.989
C 9.900 9.899
D 9.000 8.999
A- None 10.001

b. All of the frequencies are provided from
quartz crystals, the A crystal being accurately
set by reference to some standard, such as the
10 megacycles per second (mcs) signal radiated
by the Bureau of Standards in Washington. The
B, C, and D crystal may drift from specific
frequencies to some degree, but, since they in-
dicate only coarse increments of a measurement
as will be shown later, this drift is not critical.

142. Phase Comparison

a. Phase comparison is the determination of
the difference between the phase of one wave
and the phase of another at the same instant.
With the tellurometer, it is the difference be-
tween the phase of the transmitted wave and
the phase of the wave returned to the master
unit.

b. With a pattern frequency of 10 mecs, a
complete rotation of the phase indication on the
graduated scale represents a change of 100
millimicroseconds in the transit time of the
wave from master unit to remote unit and
back. ‘The graticule of the CRT has 100 divi-
sions representing 100 millimicroseconds.
Each minor division represents 1 millimicro-
second and, since radio waves travel at the
speed of light (186,310 miles per second), is
equivalent to approximately 6 inches. A com-
plete rotation of phase is equal to approxi-
mately 15 meters. The 10 mecs pattern or
A pattern phase indicates the final two
figures of the transit time in millimicroseconds
or the final 15 meters of the entire measure-
ment. Since the number of rotations of the A
pattern phase cannot be determined, the B, C,
and D patterns are introduced to increase the
wavelength. The differences between the A
pattern reading and the B, C, and D pattern
readings, respectively, give phase readings
relative to the difference frequency of the
modulations, and coarse patterns are derived
to determine relative portions of the distance
as follows:

A minus D—1000 kes pattern—150 meters
A minus C—100 kcs pattern—1,500 meters
A minus B—10 kes pattern—15,000 meters

¢. Based on the A minus B pattern difference,
the maximum distance which could be measured
is 15,000 meters. An additional pattern fre-
quency would furnish an increment (150,000
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meters) greater than the range of the instru-
ment. This is not considered necessary since
the distance could be determined within 15,000
meters (10 miles) by map inspection and there-
by derive the first digit of the transit time. The
table below may be used to determine numerical
prefixes to the tellurometer transit time:

Approximate length of line

Numerical
Meters Miles prefix
0-15,000 0-10 0
15,000-30,000 10-20 1
30,000—45,000 2030 2
45,000-60,000 3040 3

143. Coarse Readings

Coarse readings are obtained during the
measurement by reading the graticule on the
master cathode ray tube on the A, B, C, and D
pattern frequencies. The resolution of the pat-
tern differences to a transit time is discussed
in paragraph 155.

Section 1.

145. Selection of Stations

Electrical line-of-sight is required between
the master station and the remote station. In
general, it must be nearly optical line-of-sight
in that objects, such as hills or mountains,
should not block the line-of-sight. However, in
some cases a ridge may project as much as 50
feet above the line-of-sight, and a measurement
may be made. In artillery survey, the main
use of the tellurometer will be to measure
distance on a traverse, in which case, angles
will ' be measured with a theodolite. The theodo-
lite will require optical line-of-sight. It would
appear that the best site for a tellurometer
station is on top of a high peak; however, the
following should be taken into consideration,
primarily due to effects caused by the reflection
of microwaves.

a. The ground between the two stations
should be broken, and preferably covered with
trees and vegetation to absorb the ground
" waves and prevent them from interfering with
the direct signal.

b. When possible, the ground should slope
gradually away from each instrument.

¢. If possible, avoid measuring lines over
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144. Fine Readings

a. The electronic circular sweep presentation
cannot be centered exactly on the graticule of
the cathode ray tube visually. Any error which
may be caused by centering errors is corrected
by the provision of an A+, A— presentation.
The A+ reading is the display of a positive
pulse, and the A— reading represents the nega-
tive pulse.

b. A further refinement of centering errors
is provided through a phase reversal of the A
crystal, positive and negative patterns. These
are referred to as A + forward and reverse and
A— forward and reverse. This phase reversal
is also displayed on the cathode ray tube, and
the readings are used to determine a mean fine
A + pattern reading. These displays are com-
parable to the direct and reverse pointings of
the theodolite on an object when measuring
angles.

¢. Meaning of these fine readings is described
in paragraph 153.

TELLUROMETER OPERATIONS AND COMPUTATIONS

highly reflective surfaces, i.e., smooth, desert
sands and water. Figure 42 illustrates the
effect of the reflection of microwaves from
water. An error is caused by the tellurometer
receiving both the direct wave and the reflected
wave, sometimes referred to as ground swing.
Some of the error is removed by the method
of observing. The mean of the four fine read-
ings, each at a different cavity tune setting,
removes a part of the swing error.

d. The instruments should be set well back
from the edge of the high land so that as much
of the reflective area becomes ‘“dead ground” to
the receiving instrument (fig. 42) as possible.

146. Operator Training

a. An instrumentman qualified in the opera-
tion of conventional surveying instruments can
acquire, in approximately 40 hours, an adequate
knowledge of both the master and remote units
to perform and supervise all the activities re-
quired to complete a field observation and to
perform the necessary computations for the
determination of a distance.

b. Continued operation of the tellurometer
will provide the operator with sufficient knowl-
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edge to perform a limited amount of mainte- justed at the master wunit without
nance (par. 163). establishing contact with the remote

unit operator (MEASURE-SPEAK
147. InSh'Umen" Con'r°|s ) (M/S) key at SPEAK):

The controls for the operation of the master

and remote units are classified in four func- Control Function
. . . BRILLIANCE and These two controls are ad-
tional groups—setting up controls for making FOCUS. justed in conjunction with

the master-remote contact, operating controls
for making the measurement, monitoring con-
trols for checking the circuit adjustments, and
internal controls for preset adjustments of in-
strumental circuits. The physical location of
these controls is shown in figures 38, 39, and
40. The functions of the individual controls in
each functional grouping are as follows:

a. Setting Up Controls.
(1) The following controls may be ad-

each other to obtain a
bright, sharp cathode ray
tube (CRT) trace which
appears as a luminous
spot at this stage.

X SHIFT and Y SHIFT___These two controls are used
to center the image at the
intersection of the hori-
zontal and vertical diam-
eters of the CRT grati-
cule,
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(2) The following controls are adjusted
at the master unit after establishing
contact with the remote unit (M/S key
at MEASURE):

Control Function
CIRCLE AMPLITUDE ___Increases or decreases size
SHAPE-and Y of circular trace.
AMPLITUDE. Adjusts for truest circular
image.

(3) The following controls are adjusted at
the remote unit after contact is estab-
lished with the master unit (M/S key
at MEASURE):
Control

BRILLIANCE, FOCUS
X SHIFT, and Y SHIFT.

b. Operating Controls.

(1) The following controls are used at the
master unit during a distance meas-
urement:

Control Function

PATTERN SELECTOR __Sets crystal pattern fre-
quencies required for the
measurement.

OPERATOR M/S key —___Switches to measuring or
voice circuit in each unit.
Used also as a signaling
device during measure-
ments. With the M/S key
at MEASURE, the opera-
tor may hear but cannot
speak to the remote sta-
tion.

CAVITY TUNE dial _____ Tunes frequency of klystron
carrier wave radiation.

REFLECTOR TUNE dial -Tunes klystron electrically
when kept at peak of
crystal current during
measurements.

(2) The following controls are used at the
remote unit during a distance meas-
urement:

Control
PATTERN SELECTOR,
M/S key, CAVITY
TUNE dial, and
REFLECTOR TUNE
dial.
A+ and A— READING
key oo Selects the A4 or A— pat-
tern as required during
an observation.
FORWARD-REVERSE Selects the reverse A- or
READING key A — pattern as required.
PULSE AMPLITUDE____Sets amplitude of pulse re-
turned to the master unit.
Normally set at 5 unless
changed by instructions
from the master station.

Function
Same function as in (1)
above.

Function
Same function as in (1)
above.
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¢. Monitoring Controls.

(1) The following controls are used at the
master unit to check the operating cir-
cuits prior to making a measurement:

Control Setting and purpose

SWITCHED METER ____Set to REG position to
check voltage regulators
in klystron circuit. Set
to MOD position with
M/S key at MEASURE
to indicate correct crystal
pattern modulation.

Set to AVC position, the
meter indicates the signal
strength being received.
It should always be tuned
to maximum.

CHECK PULSE _________ Pressing this button per-
mits the master unit
operator to view on his
CRT the pulse pattern
presented at the remote
CRT.

CRYSTAL CURRENT

meter. Registers crystal current.

(2) The following controls are used at the
remote unit to check the operating cir-
cuits prior to making a measurement:

Control Setting and purpose
SWITCHED METER_____ Same function as in (1)
above.
CRYSTAL CURRENT
meter. Same function as in (1)

above.

d. Preset Controls.

(1) The following controls are preset in
the master unit:

Control Function

ADJUST MODULATION _Under the ADJUST-MOD-
ULATION plate are four
slotted controls for the
adjustment of each crys-
tal to a specified modula-
tion level. A nonmag-
netic screwdriver should
be used.

ADJUST FREQUENCY__Under the ADJUST FRE-
QUENCY plate are four
controls for the adjust-
ment of crystal fre-
quencies. Synchronization
is done only by a quali-
fied technician,

OVEN CYCLE __________ Heats crystals automatic-
ally.




(2) The following controls are preset in
the remote unit:

Control Function
ADJUST MODULATION_Same function as in (1)
above,
OVEN CYCLE __________ Same function as in (1)
above.

148. Setting up the Tellurometer -

Any attempt to operate a master unit and a
remote unit while pointing at each other at a
distance of 150 meters (500 feet) or less will
result in damage to the units. The instructions
contained in a through k below are applicable
to both the master station and the remote sta-
tion: ’

a. Unstrap the legs of the tripod, loosen the
leg clamp thumbscrews, and extend the tripod
legs to the desired length; tighten the thumb-
screws and embed each leg firmly into the
ground, making sure that the tripod head is ap-
proximately level and approximately over the
point which identifies one end of the distance
(line) to be measured. Attach the plumb bob
and extend it so that it hangs about 1 inch
above the point over which the instrument is
to be set up.

b. Remove the instrument from the case and
place it on the tripod head. Thread the tripod
screw into the base of the instrument and tight-
en it to insure that the instrument is fixed to
the tripod. Point the dipole in the approximate
direction of the remote station. The tellurom-
eter radiates a conical beam of about 10°. In
windy weather the tellurometer should be tied
down to prevent the possibility of the instru-
ment being blown over and damaged.

¢. Dismount the parabolic reflector from its
closed (travel) position and remount it in the
open (operating) position, making sure that
fasteners fit properly and snugly. Failure to
do so may result in damage to the unit.

d. Remove the power supply cable and the
telephone handset from the storage compart-
ment under the control panel. Hang the tele-
phone handset on an improvised hook or
bracket on the tripod. Never place the handset
on top of the unit, because inaccuracies are
created if the handset is left there during the
measurement. Place the low voltage (LT) and
the high voltage (HT) switches in the off posi-
tion,

e. When a 12-volt battery is used, connect
the short (8-ft.) 12-volt power supply cable to
INPUT. Connect the red lead to the positive
post and the black lead to the negative post.

f. When a 24-volt battery is used, connect
the long (18-ft.) 24-volt power supply cable to
INPUT. Connect the red lead to the positive
post, and the black lead to the megative post.
Do not use the short 12-volt power supply
cable with a 24-volt battery, because this will
damage the unit.

g. The system is ready to be turned on after
the completion of either e or f above, Place the
low voltage (LT) switch in the ON (up) posi-
tion. This provides a filament current to the
tubes in the instrument, and it must be turned
on 30 seconds before turning on the high volt-
age (HT) switch. Both the LT and HT switches
must be in the ON position for operation of
the instrument, The HT switch should be in
the OFF position while waiting for the pre-
arranged time of operation agreed upon by the
master and remote operators.

h. Turn the METER SWITCH to the REG
(voltage regulator) position and the M/S key
to MEASURE. The reading on the SWITCHED
METER will vary with the strength of the
battery. To permit a satisfactory measure-
ment, the reading should be at least 30. A
reading of less than 30 indicates that the
charge in the battery is too low for operation.

i. Adjust the REFLECTOR TUNE dial for
maximum crystal current, The CRYSTAL
CURRENT dial should read above 0.2 for best
operation. The lowest reading on the CAVITY
TUNE dial will usually give the greatest
CRYSTAL CURRENT reading.

7. Turn the METER SWITCH to MOD
(modulate) position and check the modulation
level of each crystal. The PATTERN SELEC-
TOR must be turned to each crystal, in turn.
The correct readings, as viewed on the
SWITCHED METER should be 40 on A, B,
and C and 36 on D. If these readings are not
approximated, remove the ADJUST MODULA-
TION cover and adjust the modulation trim-
mers. The trimmers should be adjusted if the
reading varies == 2 from 40 or 36, depending
on the erystal being checked. A nonmagnetic
screwdriver should be used for this adjustment.

k. Switch the M/S key to SPEAK and move
the METER SWITCH to the AVC position.

75



The SWITCHED METER should read about
20 micro-amperes without the two instruments
being tuned and without the other set being
turned on. Turn the REFLECTOR TUNE
dial. If the SWITCHED METER needle moves,
the receiver is working. If there is no move-
ment of the indicator, trouble can be suspected
in the receiver and a repairman should be con-
sulted. )

l. This step is performed by the master unit
only. Switch the M/S key to SPEAK. There
should be a spot of light near the center of the
cathode ray tube. Turn the CIRCLE AMPLI-
TUDE control (right side panel) to make this
spot as small as possible. Adjust the BRIL-
LIANCE and FOCUS controls (left side panel)
for a clear, sharp spot, Center the spot care-
fully in the graticule, using the X SHIFT and
Y SHIFT controls (left side panel).

149. Tuning Procedures

The instrument tuning procedures follow the
setting-up procedures and must be completed
prior to making a measurement. These pro-
cedures start with the M/S key in the SPEAK
position and require coordination between the
master unit and the remote unit operators.
For this reason, the following instructions are
arranged to insure that the proper sequence is
followed. In each step, the operation desig-
nated with the number 1 precedes the opera-
tion designated with the number 2.

Meter unit operator

a2. Set the CAVITY
TUNE dial two or three
numbers below the pre-
viously agreed starting
number (setting of re-
mote). Place the METER
SWITCH in AVC posi-
tion. Increase the CAV-
ITY TUNE dial setting
until a maximum read-
ing is indicated on the
SWITCHED METER. A
maximum AVC reading at
this point indicates that
the master instrument is
tuned to the remote in-
strument.

bl. Establish communi-
cations with remote opera-
tor,
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Remote unit operator

al. Set the CAVITY
TUNE dial on the pre-
viously agreed starting
number. Verify the maxi-
mum CRYSTAL CUR-
RENT by using the RE-
FLECTOR TUNE dial.

Place the METER
SWITCH in AVC position
and watch the SWITCH-
ED METER for a maxi-
mum reading as a signal
that the master operator
has tuned his set.

b2. Answer the master
operator’s call.

Meter unit operator

cl. Direction find (DF)
the instrument by travers-
ing it on the tripod until
the SWITCHED METER
shows a maximum AVC
reading. Check plumb
after DF. Instruct the
remote operator to direc-
tion find his instrument.

dl. Switch to MEAS-
URE and turn the ME-
TER SWITCH to MOD
position. Check the modu-
lation levels by turning
the PATTERN SELEC-
TOR to A, B, C, and D, in
turn. Announce each mod-
ulation reading to the re-
corder for entry in block
VI of the field record and
computations form (fig.
43). Request modulation
readings from the remote
operator and announce
these to the recorder for
appropriate entry on the
field record and computa-
tions form, Turn the
METER SWITCH to
AVC position.

el. Announce the fol-
lowing information to the
recorder for entry in
block I of the field record
and computations form
(fig. 48): instrument
numbers, station numbers,
weather conditions, and
operator’s names.

fl. With the M/S key
at MEASURE, adjust the
CRT circle to a convenient
reading size by using the
CIRCLE AMPLITUDE,
Y AMPLITUDE and
SHAPE controls.

gl. Verify the maxi-
mum CRYSTAL CUR-
RENT reading by turning
the REFLECTOR TUNE
dial. With the METER
SWITCH in AVC posi-
tion, readjust the CAV-
ITY TUNE for a maxi-
mum AVC reading on the
SWITCHED METER.

Remote unit operator

¢2. When instructed to
do so, direction find the
instrument by traversing
it on the tripod until the
SWITCHED METER
shows a maximum AVC
reading. Check plumb
after DF.

d2. Switch to MEAS-
URE and turn the ME-
TER SWITCH to MOD
position. Check the modu-
lation levels by turning
the PATTERN SELEC-
TOR to A, B, C, and D, in
turn. Note the values of
the modulation levels.

When requested to do
so, report the modulation
readings to the master
operator.

e2. Stand by. If re-
quested to do so, provide
information to the master
operator.

f2. Switch the M/S key
to MEASURE and stand
by.

g2. If requested to do
so, adjust the PULSE
AMPLITUDE.




Meter umit operator
Inspect the circular
trace on the CRT for a
good clean break.

If a good break cannot
be obtained or the pulse
appears too weak or too
strong, instruct the re-
mote unit operator to ad-
just the PULSE AMPLI-
TUDE.

Note. The tellurometer system is now ready for
distance measuring.

Remote unit operator

150. Measurement Procedure

A tellurometer measurement consists of one
set of initial coarse readings, four sets of fine
readings, and one set of final coarse readings.
A coarse reading consists of readings on the
A+, A—, B, C, and D patterns, and a fine read-
ing consists of readings on the A+, A—, A—
reverse, and A+ reverse patterns. All read-
ings are recorded on the field record and com-
putations from (fig. 43) as they are taken.
The completed form constitutes a record of the
distance determined and the system operation
during one measurement., The field record and
computations forms for each measurement
should be retained to make up a permanent log
for the operation of the system, The measur-
ing procedures require coordination between
the master unit and remote unit operators. In
each step, the operation designated with the
number 1 precedes the operation designated
with the number 2.

Master unit operator

al. Switch to SPEAK
and advise the remote unit.
operator that the initial
coarse readings will be
taken in the prescribed
order (A4, A—, B, C,
D). Switch to MEAS-
URE, turn the PAT-
TERN SELECTOR to
position A, and read the
value on the CRT to the
nearest division (fig. 41).
Announce the value to the
recorder for entry in
block II of the field record

Remote unit operator

a2. When instructed
that the initial coarse
readings will start, switch
to MEASURE. Each time
the master unit operator
signals by flicking the key,
switch to the next pattern
frequency.

The master unit opera-
tor’s signal will appear as
a flick on the remote unit
CRT and as a break in
the measuring tone on the
phone.

and computations form
(fig. 43).
Flick the M/S key

twice to indicate to the
remote unit operator that
the reading of the A+

Maaster unit operator

pattern is complete and
that a reading is desired
on the next (A—) pat-
tern.

When the A — pattern
appears on the CRT, read
the value and announce it
to the recorder for entry
in block II of the field
record and computations
form.

For the A— pattern,
continue to read the clock-
wise edge of the break.

Flick the M/S key
twice to indicate to the
remote unit operator that
the reading of the A—
pattern is complete and
that a reading is desired
on the next (B) pattern.

Turn the PATTERN
SELECTOR to position B
and proceed as with the
previous readings. After
each reading, flick the
switch to indicate readi-
ness to read the ‘next
pattern,

When the C and D pat-
tern readings have been
completed, return the
PATTERN SELECTOR
to position A. This com-
pletes the initial coarse
readings.

bl. Switch to SPEAK
and advise the remote unit
operator that each fine
reading will be taken in
prescribed order
A—, A— reverse, A+ re-
verse). Normally four sets
of fine readings are taken.
The frequency interval be-
tween sets should be the
maximum allowable (i.e.,
3, 5, 7, and 9) over the
range of the CAVITY
TUNE dial. When mak-
ing the reverse readings,
continue to read the
clockwise leading edge of
the break.

Announce to the remote
unit operator the remain-
der of the CAVITY
TUNE dial settings.

(A+,’

Remote unit operator

b2. Switch to SPEAK
and wait for instructions.

When advised that
fine readings will be
taken, turn the METER
SWITCH to AVC position
and set the CAVITY
TUNE dial to the an-
nounced setting.

The CAVITY TUNE
dial setting should be the
same as that on which
the initial coarse readings
were taken.



Master unit operator
cl. Adjust the CAVITY
TUNE dial, if necessary,
for maximum AVC read-
ings. Check the RE-
FLECTOR TUNE dial

for maximum CRYSTAL.

CURRENT. Announce
“measure” to the remote
unit operator and switch
to MEASURE.

Check the circle sweep
for focus, brilliance, size,
shape, and circle break. If
the circle break is not
apparent, adjust it with
the REFLECTOR TUNE
dial. If the adjustment
fails to produce a break,
communicate with the re-
mote unit operator and re-
quest a high PULSE
AMPLITUDE setting.

dl. Take the four sets
of fine readings at ‘the
previously announced
CAVITY TUNE dial in-
tervals. Flick the M/S
key to signal the remote
unit operator.

Announce the value
read for each pattern dur-
ing the measurement of
each set to the recorder
for entry in block III of
the field record and com-
putations form (fig. 43):

After taking the A+
reverse reading of each
set, the master unit op-
erator should pause mo-
mentarily before proceed-
ing and allow the recorder
to check the recorded
values for possible read-
ing errors.

el. Switch to SPEAK
and advise the remote
unit operator that final
coarse readings will be
taken.

78

Remote unit operator
c2. When instructed to
do so, increase or decrease
the PULSE AMPLI-
TUDE.

d2. For each of the four
sets of fine readings, use
the following procedure:

When signaled by the
master unit operator that
the A+ reading is com-
plete, switch the PAT-
TERN SELECTOR to
the A — position. On the
second signal from the
master unit operator, de-
press the FORWARD-
REVERSE key. When
the FORWARD-RE-
VERSE key is in the
REVERSE position, the
master unit operator
reads the A— reverse pat-
tern. On the third signal,
switch the PATTERN
SELECTOR to the A+
position. This presents
the A+ reverse pattern to
the master unit operator.
On the fourth signal,
raise the FORWARD-RE-
VERSE key and wait for
instructions. When in-
structed to do so, switch
to SPEAK and advance
the CAVITY TUNE dial
to the next setting.

e2. Follow the proced-
ure in a2 above at the last
CAVITY TUNE dial set-
ting.

Masgter unit operator

Follow the procedure in
al above at the last CAV-
ITY TUNE dial setting.
As the readings are made,
announce the values to
the recorder for entry in
block IV of the field
record and computations

form (fig 43).
f1. Compare the inter-
preted initial and final

coarse readings for agree-
ment (blocks II and IV of
the field record and com-
putations form).

If a significant dis-
agreement is evident (par.
154), take additional
coarse readings until the
error is isolated.

gl. Advise the remote
unit operator that the
measurement is complete
and give further instruc-
tions.

Instructions must be ex-
plicit and thoroughly un-
derstood, since at this
point the instruments will
be turned off and com-
munications severed,

If at any time in tun-
ing to a new CAVITY
TUNE dial setting, com-
munications cannot be
made with the remote
unit, return to the last
CAVITY TUNE dial set-
ting at which contact was
made and issue instruc-
tions.

151.
Measurement

Remote unit operator

f2. Stand by.

g2. Proceed as instruct-
ed.

If at any time in tun-
ing to a new CAVITY
TUNE dial setting com-
munications cannot be
made with the master
unit, return to the last
CAVITY TUNE dial set-
ting at which contact was
made and await instruc-
tions.

Computing a Tellurometer Distance

a. Computations required for a tellurometer
distance measurement are performed in the fol-

lowing order:

(1) Interpreting initial coarse readings.
(2) Interpreting fine readings.

(3) Interpreting final coarse readings.

(4) Resolving a transit time in millimicro-

seconds from correctly

interpreted

pattern differences.

(5) Computing a slope distance in meters
from a transit time in millimicro-

seconds.




FIELD RECORD AND COMPUTATIONS - TELLUROMETER

{TB ENG 33)
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Figure 43. Field record and computations form.
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BLOCK XI - SEA LEVEL COEFFICIENT

The height naed to determine log sea level
coefficient ia height of known atation to the near-
est 100 meters. Mean height should be used if the
heighta of both atationa are known.

HEIGHT LOG SEA LEVEL
METERS COEFFICIENT
-100 0.0000068
-50 0.0000034

00 0.0000000
50 9.9999966
100 9.9999931
200 9.9999863
300 9.9999795
400 9.9999727
500 9.9999659
600 9.9999590
700 9.9999522
800 9.9999453
900 9.9999386
1000 9.9999317
1100 9.9999249
1200 9.9999181
1300 9.9999112
1400 9.9999044
1500 9.9998976
1600 9.9998908
1700 9.9998839
1800 9.9998770
1900 9.9998703
2000 9.9998634
2100 9.9998566
2200 9.9998498
2300 9.9998429
2400 9.9998361
2500 9.9998292
2600 9.9998225
2700 9.9998156
2800 9.9998088
2900 9.9998020
3000 9.9997951
3100 9.9997883
3200 9.9997815
3300 9.9997747
3400 9.9997678
3500 9.9997609
3600 9.9997542

NOTE:

The above valuea were computed for a
northing of 3 200 000 and azimuth of 45 degreea
and can be used anywhere on the UTM grid with-
out causing an error greater than 1:250,000.

GIVEN:
Height of station - METERS.

FIELD DATA:
a. Approximate distence in both milea and
meters.
b. Corrected tranait time.
c. Height if not available,
d. Vertical angle (comp if not p
to measure).

thl

GUIDE:

a. BLOCKSII, I &IV - If A+ ialesa than B,
C or A-, add 100 to A+ before detemining
the difference.

b. BLOCKSII, III & IV - ‘““Compare with A+’
means that this figure must compare ¢ 4
MUS with A+ in the final coarse reading.
If necessary add 50.

c. BLOCK VIII(5) - Meaaured or computed
vertical angle,

LIMITATIONS:
This form may be used for obtaining artillery
survey accuracies.

RESULTS:
A aca level diatance is determined which
should be treated the same aa a taped
distance.

. GPo 397312

Figure 44. Back of field record and computations form.




(6) Reducing a slope distance to a hori-
zontal and sea level distance in meters.
b. Tellurometer distance measurements are
normally computed at the master station be-
fore party personnel depart for subsequent sur-
vey operations. This permits the verification
of the distance determined by map scaling and
the resolution of ambiguous pattern differences
if they occur. Figure 43 illustrates recording
of readings on a field record and computations
form and is used as a reference for the discus-
sions on computations.

152. Interpreting the Initial Coarse
Readings (Block Il

a. The phase difference is determined by sub-
tracting the coarse readings, B, C, D, and A—
from the A+ reading. If necessary, add 100
to A+ before subtracting. In figure 43, it is
necessary to add 100 to A+.

b. Divide the A+ A— difference by 2. Com-
pare this value (03.0) with the A+ reading
(05). They compare within 2 millimicrosec-
onds, which is satisfactory. If the readings do
not compare within 4 millimicroseconds, they
must be reobserved, After dividing by 2, in
some cases, it will be necessary to add 50 when
making the A+ comparison.

153. Interpreting the Fine Readings
(Block 1H)

In the example below, one set of the fine
readings in figure 43, block III, are meaned:

Remote

Set dial Forward Reverse
1 3 A+ 05 A+ 59
A— 99 A— 51

06 08

06 + 08 = 14 = 2 = 07 mean difference
07 + 2 = 3.50 mean fine reading

A4 (initial coarse) = 05.00 (block II)
Mean fine reading = 03.50

Zeroing error = 1.50 millimicroseconds

a. In the forward readings, the A— is sub-
tracted from the A+. Because the A+ was
smaller than the A—, it was necessary to add
100 to 05 before subtracting (100 + 05 = 105,
105 — 99 = 06). Add 100 only when necessary.

b. In the reverse readings, the A— is sub-
tracted from the A+ (59 — 51 = 08). If the
A+ had been smaller than the A—, it would

have been necessary to add 100 to the A+ be-
fore subtracting. .

¢. The difference in the forward readings is
added to the difference in the reverse readings,
and the sum is divided by 2 to obtain the mean
difference (06 + 08 = 14 = 2 = 07).

d. The mean difference is divided by 2 to ob-
tain the mean fine reading (07 =~ 2 = 3.50).

e. Subparagraphs a through d above correct
for the zeroing error (par. 144). The three
remaining fine readings which were taken at
remote dial settings 5, 7, and 9 are meaned the
same as the example above which was taken at
remote dial setting 3. The mean fine reading
for the four sets of fine readings (3.31) is de-
termined and compared with A+ (03.00) in
block IT (38.831 — 38.00 = 0.31). This compari-
son is satisfactory because it is within 4 milli-
microseconds.

f. Four sets of fine readings are made using
all parts of the cavity tune dial;ie., 3, 5, 7, and
9. The use of all parts of the cavity tune dial
will reduce the reflection error until it is so
small that it will seldom affect artillery survey
accuracies.

154. Interpreting the Final Coarse

Readings (Block V)

The final set of coarse readings is taken pri-
marily as a check on the initial coarse readings.
The final coarse readings are interpreted and
the differences are resolved in the same manner
as the initial coarse readings (par. 152). If the
difference between the patterns of the two sets
of coarse readings exceed that shown below, a
third set of coarse readings is taken and the
differences are resolved.

Pattern Maximum difference
A 4
B 8
C 3
D 2

155. Resolving the Transit Time from
Pattern Differences (Block V)

a. In the spaces provided in block V, transit
time (fig. 43), enter the final coarse readings
(differences) from block IV, the mean fine
reading (to the nearest hundredth) from block
III, and the first figure (transit time) from
block X (approximate distance in miles).
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b. On the line for unresolved transit time,
enter the first digit appearing on each line in
block V and the decimal value of the mean fine
reading (fig. 45).

¢. Determine the resolved transit time by
successive comparison and enter the value on
the line for resolved transit time (fig. 43). The
method used to resolve a corrected transit time
is illustrated in figure 45. The resolved transit
time represents the travel time in millimicro-
seconds of the electromagnetic wave trans-
mitted from the master unit to the remote unit
and return.

156. Computing Slope Distance in Meters
(Block VII

a. The resolved transit time in millimicro-
seconds is a time measurement which must be
corrected for the refraction of atmosphere and
converted to a one-way slope distance in meters.
The log of the resolved transit time is entered
in line 2 of block VII.

b. A mean refractive index is used for the
refraction correction. .This greatly simplifies

the procedure and eliminates the requirement
for meteorological observations during a meas-
urement. This index has been corrected mathe-
matically by applying the velocity of a radio
wave per millimicrosecond to provide a con-
stant, the log of which is added to the log of the
resolved transit time to produce the log of a
one-way slope distance in meters. This log
(9.1756509) appears on line 2, block VII (fig.
43) and is added to the log on line 1; the re-
sulting sum is the log slope distance in meters
(line 3, block VII).

¢. The log of one-half the corrected refrac-
tive index (9.1756509) block VII, line 2 should
provide an accuracy greater than 1:10,000 at
air temperatures of —40° F. to +120° F. at
elevations of —1,000 to + 10,000 feet, and at
all conditions of humidity. One-half the cor-
rected refractive index is used because it is
multiplied by the transit time of master to re-
mote to master which is twice the distance
from master to remote.

BLOCK Y -TRANSIT TIME(IIL ,I¥ , & X)

Obtoined from opproximote
distonce in miles (block X ol|ojojojo|0.0(O

From block X, enter O on line for resolved tronsit time
(Approx. dis. miles from map scole = 2.3 miles

Finol Y A+s Diff 2|slolo|olo]o

. 33803.31 value closest to 28000;
Ta campare with | *
A Di‘:‘f consider @ = { enter 2 on line for
13803. 31 resolved tronsit time

T ° ith 5803.31 value closest to 4100;
Coorse > A+C Diff 4|1]lofo.o]o Ao*::ogi‘;frzo‘:lsi der 4803.31 = ( enter 3 online for
G803 3D resolved tronsit time
Readings A+D Ditt 8|2 jo.0]0 I°+f>°3'i?: 'c%xi'dher 283:3‘. s :::::BCI:'S‘:?':;%?ZO"
(block I¥ ) ] resolved tronsit time
o
Use this volue to Enter the meon fine reoding from
Meon fine reoding (block IIL ) 0[|3.3)1| compore with block II. This value will not chonge

A +D Ditf

Unresolved transit
time (block It ) ol2la|8|0|3.3 !

Unresolved tronsit time

Resolved tronsit
time (black III') O2|3|8|10]3.3|!

Resolved tronsit time

Figure 45. Illustration of resolving a transit time.
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157. Determination of the Vertical Angle
(Block VIIN

a. The slope distance has been determined in
block VII. The horizontal distance is used in
artillery survey. Consider that the slope dis-
tance is the hypotenuse of a right triangle.
The horizontal distance may be computed using
the slope distance and the vertical angle or the
slope distance and the difference in height
(block VIII).

b. When the vertical angle is measured, it is
entered on line 5 (fig. 43). The vertical angle
should be measured reciprocally or corrected
for curvature, when measuring over a long
distance. The vertical angle may be expressed
in either degrees, minutes and seconds, or it
may be expressed in mils, depending on the
type of theodolite used to make the meas-
urement.

¢. If the vertical angle is not measured, then
it must be computed by using the slope dis-
tance and the difference in height. The differ-
ence in height is obtained from block I, line 3.
The vertical angle is computed in block VIII.

d. The heights of the master station and the
remote station are entered in block I, line 1 and
2. The height is obtained from known data or
determined with the altimeter (ch. 12).

158. Reduction of Slope Distance to Sea
Level Distance (Block IX)

a. The slope distance is reduced to sea level
distance by computations, using the slope dis-
tance, vertical angle and sea level coefficient.
The computations are made by following the
instruction in block IX (fig. 43).

b. Instructions for the use of the sea level
coefficient are on the back of the form in block
X1 (fig. 44).

¢. The computations on the field record and
computations form (fig. 43) end with sea level
distance in block IX. To carry the computa-
tions further would be a duplication of effort,
since most Department of the Army artillery
survey forms provide for the application of
the log scale factor to convert to universal
transverse mercator (UTM) grid distance.

d. When a tape is used for determining dis-
tance in artillery survey the distance taped is
horizontal distance when using a tape. These
taped distances are relatively short and the

method used in taping is not sufficiently accu-
rate to warrant converting to sea level distance.
However, a distance determined with the tel-
lurometer is of a greater length and of suffi-
cient accuracy for conversion to sea level dis-
tance rather than horizontal distance at the
height at which the measurement was made.

159. Survey Party Personnel and Duties

a@. One man can operate either the master or
remote unit. However, in order to fully utilize
the accuracy and speed of a tellurometer sur-
vey, two men—an instrument operator and a
recorder—are required for each unit. As with
all artillery survey operations, two independent
computations must be made.

b. The theodolite will be used for angle meas-
urement with the tellurometer. Generally, the
tellurometer is used in artillery fourth-order
survey in which case fourth-order specifications
will be used. If used for artillery fifth-order
survey the tellurometer distances are measured
the same as for artillery fourth-order, and
artillery fifth-order specifications are used for
angle measurement. In either case one theodo-
lite is provided with each master and remote
unit. An altimeter is also provided with each
master and remote unit for the determination
of height when a vertical angle cannot be
measured.

¢. The tripod should be set up over the sta-
tion and used for both the tellurometer and
the theodolite. The same instrument man and
recorder utilized for distance measurements
are utilized for angle measurements.

160. Tellurometer Traverse

a. The primary use of the tellurometer in
artillery survey is to measure distance for
traverse. However, any required distance vary-
ing in length from 150 meters to approximately
40 miles may be measured. The main advan-
tages of determining distance by tellurometer
over taping are greater accuracy, measurement
over rough terrain, and the relatively short
time required to measure long distances.

b. Short distances can usually be determined
in less time with a tape than with the tel-
lurometer. The average distance measured in a
tellurometer traverse will be from 2 to 5 miles,
because of the necessity of distributing survey
control throughout an area of operation.
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c. A set of tellurometer equipment consists
of one master unit and two remote units. In
traverse, the master station is the mid-station
and the remote units are located at the forward
and rear stations. The master unit measures
the distance to the forward and to the rear
station each time it is set up. The leapfrog
method is used for the extension of survey con-
trol. Angles are measured at each tellurometer
station. When measurements are complete at
the first three stations, the master station and
rear remote station are moved to the next suc-
cessive points( fourth and fifth points, respec-
tively). The former forward remote station
remains in position and on succeeding measure-
ments acts as rear remote station. The proce-
dure is continued with the master station being
positioned between two remote stations until
measurements are completed.

161. Trilateration

a. Trilateration (the measurement of three
sides of a triangle to solve for three angles as
opposed to measuring three angles with a
known baseline in triangulation) is another

method of survey for which the tellurometer
may be used.

b. Generally, trilateration will not be used
when a tellurometer traverse could be used to
establish survey control, because, in most tac-
tical situations and terrain, a tellurometer tra-
verse is more accurate, is faster, is less
complicated, and requires fewer computations
and less reconnaissance. Vertical control can-
not be carried in trilateration, except with the
altimeter.

¢. However, trilateration is a method of sur-
vey which may be used when no other method
can be used. If the area is covered with heavy
ground fog, angles cannot be measured with a
theodolite; thus, a tellurometer traverse can-
not be used to establish survey control. If a
line of known direction is available, it may be
used as one side of a triangle, and the other
sides of the triangle could be measured with
the tellurometer to establish a point by tri-
lateration. Height to the point could be deter-
mined with the altimeter and an azimuth
provided with an artillery gyro azimuth sur-
veying instrument.

Section 1IV. TELLUROMETER MAINTENANCE

162. General

a. Discretion must be exercised in assigning
maintenance responsibilities to operating per-
sonnel. The availability of artillery surveyors
with a sufficient knowledge of electronics to
perform all of the tellurometer adjustments
and repairs is limited. For this reason, the
operator’s maintenance should be confined to
a level suitable for personnel accustomed to
conventional survey equipment.

b. The tellurometer is a relatively delicate
instrument. Unlike conventional survey equip-
ment, the tellurometer is susceptible to many
effects besides rough handling. The tellurom-

eter generates a 250-volt potential at the
Klystron cavity. Power to the unit must be
turned off before removing the side panels.
Maintenance experimentation by operating per-
sonnel must be strictly prohibited.

163. Equipment Failures and Remedial
Actions
a. The following chart has been prepared
principally as an aid to maintenance instruc-
tion and s a guide only. It is not intended to
supplant maintenance directives. For mainte-
nance responsibilities and procedures, refer to
TB ENG 23, Use of The Tellurometer in Mili-
tary Surveying.

Failure Probable cause Remedy Level
Power supply:
No power to unit. Power connection broken. Connect Operator.
Blown or corroded fuses. Replace or clean, Operator.
Battery clips broken or | Replace or clean. Operator.

corroded.
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Fallure

Probable cause

Remedy

Level

Power supply—Continued

Sparking at powerpack.

Switched meter:
No REG indication.

REG too high; needle
remains above scale.
Crystal current meter:

No registration.

Excessive current on all
cavity tune frequen-
cies.

Current below 0.15 ma
at all frequencies.

. Current low on one fre-

._quency.
No change in meter
when cavity tuner is
turned.

Cathode ray tube:

Brilliance . too dim or
none at all, but signal
can be heard on phone.

Vibrator out —__________

Battery dead ——________

Broken cable or cable

shield.

No power or internal

failure.

Defective power cable
shield.

Defective antenna diode.
Defective current meter.

Antenna reflector still in
traveling position.

Low battery — . _____
Maladjusted dipole.

Impaired reflector tune
control (if CRT trace
jumps when control is
moved).

Maladjusted klystron.

Maladjusted dipole.

Screws loose on shaft
from knob to tuner.

Brilliance setting too low.

Faulty cathode ray tube.

Improperly seated cath-
ode ray tube.

Burned out filament in
cathode ray tube.

Report to second-echelon
repairman,

Replace

Report to second-echelon
repairman.

Check power as above; if
power supply is satis-
factory, report to sec-
ond-echelon repairman.

Report to second-echelon
repairman.

Tap diode crystal lightly
or replace.

Report to second-echelon
repairman,

Place in operating posi-
tion.

Replace

Report to second-echelon
repairman.

Report to second-echelon
repairman.

Report to second-echelon
repairman.

Report to second-echelon
repairman.

Report to second-echelon
repairman,

Turn higher

Report to second-echelon
repairman.

Report to second-echelon
repairman.

Report to second-echelon
repairman.

Second echelon.

Operator.

Second echelon.

Operator.

Second echelon.

Second echelon.

Operator.

Second echelon.

Operator.

Operator.

Second echelon.

Second echelon.

Second echelon.

Second echelon.

Second echelon.

Operator.

Second echelon.
Second echelon.

Second echelon.
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Failure

Probable cause

Remedy

Level

Cathode ray tube — Con-

tinued
No circle break, but sig-
nal tone on phone with
normal traces on cath-
ode ray tube of each
unit.

Unsteady circle.

No vcircle on master
unit cathode ray tube.

Distorted cirecle on mas-
ter unit cathode ray
tube.

No circle at one erystal
setting.

Different circle sizes at
different crystal set-
tings.
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Incorrect pulse amplitude
setting.

Master unit not properly
tuned to remote unit.
(Tuned to a side fre-
quency.)

Too high brilliance set-
ting.

Faulty tubes in IF, limi-
ter or discriminator.

Faulty diodes in limiter
output.

Broken lead in discrimi-
nator.

Klystron not securely

seated.

Moving objects in path of
beam,

OPERATOR MEASURE-
SPEAK switch on
SPEAK at either
station.

Incorrect cavity tuning.

Master unit tuned to har-
monic.

Maladjusted shape
trol.

con-

Defective X or Y ampli-
fier tube.

Defective crystal on mas-
ter or remote unit.

Defective oscillator tube
in circuit.

Incorrect crystal fre-

quency modulation.

Check pulse at remote
unit.

Flick MEASURE-
SPEAK switch; note
AVC reading.

If appreciable change oc-
curs, improper tuning
denoted.

Reduce brilliance.

Report to second-echelon
repairman.

Report to second-echelon
repairman.

Report to second-echelon
repairman.

Report to second-echelon
repairman.

Await cessation.

Set switch to MEASURE.

Check at both stations.

Check modulation.

Report to second-echelon
repairman.

Switch to MEASURE.

Switch to MOD.

If no MOD reading,
erystal is defective.

Report to second-echelon
repairman,

Adjust:

‘A = 40,
= 40,
= 40,
= 36.

cQwpy

Operator,

Operator.

Operator.

Second echelon.

Second echelon.

Second echelon.

Second echelon.

Operator.

Operator.

Operator.

Operator.

Operator.

Second echelon.

Second echelon,

Second echelon.

Operator.




Failure

Probable cause

Cathode ray tube — Con-
tinued

Small circle not reacting

to amplitude control.

Different break presen-
tation at different
crystal settings.

Radiotelephone:

No measuring tone.

No measuring tone.

No ecommunication.

Large A+ A — spread:

Low battery____________

Faulty diode in modula-
tion circuit.

Incorrect crystal syn-
chronization.

Faulty connection_______

OPERATOR MEASURE-
SPEAK switch at
MEASURE, either unit.

Incorrect crystal modu-
lation setting.

Defective crystal _______

Units improperly pointed.

Faulty telephone connec-
tion.

OPERATOR MEASURE-
SPEAK switch at
MEASURE.

Master unit cathode ray
tube trace incorrectly
centered.

Defective klystron, when
condition appears sud-
denly.

Defective capacitor in de-
flection circuit.

Remedy Level
Check REG. Operator.
Recharge.
Report to second-echelon Second echelon.
repairman.
Paragraph 163b. Operator.
Report to second-echelon Second echelon.
repairman.
Set switch to SPEAK. Operator.
Adjust: Operator.
A = 40,
B = 40,
C = 40,
D = 36.
Report to second-echelon Second echelon.
repairman.
Direction find. Operator.
Report to second-echelon Second echelon.
repairman.
Adjust ________________ Operator.
Report to second-echelon Second echelon.
repairman.
Report to second-echelon Second echelon.
repairman.

b. When adjusting for SHAPE and Y AMP-
LITUDE, if it is impossible to obtain a cir-
cular image on the master cathode ray tube,
the crystal will have to be synchronized. Each
crystal in the master unit is synchronized with
the corresponding crystal in the remote unit.
When a circular image on the CRT cannot be
obtained, switch to other crystals. If a satisfac-
tory circular image is obtained on the other
crystals, it is necessary to synchronize the
crystal which will not provide a circular image.
This must be done by a qualified technician.

The following procedure is used to synchronize
a crystal:
(1) Master unit.

(a) Assume that the A crystal requires
synchronization. Switch to SPEAK
and instruct the remote operator to
synchronize the A crystal.

(b) When the remote operator ac-
knowledges, switch to MEASURE.
Set the PATTERN SWITCH to the
A crystal. Do not remove the
plastic cover marked ADJUST
FREQUENCY on the master unit.
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(2) Remote unit.

(a) Switch to SPEAK, acknowledge the
master operator’s instructions, and
request him to switch to the A
crystal.

(b) Remove the plastic cover marked
ADJUST FREQUENCY and the
right side cover to expose the SET
CRYSTAL BUTTON on the remote
unit.

(c) Hold in the spring loaded SET
CRYSTAL BUTTON and adjust
the A+ crystal screw to obtain a
relatively stationary elliptical trace
on the CRT. This trace may have
some motion, but it should not ap-
pear as a rapidly moving basket
weave. A nonmagnetic screwdriver
should be used.

(d) Repeat synchronization for the A—
crystal.

(e) Repeat synchronization for other
crystals B, C, or D as required.

(f) Notify the master unit operator
when synchronization is complete.

164. Notekeeping

Field notes of the tellurometer are entered on
DA Form 5-139 (Field Record and Computa-

tions—Tellurometer). The computations for
determining sea level distance are also accom-
plished on this form. The completed form with
field records and computations should be filed
with the survey computation where the distance
was utilized.

165. Operating Temperature

a. The tellurometer has been designed to op-
erate over the range of —40° F. to +104° F.
air temperature. The crystals of both the
master and remote units are mounted in an
oven which automatically maintains operating
temperature. The oven begins operation as
soon as the power source is connected, regard-
less of whether the low voltage (LT) or the
high voltage (HT) is on or off.

b. Readings should not be taken until the
OVEN CYCLE lamp has gone off for the first
time. The OVEN CYCLE lamp will then blink
on and off while automatically maintaining op-
erating temperature. .

¢. Approximately 30 minutes is required for
the crystals to reach operating temperature at
—40° F. air temperature; less than 15 minutes
is required, at +40° F. air temperature. If the.
tellurometer is operated in cold, extremely
windy weather, a light windbreak around the
instrument will reduce warmup time.




CHAPTER 10

TARGET SET, SURVEYING

Section |.

166. General

a. The target set is used by artillery missile
firing batteries, which require a very accurate
laying azimuth, to mark one end of the orient-
ing line. The target set is not used for artillery
survey,

b. The target is mounted on a tripod. The
tripod is the same type of tripod used with the
T2 or T16 theodolite. The carrying case (12 x
10 x 6 inches) is a wooden, top-opening box
which contains two targets, two tribrachs, and
two night light attachments. Two tripods with
plumb bob and adjusting wrench and two bat-
tery cases are issued with the target set.

167. Setting up the Tripod

The procedures used for setting up the
tripod for the theodolite are also used for
setting up the tripod for the target set.

168. Placing the Target on the Tripod
The tribrach is fastened to the tripod with

Section II.

171. Sighting the Target

a. A sighting (pointing) is made on the
target by bisecting the extended apex of the
large triangle with the vertical crossline and
bisecting the extended vertexes of the two
smaller triangles with the horizontal crossline
(fig. 46).

b. The distance from the angle measuring
instrument to the target should be approxi-
mately the same distance as from the angle
measuring instrument to the object to which
the angle is measured. The focus of the tele-
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the instrument holding screw. The target is
fastened to the tribrach with the instrument
sliding clamp located on the side of the tri-
brach.

169. Leveling and Pointing the Target

a. The target tribrach contains three level-
ing screws, the optical plumb, and a circular
level vial. The target contains a longitudinal
level vial and is leveled and plumbed over the
point in the same manner as the theodolite -
(pars. 91 and 92).

b. The target is oriented perpendicular to
the line-of-sight of the instrument which is
pointing on the target.

170. lllumination of Target

The night light is attached to the back of
the target and is plugged into the battery case.
The battery case is the same as that used for
the theodolite.

USE AND CARE OF THE TARGET

scope should not be changed during the angle
measurement.

172. Use of the Target on Short Sightings

In providing an azimuth for an orienting
line in terrain which requires short sightings,
greater accuracy is obtained by using targets
instead of range poles to mark stations. A tar-
get is placed over the forward and rear sta-
tions. The tribrachs remain with the tripods.
The theodolite and targets are moved after
each angle is measured. The target on the for-
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ward station is replaced with the theodolite.
The theodolite is replaced with the rear station
target. A target is placed over the new forward
station. This leapfrog procedure provides
greater accuracy in centering and leveling on
short lines, but little is gained on long lines.

173. Adjustments of the Target

The target requires two adjustments—the
longitudinal level and the optical plummet ad-
justments.
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Figure 46. Tripod mounted target.

a. The longitudinal level is adjusted in the
same manner as the plate level on the theodo-
lite (par. 103).

b. The optical plummet is adjusted in the
same manner as the optical plummet on the
theodolite (par. 104).

174. Care and Maintenance of the Target

The target is a precise instrument and
should receive the same care and maintenance
as the theodolite.




CHAPTER 11

ARTILLERY GYRO AZIMUTH SURVEYING INSTRUMENT

Section 1.

175. General

The artillery gyro azimuth surveying instru-
ment is a portable gyrocompass used to deter-
mine astronomic (true) direction at a fixed
position. Direction is determined by observing
the effect of the rotation of the earth on the
gyroscope and applying appropriate corrections
to the instrument. Accuracy of a direction ob-
tained with this instrument is comparable to
that of astronomic observations.

176. Components

The artillery gyro azimuth surveying instru-
ment consists of the following items (fig. 47):

a. Alinement Head. The alinement head con-
tains a highly sensitive single axis rate gyro-
scope (fig. 48). Mounted to the gyroscope as-
sembly is a mirror assembly used to check the
collimation of the instrument. The mirror may
be seen through the circular window installed
in the side of the alinement head. A T2 theodo-
lite (0.002 mil) is mounted on the top of the
alinement head in such a manner that the hori-
zontal circle of the theodolite is locked to the
movement of the alinement head. This allows
the azimuth of any line to be determined with
reference to true north after orientation of the
instrument has been completed. The base of the
instrument contains the leveling and alinement
assembly. The instrument is leveled in the
same manner as a theodolite. The alinement
controls consist of an azimuth lock (fast mo-
tion) and an azimuth vernier knob (slow mo-
tion) with an odometer-type scale. The complete
alinement head weighs 61 pounds.

b. Electronic Package. The electronic pack-

age (fig. 47) converts the power from the power
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source to a usable power to revolve the gyro-
scope in the alinement head. The control panel
includes the controls and indicators necessary
for the operation and to determine the direc-
tional alinement of the instrument. An integral
voltmeter circuit is furnished to check various
operations of the instrument and serves as an
aid to troubleshooting. The electronic package
contains six removable subassemblies called
modules (fig. 49). This type of component
packaging facilitates the replacement of faulty
components. The complete electronic package
weighs 52 pounds.

¢. Power Source. The artillery gyro azimuth
surveying instrument is primarily designed to
operate from a power source of 24 volts direct
current (DC). However, a powerpack contained
in the bottom cover of the electronic package
can be used to convert 110 volts alternating
current (AC) to direct current.

d. Interconnection Cables. The instrument is
provided with several cables. One cable is used
to carry power from the electronic package to
the alinement head. When the instrument is
operated on direct current, either a 5 foot
power cable (when the current is provided by
separate batteries) or a 25 foot power cable
(when the current is provided by batteries
installed in a vehicle) is used to carry the power
from the power source to the electronic pack-
age. When the instrument is operated on alter-
nating current, two powerpack cables are used;
one connects the power source to the powerpack
and the other connects the powerpack to the
electronic package.

e. Tripod. The tripod is a heavy duty,
specially designed tripod with wooden legs or
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shorter metal legs. The legs are interchange-
able to allow operation of the instrument under

Section Il.

a wider scope of situations. The tripod with
wooden legs weighs 21 pounds.

USE, CARE, AND MAINTENANCE OF ARTILLERY

GYRO AZIMUTH SURVEYING INSTRUMENT

177. Setting up the Equipment

Setting up the equipment consists of remov-
ing components from containers, plumbing over
the station to be occupied, assembling the com-
ponents, leveling the instrument, attaching the
necessary cables, and turning the alinement
head so that the circular window is pointing
approximately west.

178. Coarse Alinement
Coarse alinement includes the bias adjust-
ment and the head alinement. Bias adjustment

consists of calibrating the instrument to insure
that the only torque (force) exerted on the
gyroscope will be the rotation of the earth.
Calibration is accomplished by turning the
selector switch to position 1 and the clamp
switch to the READ position and then adjust-
ing the calibrate knob until the indicator
needle is zeroed. Bias torques that are com-
pensated for by this adjustment are mechanical
stresses, bearing friction, magnetic fields, fluid
forces, etc. This step is performed before the
gyroscope motor is turned on. Head alinement

92 Figure 47. The artillery gyro azimuth surveying instrument.




consists of obtaining a coarse east-west direc-
tion with the instrument. This is accomplished
by putting the gyroscope into motion and turn-
ing the alinement head until the indicator
needle is nulled (zeroed). The gyroscope motor
is turned on by turning the selector switch to
position 2. The indicator needle is partially
nulled in this phase of the operation by turn-
ing the alinement head manually until the in-
dicator needle is less than three divisions away
from zero. Care must be taken to insure that
the alinement head is not moved unless the
clamp switch is in the ADJUST position and
that sufficient time is given for the indicator
needle to settle down before reading the indi-

cator meter. The azimuth lock is then tight-
ened, and the indicator needle is nulled within
one graduation of zero by using only the azi-
muth vernier knob.

179. Fine Alinement

Fine alinement includes the final head aline-
ment and the readout of direction. The final
head alinement consists of obtaining a more
sensitive reaction of the gyroscope to the rota-
tion of the earth. This step is accomplished by
turning the selector switch to position 3 and
nulling the indicator needle by using only the
azimuth vernier knob. The indicator needle is
nulled within one graduation of zero. Readout

h'\
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Figure 48. Single axis rate gyro.
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Figure 49. The electronic package disassembled.

of direction is accomplished by taking one posi-
tion with the theodolite to a desired mark or
reference point. These readings are then re-
corded and meaned. This gives a direction to
the reference point with the gyroscope rotating
in one direction. The selector switeh is then
turned to position 4. This causes the gyroscope
to reverse its direction of rotation. Again the
indicator needle is nulled within one graduation
of zero by using only the azimuth vernier knob.
By obtaining the relative position of the aline-
ment head with the gyroscope rotating in a
forward and a reverse motion, compensation
is made for any further bias torques not
compensated for by the calibration of the in-
strument. Readout of direction is again ac-
complished by taking one position with the
theodolite and recording and meaning the new
directions obtained. The directions obtained in
positions 3 and 4 of the selector switch are
meaned. This constitutes one set of readings.
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This process is repeated until the required
number of sets of readings are taken. The final
step is to apply grid convergence to the mean
true azimuth determined with the instrument.
This will provide the grid azimuth from the
instrument to the reference point.

180. Taking Down the Equipment

The equipment is taken down in the reverse
order from which it was set up. Before remov-
ing the alinement head from the tripod, care
must be taken to insure that the gyroscope is
no longer revolving and that all switches are
turned off. By placing the ear next to the aline-
ment head, one can determine when the gyro-
scope has stopped by the cessation of the noise
of rotation.

181. Care and Maintenance

Specific maintenance responsibilities and
procedures are covered in appropriate technical
bulletins and manuals.




CHAPTER 12-

ALTIMETER

Section |.

182. General

a. The surveying altimeter is used in artillery
survey to determine height when stations do
not have optical intervisibility. Though alti-
metry is not considered a precise method for
determining heights, during normal weather
conditions it is sufficiently accurate for artillery
survey. The altimeter is used to determine the
difference in height between two stations. This
difference in height is then applied to the height
of the known station to determine the height
of the unknown station.

b. In altimetry, altitude (height) of points
is determined from the difference in altimeter
readings caused by changes in atmospheric
pressure for different altitudes. The basic
principle of altimetry is that the pressure
caused by the weight of the column of air
above the observer decreases as the observer
rises in altitude. An assumption is made that
points of equal pressure are of equal height. If
weather conditions and instrument conditions
were always standard and never varied, it
would be possible to set up a pressure-altitude
ratio that would enable an observer to measure
the pressure at any given point and then rapid-
ly compute the altitude (height) of that point.
In altimetry this is essentially what takes
place; however, because weather conditions, in-
struments, and geological and geographical
conditions vary widely and in certain areas air
is compressed and in other areas air is rarefied,
it is not possible to set up a pressure-altitude
ratio which by itself will always produce an
accurate result. It is therefore necessary to
establish a set of standard conditions and use
this as a basis for the pressure-altitude ratio.

GENERAL

Variations from this standard set of condi-
tions would be converted to corrections and
applied as required to compensate for their
effect. The standard conditions for altimetry
as it is used by the artillery are as follows:

(1)
(2)
(3)
(4
(5)
(6)

Instrument temperature—75° F.

Air temperature—50° F.

Relative humidity—100 percent.
Latitude—45° N (S).

Altitude—(+) 45 meters (m).
Gravity acceleration—32.2 feet per
second per second (ft/sec/sec).

(7) Wind—O0 miles per hour (mph).

183. Surveying Altimeter

a. The surveying altimeter is an aneroid
barometer which measures atmospheric pres-
sure by mechanical means. The scales are so
graduated that air pressure is indicated in
units of height (meters).

b. The surveying altimeter issued to artillery
units (fig. 50) has a range under standard
conditions of 300 meters below to 4,500 meters
above mean sea level. The instrument contains
an aneroid element consisting of a single
vacuum chamber. Expansion and contraction
of this chamber are indicated by rotation of
an indicating hand and movement of a revolu-
tion indicator.

¢. The altimeter has a circular dial with four
scales, two outer and two inner, with an an-
nular mirror located between the outer and
inner scales (fig. 51). The indicating hand
makes nearly four revolutions in measuring
throughout the range of the altimeter. A
revolution indicator indicates the scale which
should be read. Zero on the dial corresponds to
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a pressure-height of 300 meters below mean
sea level under standard conditions; 4800 on
the dial corresponds to 4,500 meters above
mean sea level under standard conditions. The
least reading on the scales is 2 meters. Each
altimeter dial is custom calibrated for the
vacuum chamber and mechanical linkage with

BATTERY

which it is to be used. For this reason, the
dial, the vacuum chamber, all parts of the
mechanical linkage, and the instrument tem-
perature correction chart are not interchange-
able with corresponding parts of other alti-
meters. In the face of the dial is a
desiccant-condition indicator which becomes

SPANNER WRENCH FOR
TIGHTENING SCREW PLUGS

LIGHT DIFFUSOR

FLASH LIGHT LAMP

RHEOSTAT
AND SWITCH

LAMP SCREW PLUG

SCREW PLUG

96 Figure 50. Surveying altimeter, 4,500-meter, 2-meter divisions.




pink when moisture within the case is exces-
sive.

d. The case is airtight except for a small
vent which permits the pressure inside the
case to become equal to that outside, The case
can be made completely airtight by shifting a
movable vent cap to the closed position and
closing the lid. The vent normally is left open.
However, it should be closed when the instru-
ment is packed for shipping., A built-in night-
lighting system utilizes standard flashlight
batteries and lamps. Scale lighting is adjusted
by a switch and rheostat assembly. Batteries
should be placed in the case only for actual
night operations. A silica gel desiccant is in
a container in the lower part of the case.
Carried in the lid of the case are a reading
glass, a folding sling psychrometer, a spanner
wrench, calibration charts, correction tables,
and spare parts.
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184. Sling Psychrometer

a. A folding sling psychrometer is carried in
the lid of the altimeter. The psychrometer con-
sists of two identical Fahrenh’é‘eit thermometers
mounted side by side with a ¢loth wick on one
of them (wet bulb). Psychrgmeter readings
are made to the nearest degréZ:\,Fahrenheit, as
follows: The psychrometer is: unfolded, the
cloth wick is saturated with clean water, and
the psychrometer is revolved at a rate of 2
revolutions per second for at least 1 minute.
Temperatures are immediately read and rec-
orded, first the “wet bulb” and then the “dry
bulb.”

b. The thermometers should be checked
against a standard thermometer or against
each other. When this check is made the “wet
bulb” readings must be made 'with the wick
dry. A correction factor should be determined

ANNULAR
MIRROR

DESICCANT
INDICATOR

SCALE

INDICATING
HAND

USE OF THE ALTIMETER

Figure 51. Altimeter dial.

97



for any thermometer that does not agree within
2° of the standard or other thermometers.

185. Weather Conditions

The accuracy of heights determined by alti-
metric leveling depends on the stability of pre-
vailing weather conditions. Valid results cannot
be obtained during periods of strong or gusty
winds or during thunderstorms or other violent
weather. The best results are obtained in winds
of 10 miles per hour or less. Generally, the
hours from 1000 to 1400 are the most unstable
parts of the day and should be avoided if possi-
ble for making altimeter readings. The atmos-
pheric conditions that prevail during fog, mist,
or light rain are usually suitable for altimetric
leveling. The altimeter should be shaded from
the direct rays of the sun when readings are
being taken.

186. Care and Maintenance

a. The surveying altimeter is a delicate in-
strument although rugged enough to be used
for field survey if handled with care and pro-
tected from shock. The instrument and its ac-
cessories should be kept clean and dry. The
window of the instrument is made of clear
plastic, which scratches easily. It should be
brushed with a camel’s-hair brush to remove
dust and polished with lens tissue or a soft rag.
The window should be waxed. The instrument
should not be oiled. Oil will interfere with the
operation of the instrument and cause errone-
ous readings.

b. Artillery personnel are not authorized to
repair the instrument. They should never re-
move the window. The spare hand which is

Section Il.

187. Methods of Altimetry

a. Two methods of altimetry are employed
in artillery survey. These methods are—

(1) The single-base method (par. 194).
(2) The leapfrog method (par. 195).
b. A base station (point of known height)

'z.a.nd a field station(s) (point(s) for which
height is desired) are used in both methods.

¢. Both methods of altimetry require that
simultaneous readings of altimeter scales be
taken at the base station and at the field sta-
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issued with the instrument should be replaced
by engineer instrument repair personnel if re-
placement is necessary. :

¢. Artillery survey personnel are authorized
to remove and dry or replace the silica gel
desiccant in the instrument when the desiccant-
condition indicator turns pink. The silica gel
can be dried by heating it to 300° F. for at least
10 minutes.

d. Artillery survey personnel are authorized
to replace the lamp for the night-lighting sys-
tem when it is necessary and to insert and
remove the batteries for the night-lighting sys-
tem. The batteries should not be inserted until
the instrument is to be used at night. After
its use at night, the batteries should be re-
moved.

e. Artillery survey personnel are authorized
to replace a broken thermometer in the sling
psychrometer. A thermometer can be replaced
by removing the screw cap from the end of the
psychrometer head. The cork disc for the cap
must be in place when the cap is replaced.

f. Altimeters to be used during fieldwork
should be set so that the scale readings of all
instruments when located at the same station
will read nearly the same, preferably within 10
meters. This will simplify construction of the
comparison adjustment graph (figs. 53 and
62). The adjustment of instrument scales
should be performed by engineer instrument
repair personnel. The amount of the difference
in scale reading when two altimeters are read
simultaneously at the same station has no ef-
fect on the accuracy of the scale readings.

USE OF THE ALTIMETER

tion (s). These simultaneous scale readings, ad-
justed for instrumental differences, are com-
pared to determine the indicated difference in
height between the base station and the field
station(s). The wet and dry bulb (fig. 54)
correction is applied to the difference in ad-
justed scale readings to obtain the relative
height (s).

d. The field station and base station make
simultaneous observations after coordinating
the time by radio communication. When a
radio is not available simultaneous observations




may be made by a prearranged observing
schedule. The watch of the field station ob-
server must be synchronized with the watch of
the base station observer.

e. During normal weather conditions, a ma-
jority of the heights obtained by altimetry will
be correct within 3 meters and the maximum
error will seldom exceed 5 meters, provided the
following precautions are taken:

(1) Individual instrument temperature
correction is applied.

(2) Comparison adjustment is made.

(3) Wet and dry bulb correction is made
(fig. 54).

(4) Difference in height between base sta-
tion and field station is less than 200
meters.

(5) Distance between base station and
field station is less than 20,000 meters.

f. The artillery surveyor need not make cor-
rections for tables II and III which are con-
tained in the lid of the altimeter.

188. Reading the Scales
The altimeter scales are read as follows:

a. Place the instrument as nearly level as
possible with the dial in the horizontal posi-
tion. The instrument must be protected from
the sun and the wind.

b. Tap the window of the instrument lightly
to overcome any lag due to static electricity.

¢. Position the eye so that the indicating
hand and its reflection in the annular mirror
coincide. Care must be taken to select the
reflection of the hand and not its shadow.

d. Determine the scale which should be read
by the revolution indicator.

e. Read the proper scale under the indicat-
ing hand to the nearest 0.5 meter. The reading
glass may be used to aid in'reading the scale.

Note. Extreme care must be taken to insure that the

correct scale is read since the scales increase in value
in a counter-clockwise direction.

189. Corrections and Adjustments

a. The scale reading of each instrument
should be corrected for the individual instru-
ment temperature correction (par. 190). The
application of this correction provides the cor-
rected scale reading.

b. The comparison adjustment should be ap-
plied to the corrected scale reading of the field
station instrument (par. 191). The applica-
tion of this adjustment provides the adjusted
scale reading.

¢. The difference between the corrected scale
reading of the base station and the adjusted
scale reading of the field station should be cor-
rected for air temperature and relative humid-
ity (par. 192).
190. Individual Instrument Temperature
Correction

a. Each artillery surveying altimeter is cali-
brated at an air temperature of 75° F. If the
instrument temperature differs from 75° F., it
will change the value of the scale reading.
When maximum accuracy is required, a correc-
tion must be made for this difference.

b. The corrections for temperature differ-
ence are determined from the individual tem-
perature correction chart which is fastened in
the lid of each instrument. This chart is differ-
ent for each instrument. Figure 52 is an ex-
ample of the temperature correction chart for
one instrument. To obtain the correction which
should be applied to an instrument reading—

(1) Locate the position along the bottom
of the graph which corresponds to the
scale reading, taken to the nearest 100
meters.

(2) Project this point upward along a line
parallel to the vertical lines of the
graph to the curved line of the graph.

(3) From the point of intersection of the
projected line and the curved line,
project a second line to the left
parallel to the horizontal lines on the
graph.

(4) At the intersection of the second pro-
jected line with the left side of the
graph, determine the meters correc-
tion per degree Fahrenheit, noting the
sign of the correction.

(5) Multiply this factor by the number of
degrees by which the instrument tem-
perature at which the scale reading
was taken differs from 75° F. (The
sign of the product is the sign of the
correction.)
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Figure 52. Individual instrument temperature correction chart.

(6) Apply this value to the altimeter scale
reading. If the air temperature was
above 75° F, add the value algebrai-
cally. If the air temperature was
below 75° F., subtract the value alge-
braically. This correction provides the
corrected scale reading.

¢. The following is an example of the appli-
cation of an individual instrument temperature
correction—

(1) 2431.5 (scale reading).

(2) 50° F (instrument temperature).

(3) 75° — 50° = 25° (number of degrees
to which correction is applied).

(4) +0.07 meter (correction per degree)

. (fig. 52).

(5) 25° x 0.07 = 1.75 meters (correc-
tion).

(6) 24315 — (+1.8) = 2429.7 (cor-

rected scale reading).

191. Comparison Adjustment

a. The base station instrument is placed on
a station of known height. The field station
instrument is placed beside and at the same
height as the base station instrument. The ini-
tial comparison is made by recording the time
and the scale reading of each instrument. The
base station scale reading is recorded in the
base station field book (fig. 55). For compari-
son purposes, both the base and field corrected
scale readings are recorded in the field station
record book (figs. 53 and 62). The base sta-
tion instrument remains in the same position
throughout the altimeter survey. The field sta-
tion instrument is taken to stations of unknown
height.
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b. After the field survey is completed, the
final comparison is made at the same station
and in the same manner as the initial compari-
son (figs. 53 and 62).

¢. The time lapse between the initial and
final comparison should be held to a minimum,
less than 4 hours if possible.

d. A comparison adjustment graph is con-
structed in the field station record book by in-
serting values on the lines in the record book
(fig. 53). The procedures in preparing the

~ graph are as follows:

(1) Use initial watch time and difference
in corrected scale reading to plot the
initial comparison point on graph.

(2) Use final watch time and difference in
corrected scale reading to plot the
final comparison point on graph.

(3) Join points with a straight line.

(4) Using watch time for each reading in
the field record book as argument,
read comparison adjustment from left
side of graph.

192. Correction for Air Temperature and
Relative Humidity

a. A folding sling psychrometer is carried in
the lid of the altimeter case. The psychrometer
consists of two thermometers; the wick of one
thermometer is saturated with water to give
the wet bulb temperature, and the other is left
dry to give the dry bulb temperature. These
two factors are used to obtain the correction
to the difference in height for air temperature
and relative humidity.

b. To measure these two correction factors—

(1) Remove psychrometer from case.
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Figure 58, Comparison adjustment graph (single-base).
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(2)
(3)

(4)
(5)
(6)

Slide handle off as far as it will go.

Rotate the thermometer 180° and the
handle 90° on its link.

Saturate the wick of the wet bulb
thermometer with clean water.

Revolve thermometers two or more
times a second for at least 1 minute.

Immediately read and record the wet
bulb and then the dry bulb tempera-
tures.

(7) Repeat (5) and (6) above until two
successive readings agree within 1°.
Record the lowest reading on both the

wet and dry bulb thermometers.
¢. By knowing the wet and dry bulb tempera-
tures, the correction factor can be determined
from the chart in figure 54. The chart is en-
tered with the wet bulb temperature at the top
and the dry bulb temperature on the left hand
side, and the intersection of the two columns
is the correction to be multiplied by the differ-

TABLE 1
AIR TEMPERATURE & RELATIVE HUMIDITY CORRECTION FACTOR FOR ALTITUDE
Temparature Yet Bulb Temperature Degrees F.

Below Preezing 32 136 135 )38 |40 §42 |46 |46 | 48 [ 50 | 52 | 56 | 56 | 58 | 60 | 62 | 64 | 66
eg. F. |Poctor 32 jo.967 32
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ogical Table No. 51.
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-14 | 0,874 | 3|70 1.037)1.038}1.0381.039]1.039/1.040]1.061]1.041/1.062|1.063]1.063]1.044]1.045 611,046 7] 70
-12 | o.878 | %72 1.051]1.042]1.04211.04211.043/1.046]1.044]1.065/1.046]1,046|1,047/1,048) [1.04001.050]1. 081} 72
-10 ] 0.882 | &]7a 1.045)1.046]1.046]1.0471.047]1.0481.049]1.049]1.050[1.051|1.051]1.052]1.053|1.054{1.054] .74
-8 | 0.886 E 76 1.069]1.049]1.050{1.050]1.0511.052]1.052]1.053]1.0541.054]1.055]1.056]1.057}1.057]|1.058] 76
: -6 }o.89% g 18 1.05311.05611.056]1.055]1.055]1.056 ]1.057]1.057|1.058}1,058 | 1. Q60 2] 78
Bl - & 10.89 gao 1.057 ]1.057]1.058 1.058]1,059 1. 0]1.061}1.06211.062}1.063|1.064[1.065}1,065! 89
Hl - 2 ]o0.898 | |82 1.0611.0611.062]1.063]1.063 |1.064 [1.065]1.0651.066[1.067]1.067]1.0681.069| 82

§ 0 |o0.902 g 84 1.064 |1.065 |1.066 |1.066|1.067 {1.068 [1.068 [1.069[1.0701.070]1.071]1.0721.073
2 ]0,906 ] »|86 2069 [1.06911.070]1.071 11.071 11.07211.07311,073]1.074]1.07511.076 [1.076¢ 86
& 0.910 & 88 1.07201.07311.07311.074]1.075]1,075]1.076]1.077]1.078]1.078 |1, 079 88
6 |o0.914 90 1.07611.077]1.078 [1.078 |1.079]1.080]1.081 |1.081]1.082]1.083|1.084] 90
8 |o.919 92 EXAMPLE 07 USE OF CHART 1.080]1.081 [1.081 L.oa_;ql.oaa &{1.034 108511086 11087 1.097] 92
10 | 0.923 9 :::rlrégtzzz:n"A;r;emb9gg.;e:::: :::b"l“ 1.084 1. 085 P’&P—"y 1.087]1.088 |1.089]1.08911.090]1.091] 94
12 | 0.927 % 160°F. Pind 80 in dry bulb temporatute colum, 1L-08811.089 1.0_&1.090 1.0911.092(1.092(1.093[1.094 |1.095{ 94
14 | 0.931 98 |follow scross to 60 of wet bulb tempereture column. |[1.093]1.093]1.09411.095{1.09511.096]1.097]1.097[1.098] 98
16 [0.935 [ 100 m:;m:‘glgfxfo)lif&”?‘:;:d Sioteude  1.09601.09701.0971.098/1.099 [1.1001.100/1.101 J1.102]100
18 | 0.939 | 102 linterpolate the correction factor to the neareat .00l 1.100 J1.101 }1.102]1.102}1.103]1.1041.105 |1.106]|102
20 Jo0.943 | 108 1.10% [1.105 [1.1051.106 {1.107(1.168 ]1.128 [1.109 104
22 |0.947 | 106 1.108 |1.209 [1.110 1.121 f1.111f2,112]1.233]106
26 Jo.951 | 108 | L1220.113 01,3338, 026 1.135 01,156 11,117 {108
26 10,955 | 110 1.10612.117 1.128 1.119 11,129 110
28 | 0-959 112 1.120 1.121 1.122 1.12211.123 01,226 D12
30 lo.963 | 114 1.12501.125 [1.126 1127 1,128 118

32 ]34 [ 36 [ 38 a0 a2 as [ a6] 48] 50 521 56 56 s8] e0 ] 62 | es | 66

Figure 54.
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Temperature and humidity correction chart.




" TABLR 1

continued

AIR TEMPERATURE & REIATIVE HUOMIDITY CORRECTION FACTOR FOR ALTITUDE

Wet Bulb Temperature Degrees F.

68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100 102 | 104 106 108 110
68]1.044) 68
70]1.048]| 1,049 10

211,052]1.052]1.053 12
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Figure 54—Continued.

ence in the corrected scale reading of the base
altimeter and the adjusted scale reading of the
field altimeter. This correction should be in-
terpolated to the thousandth in table I (fig. 54).

193. Precautions and Limitations to be
Observed when Establishing Height
with Altimeters

a. The base and field altimeters should be
observed under similar conditions in the field
and protected from the sun and strong wind.
The altimeter should be shaded when it is being
moved between stations.

b. The altimeter must be in a horizontal posi-
tion when observed, preferably on a level and
stable surface.

¢. The altimeter should be cushioned against
road shock, and sudden jarring should be
avoided at all times.

d. Observations should be avoided during
midday.

e. Observations should be avoided during
thunderstorms, whirlwinds, gusty - winds, or
squalls.

f. Comparison readings should not be taken
over 4 hours apart.

g. Base and field station watches must be
synchronized.

h. The difference in height between base and
field station(s) should be less than 200 meters.

i. The field station(s) should be less than
20,000 meters from the base station.
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194. Single-Base Method .

a. The single-base method of altimetry re-
quires one station of known or assumed height
(base station). If possible, the base station
should be centrally located with respect to the
points for which the heights are desired (field
stations). In order to obtain the required ac-
curacy, the field station(s) must be within
20,000 meters horizontally and 200 meters ver-
tically of the base station. The accuracy of the
height determination will increase as the hori-
zontal and vertical distance between the base
and field station(s) decreases.

b. Techniques of observing are the same as
those discussed in paragraph 188.

¢. Recordings are made in DA Form 5-72
(Level, Transit and General Survey Record
Book). The base station recorder’s notes are
shown in figure 55. The field station recorder’s
notes are shown in figure 56. The base station
will record both wet and dry bulb temperatures.
The field station will determine comparison ad-
justment and adjusted scale reading (par. 191).
Both the base and field stations record the
following—

BRSE STRTION: 7oP

DESIGNATION _ALTrMETRY SINGLE - BASE paTE_R0 JULY  9_ko

PROCEDURES AND COMPUTATIONS

(1) Station at which observation(s) is
made.

(2) Time of observation.
(3) Instrument temperature.
(4) Scale reading.

(5) Instrument temperature correction
(par. 190).

(6) Corrected scale reading (par. 190).

d. Computations for the single-base method
are performed on DA Form 6-27 (Computation
—Altimetric Height) (fig. 57). Instructions
for the use of the form are contained on the
reverse side of the form (fig. 58). Figure 58
contains a note as to the probable results be-
cause of the deletion of certain correction fac-
tors which may be applied on the form. Also
contained on the reverse side of the form is a
height conversion section which is self-explana-
tory. Figure 57 is an example of computations
for the single-base problem shown in figures 53,
55, and 56.

195. Leapfrog Method

a. In the leapfrog method (fig. 59), two alti-
meters (A and B) are read simultaneously at a

WERTHNER. CLEAR - ARM CH OF PORTY: NELSON

INSTROMENT NR: 7776 OBSERVER: SCHOEPF

A AN A Ry REMPpAKs
7opP o500 2 603.0 - .8 602 2 wo wiko
0S50 s00 40325 - 1.0 6o02.5 I'é4 76
06’5 5 L06.0 -.7 bo05./ £9 77
06 30 96 606.5 - . 6057 90 77
o¥s0 24 Gr/¥.0 - .7 6’772
’ 2 3 “ 5 &6 7 r-4

Column 1 Base station
2 Time of observation
3 Instrument temperature
4 Base station altimeter
scale reading

5 Instrument temperature correction (par 190)

Column 6 Corrected scale reading, algebraic sum,
column 4 and 5 (par 190)
7 Base station wet bulb temperature
(par 192, a8 b)
8 Base station dry bulb temperature
(par 192, a&b)

Figure 55. Base station recorder’s notes for altimetry (single-base).
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FIELD STATson; RANGE - OSAGE- CHEROKEELE
19_&62

WEATHER . CLEAR-wWaARM CH _OF PARTY : NEL SoN

INSTRUMENT VR: _72/7

OQBITERVER : BowdEN

DESIGNATION ALTIMETRY SINGLE - BRIE patp 20 JULY

FIELD INST ScacE 25 Corars’ camPararve] 2 OIASTED REMARKS

SyrATIoN TIME TEMP HEROING | conpacTion) RERRING AOIUSTMENT | PEAOING

70P o500 97 b/2.0 + .2 b/2.2

RANGE o550 92 732.5 | 4.2 732. 7 -/0.8 72/.9 yo dyino
O3AGE 0615 96 7220 | + .2 722.2 -2 711.0
CNEROKEF | 0& 30 78 701.5 |+ 2 707.7 -1 5 6905

Tor of /10 9/ 0260 + .2 626 2

/ 2 3 & 5 o 7 &

Column 1 Field station {for comparison
adjustment the first and last
observations are alwoys made
at the base station)

2 Time of observation
3 Instrument temperature
4 Field station altimeter scale reading

Column 5 Instrument temperature correction (par 190)
6 Corrected scale reading, olgebraic sum,
column 4 and 5 (par 190)
7 Comparison adjustment (par 191)
8 Adjusted scale reading column 6 plus 7
{par 191)

Figure 56. Field station recorder’s notes for altimetry (single-base). )

base (known) station (Arbuckle). Then altim-
eter A is kept at the base station while altim-
eter B is advanced to the first field station
(BnSCP 1). The two altimeters are again read
simultaneously, and the corrected difference is
applied to the base station (Arbuckle) height
to give the height of the first field station
(BnSCP 1). Then altimeter A is taken from
the base station (Arbuckle) to the second field
station (BnSCP 2). Altimeter B, which is still
at the first field station (BnSCP 1), now be-
comes the base station. The altimeters are
again read simultaneously, and the corrected
difference is applied to the base station (BnSCP
1) height to give the height of the second field
station (BnSCP 2). Altimeter B is now ad-
vanced to the third field station (BnSCP 3),
and the same leapfrog procedures used with
the first and second field stations are repeated.
The altimeters are brought together and read
at station Gruber, and a comparison correction
is determined (fig. 62). The comparison correc-
tion should be made at every third or fourth
station.

b. The techniques of observing are the same
as those discussed in paragraph 188.

¢. Recordings are made in DA Form 5-72.
Altimeter A recorder’s notes are shown in

figure 60. Altimeter B recorder’s notes are
shown in figure 61. Both wet and dry bulb
temperatures at the time of each altimeter read-
ing will be recorded for altimeter A. Compari-
son adjustment and adjusted scale readings for
each observation will be determined for altim-
eter B (par. 191). The following is recorded
for both altimeters A and B—

(1) Station at which observation is made.

(2) Time of observation.

(3) Instrument temperature.

(4) Scale reading.

(5) Instrument temperature
(par. 190).

(6) Corrected scale reading (par. 190).

d. The recording and computation of the
leapfrog method is the same as for the single-
base method except—

(1) In the single-base method, the base
station altimeter remains at one base
station during the survey. In the leap-
frog method, altimeter A starts off at
the base station. Altimeter B advances
to the first field station and acts as
the field altimeter. Altimeter A ad-
vances to the second field station and
acts as the field altimeter at which

correction
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Figure 57. Computations, single-base method.

time altimeter B remains at the first
field station acting now as the base
station. Thus altimeters A and B
alternate as the base and field station
(fig. 59).

In the single-base method, the wet
and dry bulb temperatures are re-
corded at the time of each observation
of the base station. In the leapfrog
method, altimeter A will record the
wet and dry bulb temperature at the
time of each observation regardless of
whether it is designated base or field
station.

In the single-base method, the com-
parison adjustment is always made
on the corrected scale readings of the
field station altimeter. In the leapfrog
method, the comparison adjustment is
always made on the corrected scale
readings of altimeter B regardless of

whether it is designated base or field
station. .

e. In the leapfrog method computations are
made on DA Form 6-27 (fig. 63), the same
form which is used for single-base computa-
tions. Data used in figure 63 is taken from
sequence of observations (fig. 59), altimeter A
recorder’s notes (fig. 60), altimeter B recorder’s
notes (fig. 61), and comparison adjustment

graph (fig. 62).
f. The survey between stations where com-

parison observations are made is referred to
as a “leg’”’; i.e., FIRST LEG (figs. 59 and 62).

. 196. When Used

a. Altimetry is used in the determination of
height, when trigonometric height determina-
tion is not feasible. The situation may exist
when, because of heavy fog, optical observation
cannot be made. Under these circumstances,
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GIVEN

FOR SINGLE-SASE METHOD: For esch field staddon, sltimeter seale reading at base sutios
and adjwmted scale resding st fleld starion (aken 1 ume tme); dry bath temperanye snd wet buld
temperatme at base trathon snd ficld station (Lempezatxe ot base station interpolsted m dme of
1< +dings at field satonk beight of base etarion,

FOR LEAPFROG METHOD- For each leg; altimeter scale reading st base station and adjusted
scale readiog at lint field station (taken at .ame time); dry buld temper atwo and wet buld tempex~
ause st basc station and fisst ficld station (Laken st same time), beight of base sation  Adjusted

RESULTS

FOR SINGLE-8ASE METHOD: It can be expected that beights determined will have s maximum
error of 4 meiexs and an average emor of | 1/2 meter when wing standard are
made as prescribed,

FOR LEAPFROG METHOD: It can he es pected that heighty determined will have & maximum
arvor of 2 meters and an average enor of 1/2 meter when oxing suandard ue
made a3 prescribed,

scale reading ar flryt field wation (hase wadon for second half of leg) and siimeter tcale reading
#t second lleld wation (taken at wme time, y temperatre and wet bulb remperatme 8t

first and second fleld satoos (aken at ame time).

GuiDE

FOR LEAPFROG METHOD: Heigha of baor station for each field starion excepe the first fleld

sation i beight computed for Eevion fleld siaton,

FOR BOTH METHODS: Use known beights to aearen coe-teath mei. Couvert known height

™ meters when given io feet or yards,

Use togarithms m five places,

When known beight of beor sation io sep (16) b below 14 level, e wep (16) as a negative

valwe and proceed with computatioo,

Refer m T 6-200 for sdditions! informetion,

FORMULA

av-m+z lorrectead
base sation adjusted scale reading
leld sation adjusted scale resding
beight cortection factor

beight of fleld starion

known height of base raton

mHoNw>»0
woanuw

HEIGHT CONVERSION - BASE STATION

FEET TO METERS YARDS TO METERS
S BASE STATION Cos BASE STATION
- T T - = *
MEIOMT IN FEET 7 247 (1] | wewen mvaeos : ‘l
T t T T
LOG OF HEIGHT 3,0 95,90] 2 [vosormeicur X .
LOG COMVEESION PACTOE v e :o 1 ] 3 | Loc comversion Facror . ] :o « 11 4
i 1
4 t } }
m+m 2”5:77192 « | @im . )
MAUMBER HAVING L0G 14) = MEIGHT IN NETERS 380 T/ s | WUMBEE HAvING LOG (4) = MEIGHT IN mETEES T :
1 1 1

PO 8813598

Figure 58. Instructions for use of DA Form 6-27.

DESIGNATION

DATE o
ARBoCHLE | B 5CP/ | Bw 5cR2| Bw 5cr 3| cRUBER
A 905 |) comPRgsson
B 905
AR 930 | BF o970 FIRST 4£F¢&
BE 0950 | AF 0950
AB 1080 | BF /050
88 170 | RF 430 '
A W55 ) compresson
B /155
A START/ING STRT 70N BWSE RLTAMETER
B ISTRETING STVIT/eN FIELD RLTYIMETER
RAB RN\ RLIIMETYER swNEN\USLED RAS|GRIE RATIMETER
AF A RLT/IMETIER sHEM p3s£0 AS| FrEL D TINETER
BB G LT/imaTER wWHENM JSEO RY BRSE AUTINETER
BF B |\RATIMETER WHEN U360 HIFIELD MUTIMETER

Figure 59. Recorder’s moles for sequence of
observalions, leapfrog method.
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A RALT/IMETER

DESIGNATION ALT/METRY LEAPFROG _ DATE 19,
T ZMPARATIRE

SYATs0M TImE 7/2!»’1; Rgg’a‘/ﬂs ci‘::-.:c;noﬂ :5{5;5_:5 :l:" ‘w::— PEIMRRAS
ARBUCKLE | /505 2/ 2.0 +. 2 7/72.2

ARBvcKLE| 15 30 F2 712.5 .2 7s2. 7 79 72 10 miL€ leusTy whno
Bn SCP- 2 /550 & Y244 +~ .3 L8883 79 T
By 35cP-2| 1650 t L4 6875 | + . ¢ eF7 9 £2 7¥

CRVEER /7 3o o 7 90.0 +.3 790 3 ¢ 74

CRVBER 77355 76 79a0 +.3 790.3

Figure 60. Altimeter A recorder’s hotes for altimetry (leapfrog).

B ALTIMETER

DESIGNATION __ L7/ ETRY LERPFRIOG DATE 19.

INST CORREcTZD P_ﬁllﬁ ADIu ST & O
Srmrion | TimE ;:;v; Rz{fv:f:s pf:a",fva Re, oG assusmenT Renoine
ARBUCKLE| /Zos V 44 770.0 > .5 7/0. 5
Bw SCP-/ /7530 £2 702.0 + b 702.6 + /4 Fodl 2
Bw SCP-1 7550 F2 702.5 + .6 782/ v 1.4 Fo#. 5
By 5cF-3 | /650 Py 697.0 s .7 697 7 Py L7258
Bw ScrrF| s 750 g7 6900 + /.0 9.0 - .7 69/ 7
GRVBER | s 755 i 44 790.0 ¢ /.0 7 9.0

Figure 61. Altimeter B recorder’s notes for altimetry (leapfrog).

the horizontal location of a station may be de-  height determination in a small area with the

termined by trilateration and the height may be base station centrally located if possible.

determined by altimetry. ¢. The leapfrog method should be used for
b. The single-base method should be used for  extending height over a large area.
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r/- CoRRECTHD
merar STRT/ON\ TImE R",‘:;,;‘ STATION | TIME c;}:s;_;{:
A ARBucalE| 1505 7/2.2 | GRUBER | 1758 79/.0
8  pravexiE| ;505 210.5 | govBER | 755 790.3
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FIRST 4£6

Figure 62. Comparison adjustment graph (leapfrog).

COMPUTATION - ALTIMETRIC HEIGHT
( SHLE -SASE OR LEAPFROG METHOD)

ADJUSTRO SCALR RRADING

LIME OESIGHATION .
Base Station Arbuckle -Brn 3CP /- Bn SCP2-8n 3CP 3 - Grubsr et , or, wmem
rime of Obsarcvate /330 /550 750 730
FIELO STATION NAME
Fn 5¢cPy | 8n ScP2 aold £ Gruder
FIELO STATION T : -
' | oav suLe Tewrrmaturr aeanis (H & -
' ﬁ.ﬂ‘." ::-nnrun a0, @ .
3 ALORRRAIC SUM (1) AND (3} [uy]
4 [norm (84]
FIRLO STATION
§ | way eure TesrERATURE RRADING
EASR STATION
¢ | sy mna ATURE READING
I RUEL]
e | norm
PIRLD STATION

AL STATION Correclé@d
SCALE READING

WP (9) 1S MORE THAN (10),
usE (M = (0L SIGN (4 ),

(P (9) 13 LESS THAN (10),

DA .. 6-27

Figure 63. Computations, leapfrog method.

USE (10) - (9, SIGN (- ),
(20 ]
CORRECTION FACTOR FROM: Tagpe | 1T
e oo N el
" vasLr i (#)f . : :
NRIGNT CORRECTION PACTOR (1 + 1t 4 Il ; il : % P R : .
f T T T 1 T B - it
1 [ues0n o.on.u 0,028 16 (0030 40003/, 8/ |, X L T
T T T Ll L} T T T
14 | Lo iy 0. 929152 1 209 5 o 690 20 |7, 993 #% |, \ L s X .
u | anena P 9571/5 / 237 <8 o 720 go 21015'25 j | , X X N
1 L T T
16 | RMOWM MEIGHT OF BASR STATION 142,5} f*’ J‘, 0 < !’3 78, 7 /')J 84‘; o ! : 1 : : I
17 | numsee navino LoG (19) 4 T T T T t T 1 t
sign o - / /
e | ALORERAIC SUM (16) AKD (17) = NEIGNT ===F=3 == =5 05,9 ) 4 2| 4 L b
OF FELO STATION l3_9‘1_0_. L-’l& 7_1 LI&% o_: #3891l | | ) . s
couruTER Nedsor CHECKER XD ocw ey _sate 22 T ly G0
£D1T108 OF 1 OCT 92 «5 0850LETL
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CHAPTER 13

FIELD NOTES

197. General

a. Field notes are maintained by the recorder.
They should contain a complete record of all
measurements made during the progress of the
survey. Clarifying sketches and deseriptions
are also made.

b. All entries are printed neatly and legibly
with a sharp, hard lead pencil (4H or harder),
with enough pressure to insure permanency.
No erasures are allowed. When data has been
entered erroneously,.it is corrected by lining
through the incorrect data with a single line
and placing the correct entry above it. Entire
pages that are not to be used are lined out by
diagonal lines between opposite page corners
and are marked with the word VOID in large
letters.

¢. The recorder accompanies the instrument
operator. He records the angles and distances
measured during the survey. He records the
data in the field notebook as it is announced to
him and then reads it back to insure the cor-
rectness of the data. In surveys performed to
an accuracy of fifth-order or 1:500, the record-
er checks the distances measured by the tape-
man by pacing. In order to readily identify
that data to be furnished to the computers, the
recorder circles those values in the field note-
book. He then gives the-required data to the
computers upon request. In addition to the
measured data, the recorder makes appropri-
ate entries on each numbered page under the
remarks section., This includes information
pertinent to the survey and a sketch showing
the points for which data are recorded on that
page. The sketch should be drawn roughly to
scale and should include an arrow indicating
approximate grid north. A straightedge and
protractor should be used in making the
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sketch. The chief of party will initial each
numbered page after checking the data entered
on that page.

d. Figure 64 is an example of the data placed
on the flyleaf of the field notebook.

e. Figure 65 is an example of the index
which should be placed on the first two num-
bered pages of the field notebook.

f. Figure 66 shows the three sections of
which each numbered page consists. Note that
the facing pages of the book comprise one
numbered page. The heading will include such
information as type of survey, date, weather,
type and serial number of instrument and
names of the chief of party, instrument oper-
ator, tapemen, and recorder as appropriate.

DEPARTMENT OF THE ARMY
CORPS OF ENGINEERS

LEVEL, TRANSIT AND GENERAL SURVEY
RECORD BOOK

[ HOW BV 1 ART Y

LOCALITY

ADVANCLED UNIT 7HAINING

PROJECT

800K L OF _.3_
A2 ML THEQDOL/TE (77/6)mp 7380

INSTRUMENT

SAC [ L BROWNV

CHIEF OF PARTY

Figure 64. Example of data placed on
fyleaf of field notebook.
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peEsiGnNaTION LN DEX DATE 1960
PAGE DATE TITLE PREE DRTE Tire £

/ - Tndex

2 - Tndex Chntinueld

E4 15 st | Positren Hlree Suropy

% 16 JUL | Positron Hrea Surgey

Ea 17 JUt | Pairiin flrea Surdey

& 1P JUL | Connactiyn Survey

7 19 w0t | Sun Obskroation- Witiiude Methat

2 20 V0L | CommectArn Swrve

7 2 0L | Triengud/ation

/e 22 JOL | Sun ObRarvation | Rt -Fude ptethod
174 2 3VUL | Star Dbsproabion Hosr Prgle|Method
/2 Py JUL | Traversq

/3 29 JOL | Triangulpbson

4 7 JOL Trrangmbation Cednt )
7" RéEVUL | Sun Obs4roadsems \F/H Fnde |/Pethod
/é 27 JUL | Star Observation Woar Arely Hetheo
74 28 JUL | S rmultapacns Dédr. Mastepr

124 28 VUL | Simnttabesns Pbsp. Flank

7

Figure 65.

198. Traverse Field Notes

Figures 67 through 70 are examples of field
notes kept by a recorder for traverses.

199. Triangulation Field Notes

Figures 71 through 74 are examples of field
notes kept by a recorder for triangulation.

200. Intersection Field Notes
Intersection field notes are maintained in the

same manner as triangulation field notes (par.
199).

201. Resection Field Notes

Resection field notes are similar to field notes
for triangulation, except that the height of
target (known or estimated) and the height
of instrument (measured to the nearest 0.1
meter) are also recorded in the remarks sec-
tion.

Ezxample of the index of the field notebook.

202. Quadrilateral Field Notes

Quadrilateral field notes are similar to field
notes for trianguation.

203. Central Point Field Notes
Central point field notes are similar to field
notes for triangulation.

204. Trilateration Field  Notes

Field notes for trilateration operations are
maintained on DA Form 5-139, Field Record
and Computations-Tellurometer. Distances and
angles determined through the use of this form
and DA Form 6-7A, Computation Plane Tri-
angle may be entered in field notebook along
with appropriate remarks and sketches,

205. Altimetry Field Notes
See paragraphs 194 and 195.
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HEAOIN &

CESIGNATION DATE 19

Kecord | of

e ———————

Meatured Para

Descriftron £

Sketchk

Figure 66. Sections into which a page of the field notebook should be divided.

206. Astronomic Field Notes

a. Figures 75 and 76 are examples of entries
made by the recorder for observations made
on the”sun by the altitude method for a fifth-
order direction.

b. Figure 77 is an example of entries made
by the recorder for observations made on a
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star by the hour-angle method for a fourth-
order direction.

¢. Figure 78 is an example of entries made
by the recorder at the master station and figure
79 is an example of entries made by the record-
er at a flank station during a simultaneous
observation.
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Figure 67. Recorder’s notes for 1:500 (aiming circle) traverse.
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DESIGNATION _CONNECTION SURUEY pate_ 20 JUL 19 60 Tnsirument Nr: Transit %1899 Recorder: Cpl Seaiih -
Horizohtal A Verti{cal Oistance
Station | T Rl o ’ a ° ’ ” meters REMARKS
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Figure 68. Recorder’s notes for fifth-order (20 second transit) traverse.
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Figure 69. Recorder’s notes for fifth-order (T16 theodolite) traverse.
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Figure 70. Recorder’s notes for fourth-order (T2 theodolite) traverse.
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Figure 71. Recorder's notes for 1:500 (aiming circle) triengulation
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Figure 72. Recorder’s notes for fifth-order (20 second transit) triangulation.
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Figure 78. Recorder’s notes for fifth-order (T16 theodolite) triangulation.
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Figure 74. Recorder’s notes for fourth-order (T2 theodolite) triangulation.
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observations on the sun, altitude method.
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Figure 76. Recorder’s notes for fifth-order (T16 theodolite)
observations on the sun, altitude method.
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Figure 77. Recorder's notes for fourth-order (T2 theodolite)
observations on a star, hour angle method.
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Figure 78. Recorder’s notes made at the master station for a simultaneous observation.
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Figure 79. Recorder’s notes made at a flank station for a simultaneous observation.
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PART THREE
SURVEY METHODS AND COMPUTATIONS

CHAPTER 14
TRAVERSE

Section I.

207. General

A traverse is a succession of straight lines,
called traverse legs, connecting a succession of
established points, called traverse stations
(TS) (fig. 80). Distances along the line be-
tween these points are determined by direct
measurement, either with a 30-meter steel tape
or by other distance measuring devices. At
each traverse station, a horizontal angular
measurement is taken and used to determine
the azimuth of the next traverse leg. A vertical
angle is also measured and used to compute the
height of the next station. In artillery surveys,
the angular measurements are made by using
one of four instruments, depending on the ac-
curacy required and the echelon at which the
traverse is conducted. These instruments are
the aiming circle, the T16 theodolite, the T2
theodolite, and the transit.

Horizantal ongle

Vertical angle to
TS1 measured

Figure 80.

Vertical ongle ta
TS2 measured

0/8/

Harizontal angle

PROCEDURES

208. Types of Traverse

There are basically three types of traverse
which are used. These are open traverse,
closed traverse (two kinds: closure on second
known point and closure on starting point),
and directional traverse.

a. Open Traverse. An open traverse is any
traverse which starts at a point of known co-

-ordinates, proceeds to its destination, and does

not close. The open traverse is considered the
least desirable type of traverse because it pro-
vides no check on fieldwork. For this reason,
traverses are never deliberately left open and
are always closed as soon as possible. Open
traverses are used only when time does not
allow a closure on a known point.

b, Closed Traverse on Starting Point. A
closed traverse on the starting point is a
traverse which begins at a point of known

Ts2 Vertical angle ta point
B measured

Schematic diagram showing a traverse.
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coordinates, moves to its point of destination,
and returns to and terminates at the starting
point. This type of traverse is considered the
second best and is used when both time for
survey and limited control are considerations.
It will provide checks on fieldwork and com-
putations and will afford a basis for compari-
son to determine the accuracy of the work per-
formed.

¢. Closed Traverse on Second Known Point.
A closed traverse on a second known point is
a traverse which begins from a point of known
coordinates, moves to its destination, and then
continues to terminate at a second point of
known coordinates. It is desirable that the
point on which the traverse is closed be a point
established to an accuracy at least one degree
higher than the traverse being performed. A
closing point established to same degree of ac-
curacy as the traverse being performed is ac-
ceptable. (One exception to this is a traverse
started from a map inspected point. Little or
no value is obtained from using a map in-
spected point as an additional point for clos-
ure.) A traverse closed on a second known
point is the most preferred type of traverse. It

will provide checks on fieldwork, computations, -

and the starting coordinates as well as afford
a basis for comparison to determine the ac-
curacy of the work performed.

d. Directional Traverse. A directional trav-
erse is a type of traverse which extends direc-
tional control only. This tvpe of traverse can
be either open or closed; if open, the direc-
tional traverse should be closed at the earliest
opportunity. It can be closed either on the
starting direction, or another direction of equal
or greater accuracy, by astronomic observa-
tion, or by an azimuth gyro surveying instru-
ment. Since direction is the most critical
element of artillery survey control, it is some-
times necessary at lower echelons to map spot
battery locations and extend direction only.

209. Organization of Traverse Parties

The number of personnel authorized to per-
form survey will depend on the unit’s table of
organization and equipment (TOE). The or-
ganization of these persons into a traverse
party and the duties assigned to each member
will depend on the unit’s standing operating
procedure (SOP). The organization and duties
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of traverse party members are based on the
functional requirements of a traverse. See ap-
pendix III for detailed description of duties of
individuals.

a. Eight-Man Traverse Party.

(1) Chief of party. The chief of party
selects and marks the locations for
the traverse stations and supervises
the work of the other members of the
party. He also assists the survey offi-
cer in the reconnaissance and plan-
ning of the survey.

(2) Instrument operator. The instrument
operator measures the horizontal and
vertical angles at each traverse sta-
tion.

(3) Recorder. The recorder keeps the field
notes for the party in a field note-
book. He records the angles measured
by the instrument operator, the dis-
tance measured by the tapemen, and
all other data pertaining to the sur-
vey. The recorder is normally the
party member designated to check the
taped distances by pacing between
traverse stations.

(4) Computer. Two computers compute
the grid coordinates and height of
each traverse station as the traverse
progresses. The computers work in-
dependently and check their results
with each other.

(5) Tapeman. Two tapemen measure the
distances from one traverse station to
the next. Each tapeman keeps a rec-
ord of the distances taped. The tape-
men compare their recorded distances
before reporting the measured dis-
tance to the recorder.

(6) Rodman. The rodman assists the chief
of party in marking the traverse sta-
tions, removes the range pole from
the rear station when signaled by the
instrument operator and moves it for-
ward to the next traverse station.

b. Fourth-Order Traverse Party. The fourth-
order traverse party consists of 10 men. There
are two types of fourth-order traverse parties:

(1) Ten-man traverse party. This party
is basically the same as the eight-man
traverse party with two additional




tapemen who form a second taping
team. :

(2) Tellurometer traverse party. This
party is equipped with three T2 theo-
dolites and one tellurometer set, which
includes one master and two remote
units. The personnel are organized as
follows: one chief of party, three
instrument operators, three recorders,
two computers, and one rodman.

¢. Reduced Strength Party. Often the
authorized number of men are not available to
perform the traverse. Under such circum-
stances, other members of the survey party
may be required to perform more than one
funetion. Shortages in personnel will seldom
affect the jobs of the instrument operator or
the tapemen, since these two functions must be

performed if a traverse is to be conducted. -

Shortages will be apparent in the duties of
rodman, computer, and recorder. If the party
is short one rodman, the chief of party will
perform the duties of the rodman in addition
to his own duties. If the party is short one
computer, the recorder will also compute. If
there is no recorder, the instrument operator
will act as his own recorder. If three or more
men are absent from the party, the fieldwork
is completed, and computations are performed
later by designated personnel. Organization
of a reduced-strength party is not bound by
strict rules; however, for a party to function
when personnel shortages exist, the party mem-
bers must be trained to operate interchange-
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210. Night Traverse

Many times the artillery surveyor will be
forced to survey at night to accomplish his
mission. This can be done by a modification of
daylight techniques and organization. However,
night traverses require more work, more train-
ing, more personnel, and more coordination.

a. Equipment Required for Night Traverse.
The same equipment used in a daytime traverse
is also used in a night traverse with the addi-
tion of the necessary lighting equipment. In-
cluded in this lighting equipment are flash-
lights for all personnel and two aiming post
lights for each range pole. If aiming post lights
are not available, two flashlights for each range
pole will suffice. All lighting devices should be

equipped with a filter of some type to insure
greater light security and to prevent undue
glare in the telescope of the observing instru-
ment when it is pointed at a station. The
observing instrument should be equipped with
its organic lighting equipment.

b. Personnel. The standard traverse party
must be supplemented with additional person-
nel to enable it to function properly at night.
Three additional men who are light holders
accompany and assist the tapemen. When
possible, a fourth man is used to assist the
rodman,

¢. Angle Measuring. The same procedure is
used in measuring angles at night as in day-
light except that at night the instrument must
be equipped with a night lighting device.
The instrument operator should coordinate
with the rodman to insure that the lights on
the range poles are placed and pointed properly
and are moved to the next station when the
observation is completed.

d. Recording. The recording procedures are
the same as those for surveys during daylight
except the recorder must be supplied with a
flashlight so that he can see to record. He
should record in the remarks section of the
field notes anything which may have an effect
on the survey, such as burned out lights, only
one light on the forward station, etc.

e. Taping. For information on taping at
night see paragraph 39,

f. Communications. Communications during
a night traverse should be conducted by radio.
However, radio is not always convenient or
available and at times the survey party must
resort to light signals. These light signals
should be prearranged and simple. For ex-
ample, the instrument operator may have to
signal the rodman to raise or lower the bottom
light on a range pole or inform him to move
to the next station, etc. In arranging signals,
the -survey party should avoid waving the
lights, since a waving light may easily attract
the enemy’s attention. Every precaution should
be taken in sending light signals to avoid detec-
tion by the enemy.

211. Accuracies, Techniques, and
Specifications

In artillery survey, there are three minimum
accuracies which serve as standards for survey
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personnel to meet in both fieldwork and com-
putations. These accuracies are fourth-order
(1:3,000), fifth-order (1:1,000), and 1:500. The
term “order” includes mnot only position
accuracy but also directional accuracy. Position
accuracies are expressed as a fraction and
mean that for the unit. For example, in a
1:1,000 survey, for every 1,000 meters sur-
veyed, the allowable error is 1 meter. Fifth-
order accuracy is normally performed by field
artillery battalions. Fourth-order surveys are
normally performed by personnel of the
division artillery headquarters battery and the
target acquisition battalion at corps. Since
minimum accuracies have been established, cer-
tain specifications and techniques must be
employed to assure the surveyor that the work
he performs will produce results within the
accuracy required. These specifications and
techniques for traverse are as shown in
appendix II.

212. Traverse Regquirements

Three basic requirements for a traverse are
the distance between traverse stations, the azi-
muth of a line between successive stations, and
a vertical angle. Since the purpose of traverse
is to locate points relative to each other and
relative to a common grid, two other elements
constituting starting data are needed. The
coordinates of a starting point and an azimuth
to an azimuth mark are required. They can
be obtained through several means as indicated
in a through ¢ below.

a. Available Control. Starting control may
be available in an existing trig list, or higher
headquarters may provide data for a survey
control point. An azimuth to an azimuth mark
(starting direction) may be obtained by refer-
ence to a trig list, by computation from known
coordinates, by astronomic observation, or by
use of an azimuth gyro surveying instrument.

b. Maps. If there is no control available,
map inspection may be used to determine start-
ing coordinates and height. Starting direction
may be determined by astronomic observation,
by using an azimuth gyro surveying instru-
ment, by scaling from a map or by using a
declinated aiming circle.

¢. Assumed. When neither maps nor con-
trol are available, the coordinates and height
of the starting point may be assumed. Starting
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direction may be determined by using a dec-
linated aiming circle or by estimating from
north.

213. Fieldwork

In a traverse, three traverse stations are
considered of significance. These are referred
to as the rear station, the occupied station, and
the forward station. The rear station is that
station from which the persons performing the
traverse have just moved or a point, the azi-
muth to which is known. The occupied station
is the station at which the party is located and
over which the surveying instrument is set.
The forward station is the next station in suc-
cession and constitutes the immediate destina-
tion of the party. Field measurements for the
traverse are as follows:

a. Horizontal Angles. Horizontal angles are
always measured at the occupied station by
pointing with the instrument toward the rear
station and turning the angle clockwise to the
forward station. In measuring horizontal
angles, the instrument is sighted always at
the lowest visible point of the range pole which
marks the rear and forward stations.

b. Vertical Angles. Vertical angles are
measured at the occupied station to the height
of instrument (HI) on the range pole at the
forward station. When the distance between
two successive stations in a traverse exceeds
1,000 meters (m), then the vertical angle must
be measured reciprocally ; i.e., the vertical angle
is measured in both directions for that partic-
ular traverse leg. The purpose of this is to
eliminate errors caused by curvature and
refraction.

¢. Distance. The distance is horizontally
taped in a straight line between the occupied
station and the forward station or determined
using other distance measuring devices.

214. Use of the Range Pole

a. When the range pole is used, the point of
the shoe at the bottom of the pole is placed on
the point marking the survey station. The pole
must be vertical. It must be supported, through-
out observation on the point, by a man holding
it or by use of a range pole tripod. A level is
issued to field artillery units for insuring that
the range pole is vertical. In use, the level is
placed with the angular portion against the




pole with the circular level vial up. The range
pole then is made vertical by centering the
bubble in the level vial. The level should be
checked by verifying that the bubble is centered
at several points around the range pole. If
the range pole is held by hand, the level should
be held against the pole throughout the time
that the pole is on the station. The range pole
should mever be placed in a vertical position
during surveying except when the pole is in
use over a survey station. This will prevent
an instrument operator from measuring an
incorrect angle by sighting on the pole when it
is not over the station being used.

b. At night, the range poles are used in the
same manner as in daylight except for the
lighting devices required at the rear and for-
ward stations. Two aiming post lights should
be placed on each range pole. One of these
lights should be placed on the pole at the height
of instrument and the other at the lowest point
visible from the instrument. Both lights should
be pointed directly at the instrument. If aim-
ing post lights are not available, flashlights
may be taped or strapped to the range pole in
the same manner. To insure that the lights are
properly placed, the rodman should not leave
the range pole until the instrument operator
has indicated that the lights are visible.

215. Marking Stations

The number of stations in a traverse should
be kept to a minimum. Each station must be
visible from the preceding station. At each
station, a stake (hub) is driven flush with the

ground. The center of the top of the hub is
marked by a stake tack or by marking an X to

Section Il.

217. Azimuth and Bearing Angle
Relationship

a. The primary reason that azimuth is a
requirement of a traverse is to enable the
determination of a bearing angle. The bearing
angle of a traverse leg, not the azimuth, is the
element used in traverse computations. The
azimuth of a line may be defined as the hori-
zontal clockwise angle from a base direction.
The base direction used in artillery survey is
grid north. The bearing angle of a line is the

designate the exact location of the station. At
critical points, i.e., points where survey control
is required or which may be used in subsequent
survey operations, a reference stake is driven
into the ground so that it slopes toward the
hub (fig. 81). The name of the station is writ-
ten with a grease pencil either on the reference
stake or on a tag attached to it. To further
provide ease in identification, a strip of red
target cloth may be tied to the reference stake.

Frigure 81.

A survey station marked with a
reference stake.

216. Traverse Field Notes

For examples of field notes on traverse, see
figures 67 through 70.

COMPUTATIONS

acute angle formed by the intersection of that
line with a north-south line. Figure 82 illus-
trates the relationship between the azimuth of
a line and its bearing,

b. The manner in which bearing angles are
computed from a given azimuth depends on the
quadrant in which that azimuth lies (fig. 83).
When the azimuth is in the first quadrant, 0°-
90° (0 mils—1,600 mils), the bearing is equal
to the azimuth. When the azimuth is in the
second quadrant, 90°-180° (1,600 mils—3,200
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Azimuth of line A B=

/ 2400.0 mils

West East

Bearing of tine A B=
800.0 mils

South

Figure 82. Sketch showing azimuth-bearing
relationship.

mils), the bearing is equal to 180° (3,200 mils)
minus the azimuth. When the azimuth is in the
third quadrant, 180°-270° (3,200 mils—4,800
mils), the bearing is equal to the azimuth
minus 180° (38,200 mils). When the azimuth
is in the fourth quadrant, 270°-360° (4,800
mils—6,400 mils), the bearing is equal to 360°
(6,400 mils) minus the azimuth.

218. Coordinate Computations

a. If the coordinates of a point are known
and the azimuth and distance from that point
to a second point are known, the coordinates of
the second point can be determined. In figure
84, the coordinates of station A are known and
the coordinates of TS 1 are to be determined.
The azimuth and distance from station A to TS
1 have been determined by measuring the hori-
zontal angle Az Mk—A-TS 1 and by taping the
distance from station A to TS 1. The grid
easting and grid northing lines through both
of the points are shown. To determine the
coordinates of TS 1, it is necessary to add the
difference in easting (dE) to the easting coor-
dinates of station A, and the difference in
northing (dN) to the northing coordinates of
station A.

b. In figure 84, the traverse leg appears in
the first quadrant. It is for this reason that dE
and dN must be added to the easting and north-
ing coordinates of station A. If the traverse
leg were to appear in one of the other quad-
rants, the signs of dE and dN would change.
The sign of dE and dN is determined by the
quadrant in which the traverse leg lies (fig.
85).

Narth
Bearing = 360°(6,400 mils)—azimuth Bearing = azimuth
~r I
West East
Iox I
Bearing = azimuth-180°(3,200 mils) Bearing =180° {3,200 mils)-azimuth
Sauth

Figure 83. Sketch showing bearing angle determination.
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-1 TS

Bearing angle

TS2

Figure 84. Schematic diagram showing dE and dN requirements.

219. Determination of dE and dN

The determination of the values of dE and
dN between two points when the azimuth and
distance between those points are known re-
-quires the solution of a right triangle. In fig-
ure 84, side A-TS 1 is known because it is a
taped distance. The bearing angle at station A
is also known, since it can readily be deter-
mined from the azimuth of station A to TS 1.
Since the intersection of the north-south line
through station A and the east-west line
through station TS 1 forms a right angle
(90° or 1,600 mils), a right triangle is created
with the hypotenuse (side A-TS 1) known.

To determine dE:
Sine of bearing angle =

opposite side _ dE
hypotenuse = distance
or,

dE =sine of bearing angle x distance

To determine dN:
Cosine of bearing angle=
Adjacent side _ dN
hypotenuse — distance
or,
dN =cosine of bearing angle x distance

220. Determination of dH

In conducting a traverse, the surveyor is re-
quired to determine the height of each traverse
station. This is accomplished by determining
the difference in height (dH) between the oc-
cupied and the forward station. By using the

vertical angle at the occupied station and the
distance from the occupied station to the for-
ward station, the difference in height between
the two can be determined by solution of a
right triangle. In figure 86, the distance is the
horizontal taped distance from station A to
TS 1. The vertical angle at station A is the
vertical angle measured to HI at station TS 1.
The difference in height (dH) between the two
stations is that side of the right triangle which
requires solving.

To determine dH :
Tangent of vertical angle=

opposite side _ dH
adjacent side ~ distance
or,

dH =tangent of vertical angie x distance

dE +

dE-

TSi TS1

TSt

TS1

dE- dE+

Figure 85. Quadrant-sign relationship for dE and dN.
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Figure 86.

221. Scale Factor

The log of the scale factor is applied to the
dE and AN computations of all surveys exe-
cuted to an accuracy of fourth-order. The pur-
pose of the log scale factor is to convert
ground distance to map distance when the uni-
versal traverse mercator (UTM) grid is used.
This factor is not used in surveys to accuracies
less than fourth-order because of the low ac-
curacies of these surveys. The scale factor
value varies with the distance of the occupied
station from the central meridian of the UTM
grid zone. The scale factors are given for
every 10,000 meters east and west of central
meridian and are shown in tabulated form on
the back of DA Form 6-2. The values of the
scale factor are extracted by entering the table
on the back of the form (fig. 88) with the ap-
proximate easting value of the occupied sta-
tion to the nearest 10,000 meters.

222. DA Form 6-2

a. DA Form 6-2 (figs. 87 and 88) is used
to determine coordinates and height from azi-
muth, distance, and vertical angle.

b. Entries on the form are as shown in fig-
ure 87.

¢. Formulas to be used are shown on the
back of DA Form 6-2.

223. Reciprocal Measurement of Vertical
Angles
The effects of curvature and refraction of
lines of sight must be considered for traverse
legs in excess of 1,000 meters. These effects
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Schematic diagram showing right triangle for determination of dH.

can be compensated for by reciprocal measure-
ments of the vertical angle from each end of
such a leg. In measuring vertical angles
reciprocally, the vertical angle at each end of
the leg should be measured to the same height
above the station (normally HI). If this can-
not be done, DA Form 6-2b (Computation—
Trignometric Heights) (fig. 90), must be used
in computing the height of the forward station.

224. DA Form 6-2b

a. DA Form 6-2b (figs. 90 and 91) is used
to determine heights of forward stations when
the angles are measured reciprocally or non-
reciprocally to different heights above the sta-
tion.

b. Entries required are the vertical angles
measured, height of station, heights of instru-
ment, and heights of target.

¢. The formula to be used is shown on the
back of DA Form 6-2b.

225. Azimuth and Distance from
Coordinates

In survey operations, it is often necessary
to determine the azimuth and distance between
two stations of known coordinates. Some ex-
amples of a requirement of this nature are
computation of a starting azimuth for a survey
when the coordinates of two intervisible
points are known, computation of azimuth and
length of a target area base or the base of a
triangulation scheme, and computation of azi-
muth and distance between critical surveyed
points when swinging and sliding the grid is
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TABLE-UTM GRID SCALE FACTORS FOR ARTILLERY

Add log scale factor to log ground distance to obtain log UTM grid distance,
The easting value used to determine log UTM scale factor is easting of the
known station to nearest 10,000 meters,

EASTING OF STARTING STATION LOG SCALE FACTOR

500,000 500,000 9.9998300
490,000 510,000 9.9998300
480,000 520,000 9.9998300
470,000 530,000 9,9998300

540,000 9.9998300

,500 9.9998400
570,000 9.9998500
580,000 9,9998600
590,000 9.9998700
600,000 9.9998800
610,000 9,9998900
620,000 9.9999000
630,000 9,9999200
640,000 9,9999300
650,000 9,9999500
660,000 9.9999700
610,000 9.9999800
680,000 0.0000000
690,000 0.0000200
100,000 0.0000400
290,000 710,000 0.0000600
280,000 120,000 0.0000900
270,000 130,000 0,0001100
260,000 140,000 0.0001300
250,000 150,000 0,0001600
240,000 760,000 0.0001900
230,000 110,000 0.0002200
220,000 780,000 0.0002500
210,000 190,000 0.0002800
200,000 800,000 0.0003100
190,000 810,000 0.0003400
180,000 820,000 0,0003700
110,000 830,000 0.0004100
160,000 840,000 0.0004500
150,000 850,000 0,0004800
140,000 860,000 0.0005200
130,000 870,000 0.0005600
120,000 880,000 0.0006000
110,000 890,000 0.0006400
100,000 900,000 0.0006900

Log Seale Factor

GIVEN:
Coordinates and Height of occupied station,
Azimuth STATION to REAR STATION.
FIELD DATA:
Observe horizontal angles and vertical angles.
Tape horizontal ground distance between occupied station and forward station.

GUIDE:
Enter field data in blocks marked. D

Sign of dH; (+) when elevation angle, (-) when depression angle,
LIMITATIONS:
Ths form should not be used for vertical conuol when horizontal distance
exceeds 1,000 meters unless reciprocal vertical angles are observed and
meaned.
This computation requires that HI at occupied station and height of target
at forward station be equal.
When distance exceeds 1,000 meters or when HI and height of target are
unequal use DA Form 6-2b for more accurate vertical control.
RESULTS:
Coordinates and height of forward station,
FORMULA:
dE = dist. x Sin Bearing dN =dist. x Cos Bearing dH = dist. x tan vertical angle.

¥t U.S GOVERNMENT PRINTING OFFICE. 1933 O— 355629

Figure 88. Back of DA Form 6-2.
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COMPUTATION—TRIGONOMETERIC HEIGHTS
OCCUPIED STATION ScP 2 scP 3 '
FORWARD STATION scP ScP ¥
NORIZONTAL DISTANCE GROUND ) I | L T T T T I
BETWEEN STATIONS UTM GRID O | . | . \ . ; ;
1 1 I 1 ! |
— [ 1| AT occupiED STATION. TN AAA A A
15 HEIGHT OF TARGET —T T f I ! T T |
S ] 2| AT FORWARD STATION -, .69, /.6 % , . | .
@ 3| ALGEBRAIC SUM (1) AND (2) + I af oI : a! o |t I ! + 1 I
T T T i
=| 4| NT'FORWARD STATION. Ay SR K 2 '
5| s | ALcesRraIC sUM (3) AND (@) + : sV It I /e It : G ; I
4 . . . .
@| 6 | HEIGHT OF TARGET AT OCCUPIED STATION)+ ; / I b : /! A 22 Tl I + : ' s
>
g‘ 7| ALGEBRAIC suM (S) AND (6) h : o! ol J' 0! olt : T 1, ' '
28| 120k + : o olt : 0!0 + : [ i |
-t
€| [ verTicaL anGLE occuPiED sTATION g v + vl + rt
<[ 9| TO FORWARD STATION put 103|¢6b 013441 4{5’ | | - i
§ VERTICAL ANGLE FORWARD STATION TO ‘4. ‘ ‘4» ol ‘+ o
9] OCCUPIED STATION WITH SIGN REVERSED [~ / 03 15.2 e o |34153 — L] - |
(-
O [11] ALGEBRAIC SUM (?) AND (10) Y 2, 07 3815 1 107 38|t J' : + . :
2 T : T { + T 1 + | T
12| 1720F (1) / la3l¢7é o I4 49|t . N
= NON-RECIPROCAL ANGLES ONLY
§ VERTICAL ANGLE OCCUPIED STATION . J + vt ‘_,, rol + rd ‘
3 |12| vo FORWARD sTATION — . — L - - L
1 I T T
13| 50,0 NORIZOMTAL pIsTANCE 3.939,2/08 3 sapgzesl L.
U . T
14| LOG TAN (12) 8! 268, 7001 ooj‘ 15232 I , I ,
T | T
15| O+ (14 2! 207,92 o9 /! 55‘013“)‘5 ! 1 ! 1
IF HORIZONT AL DISTANCE IS: GRID, | ] I I 1 ] 1
FACTOR FROM
16| REVERSE; GROUND, LEAVE BLANK 9. 999 8%00(%. 999 |E¥00]| . | . {
T T T
17| a9-08 2! 2080809/, sv0 5245 | | L
> | 18] NUMBER HAVING LOG (17) USE smnor(lz)_@ : /4/!5 * E 3‘,:! 7 i* : ' + : '
v X 11 1S BLANK REPEAT (3) I 1 T ! ! |
§ 19| IF BLOCK 1 15 FILLED REPEAT (8) T o!ol* ,_o0. 0t | L . .
T T
@ {20| ALGEBRAIC SUM (18) AND (19) D s 34 7 o '
NON - RECIPROCAL ANGLES ONLY: | | | | | ] | |
CURVATURE AND REFRACTION L+ + + +
21| CORRECTION FROM REVERSE | . | . | . | .
22| ALGEBRAIC SUM (20) AND (21) WI o/ S L 3478 DR i
23| HEIGHT OF B:g:g::f: STATION + : 3 7/[ AT } 53 3.r !+ %r : + 1i ;
IF (23) IS HEIGHT OF OCCUPIED | ] | R
STATION REPEAT (22); {+ + +
| - GRS e P s e g S
{23) AND (24) = NEIGHT OF T 1 1
i ADL%%%Z;'&;UE‘J FORWARD STATION 553 / #9584 L : 1 :
COMPUTER Cpl Lnes CHECKER Col S £4 : SHEET 2 OF 2 SHMEETS
NOTEBOOK AREA DATE
REFERENCE/-/4 - 58 FoxZrot 76 Jarn 58
DA1 Fﬂ?:' 566'25 REPLACES DA FORM 6-2b, 1 OCT 52, WHICH 1S OBSOLETE.

Figure 90. Computation of heights, fourth-order survey.
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TABLE - CORREC TION FOR CURVATURE ANDREFRACTION TABLE-UTM GRID SCALE FACTORS FOR ARTILLERY
{No imerpolation necessary for Ariillesy Survey) ST
Ute only when dH 1s computed using no_n-_ggmglvuuul angles, Eas OF STARTING STATION LOG SCALE FA
SIGN ALW AYS PLUS 500, 000 500, 000 9, 9998300
nter in 490,000 510,000 9. 9998300
430,000 520, 000 8,9998300
Log Dist (M) Cor (M) 470,000 530, 000 9. 9988300
480, 000 540,000 9.9998300
3,079 1 450, 000 550, 000 9. 9998400
* ’ 440,000 560,000 9. 9998400
3.230 -2 430,000 570,000 9.9998500
3,322 .3 420,000 580, 000 9. 9998600
3.386 .4 410, 000 590,000 8, 8998700
3.435 .5 400,000 800, 000 9, 9998900
3.473 € 390, 000 810,000 9. 9988900
. : 380, 000 920, 000 9, 9999000
3,508 -1 370, 000 30, 000 9,9999200
3.537 .8 360, 000 640,000 9, 8098300
3.562 .9 380, 000 850,000 9. 9999500
3.584 1.0 340, 000 960, 000 8,8099700
3. 625 .2 330,000 910, 000 0. 8999800
. . 320, 000 €80, 000 0. 0000000
3.638 1.4 310,000 880, 000 0. 0000200
3.887 1.6 300,000 700,000 0. 0000400
3.2 1.8 290, 000 710, 000 0, 0000600
3.738 2.0 280,000 720, 000 0, 0000900
a3 784 2.5 270, 000 130, 000 0.0001100
* * 260,000 740, 000 0.0001300
3.824 3.0 250,000 750, 000 0. 0001600
3.857 3.5 240, 000 160, 000 0. 0001900
3,886 4.0 230, 000 170,000 0, 0002200
3,912 4.5 220, 000 180,000 0, 0002500
3 934 5.0 210, 000 190, 000 0.0002800
. . 200, 000 800, 000 0. 0003100
3.955 5.5 190, 000 810, 000 0. 0003400
3,974 8.0 190, 000 920, 000 0. 0003700
3.992 8.5 170, 000 830,000 0,0004100
160,000 840,000 0, 0004500
4.007 1.0 150, 000 830, 000 0. 0004800
140, 000 850, 000 0. 0005200
130, 000 810, 000 0. 0005800
120, 000 880, 000 0, 0006000
110, 000 890, 000 0. 0008400
100, 600 900, 000 0. 0006900

Given:
UTM grid distance or horizontal ground distance in imetcers between stations,
Heighe of oue station in meters,

Ficld daia:
Obscrve vertical angle berween instrument at onc station and target at other siation,
teight of instrumens,
Heigh of arget,

Guide:

Euter field daa in blocks markcd:.

When veriical augles arc obscrved in two directions, either station may be designated as the occupied station. Use
Blocks I, 11, and IV,

Whicn vertical angle is obscrved in oue direction, use Blocks L 1, and IV, Use curvature and refraction correction
from table abovc,

Elcvation of occupicd station necd not be known,

In (16), obtain approximate casting coordinaic of occupicd station from otlier computations o from map, Use this
value to obtain scale factor from table abuve,

If height of either starion in (23) is below sca level (<), add 1,000 meters algebraically to (23); proceed with computa-

tion as-indicated.  Subtract 1,000 micters algebraically from (25) to obain height of siation,
i hcight of occupicd station is usced in (23), then heighin of forward station is obtained in (25).
All angular nnits used in comnputation must.be 1he same (mils or degrces).,

Limitalion:
This computation docs nnt provide for reduction of ground distance to sea level distance,

Resnlts:
Heighttof the unknown station in mciers,

GOVERNMENT PRINTING OFFICE 1958 O—385533

Figure 91. Back of DA Form 6-2b.
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COMPUTATION - AZIMUTH ANI()”?!S;I;OA)NCE FROM COORDINATES

STATION E COORDINATE N COORDINATE AL 0 S berton AL Semm
* - € +
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Pt A 554:! /&9',l 741 3! 835’! 9-?8F¢/ "t
To. | I 1B | |
Dog s lg53 8oy 271|013 83¢ 080 39
IF A IS LESS TNAN B, REPEAT A Ar I ] Ar I I I
, . . . . @ - * 4
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LOG JE-LOG dN=LOG TAN BEARING A TOB 0'32 7L75¥ AZINUTH A TO B S I 1/7! K

IF JE IS MORE THAN dN

1F JE IS LESS THAN 4N

REPEAT LOG ¢

2! S09 I 740

REPE AT LOG oM

LOG SIN BEARING

7' ?56]466

LOG COS BEARING

LOG dE~ LOG $IN BEARING =
LOG GRIO OISTANCE A TO B IN METERS

555 074

LOG dN = LOG COS BEARING =
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LOG CONVERSION FACTOR
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O
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|
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1 AUG B

Figure 92. Computation of azimuth and distance, fifth-order survey.




necessary. The standardized form for this
computation is DA Form 6-1 (fig. 92).

226. DA Form 6-1

a. DA Form 6-1 (fig. 92) is used to deter-
mine the azimuth and distance between two
points of known coordinates,

b. Entries on the form are the coordinates
of the two known points.

¢. Formulas to be used are shown on the
front of DA Form 6-1.

227. Accuracy Ratio

a. To determine whether the minimum ac-
curacy requirements for a closed traverse have
been met, an accuracy ratio is computed. If
computation of the accuracy ratio reveals that
the minimum prescribed accuracy for the
traverse has not been met and the errors can-
not be determined, the traverse must be rerun.
An accuracy ratio is determined as a ratio
between the radical error of closure and the
total length of the traverse. This ratio is ex-
pressed as a fraction with a numerator of 1
(e.g., 1:1,000 (1/1000), 1:3,000 (1/3000)).
The radial error of closure is the linear dis-
tance between the correct coordinates of the
closing station and the coordinates of that sta-
tion as determined from the traverse. The
equation for the determination of accuracy
ratio is as follows:

Accuracy ratio =
1

total length of traverse = radial error

eN= 3.0

After computation of the accuracy ratio, the
denominator of the fraction is always reduced
to the next lower hundred (e.g., 1:1,099
becomes 1:1,000). To determine the radial
error of closure, the correct coordinates of the
closing point are compared with the traverse
coordinates of that point and the difference is
determined,

Correct coordinates
of closing point:

Traverse coordinates
of closing point:

560068.0--3838037.0

560064.0--3838040.0

eE = 4.0 eN = 3.0

The difference between the two eastings of the
closing point, error in easting (eE), forms one
side of the right triangle in figure 93; the dif-
ference between the two northings, error in
northing (eN), forms a second side. The
hypotenuse of the right triangle is the radial
error of closure.

b. The radial error may be determined by
computation on DA Form 61, by the Pytha-
gorean theorem, or by plotting eE and eN to
scale and measuring the hypotenuse. The most
common of these systems used is the Pytha-
gorean theorem, which, by using data in figure
93, would be computed as follows:

Radial error: \/(eE)*+ (eN)?
1 \/4.02+3.07
: /16.0+9.0
1 \/25.0
5.0 meters

Traverse coordinates plot here

Radial error of closuﬂ

Correct coordinates
plot here

h 4
eE=4.0

Figure 93.

Schematic diagram showing radial error of closure.
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When the radial error of closure has been
determined, one other factor is required to com-
plete the computation of the accuracy ratio.
This factor is the total length of the traverse
which is determined by adding the distances of
all traverse legs (excluding distances to offset
stations) in the traverse. Assuming that for
the radial error computed above the total
length of the traverse is 5,555 meters, the ac-
curacy would be determined as follows:

Accuracy ratio:
1
total length of traverse — radial error
1
5555 + 5.0

1

1111
1

1100

228. Closing Azimuth Error

The closing azimuth error is determined by
comparing the known closing azimuth with the
closing azimuth determined by the traverse.
The difference between the two is the closing
azimuth error. The error is considered within
tolerances if it does not exceed 0.5 mil per sta-
tion angle for a 1:500 traverse, 0.1 mil per
station angle for a fifth-order traverse, and 5
seconds per station angle for a fourth-order
traverse.

or, rounded down

Section lll. TRAVERSE ADJUSTMENT

229. Generdl

Establishing a common grid throughout an
entire corps or division artillery sector is not
as simple as it may at first appear. When ex-
tending survey control over long distances by
traverse, a traverse party may well be within
the prescribed accuracy and still be consider-
ably in error. This problem is magnified when
several traverse parties are employed to extend
control and attempt to tie their work together.
Seldom, if ever, will these parties coincide on
their linkage, but, by adjusting the traverse
throughout, some compensation will be made
for those errors which have accumulated. Tra-
verses executed to a prescribed accuracy of
fourth-order must always be closed and ad-
justed. An adjusted traverse is one in which
the errors have been distributed systematic-
ally so that the closing data as determined by
the traverse coincides with the correct closing
data. There is, of course, no possible means of
determining the true magnitude of the errors
in angle and distance measuring which occur
throughout a traverse. Traverse adjustment
is based on the assumption that the errors have
gradually accumulated, and the corrections are
made accordingly. There are three adjustments
that must be made in adjusting a traverse—
_azimuth, coordinates, and height. These ad-
justments eliminate the effects of systematic
errors on the assumption that they have been

142

constant and equal in their effect upon each
traverse leg. Blunders, such as dropped tape
lengths or misreading of angles, cannot be
compensated for in traverse adjustment. Addi-
tionally, traverses which do not meet the
prescribed standard of accuracy are not ad-
justed but are checked for error. If the error
cannot be found, the traverse must be per-
formed again from the start.

230. Sources of Errors

The sources of errors that are compensated
for by traverse adjustment are not those errors
commonly known as mistakes or blunders but
are errors that fall into one of the following
classes:

a. Instrumental errors—Errors that arise
from imperfections in, or faulty adjustment of,
the instruments with which the measurements
are taken. For example, a tape may be too
long or too short or a plate level may be out of
adjustment.

b. Personnel errors—Errors that arise from
the limitations of the human senses of sight
and touch. For example, an error may be made
in estimating the tension applied to a steel tape.

¢. Natural errors—Errors that arise from
variations in the phenomena of nature, such as
temperature, humidity, wind, gravity, refrac-
tion, and magnetic declination. For example,
the length of tape will vary directly with the




temperature ; i.e., it will become longer as the
temperature increases and shorter as the tem-
perature decreases.

231. Azimuth Adjustment

a. Determining Azimuth Correction. Since
the computation of position is in part depend-
ent on azimuth, the first step in adjusting a
traverse is to determine the azimuth error and
correct it. The azimuth error is obtained by
determining the difference between the azimuth
established by traverse (computed) and the
correct azimuth. The azimuth correction is the
azimuth error with a sign affixed which will
cause the computed azimuth, with the correc-
tion applied, to equal the correct azimuth. For
example, the correct azimuth from a point to
an azimuth mark is known to be 137° 47" 11",
The closing azimuth of a traverse to the same
azimuth mark is determined to be 137° 46" 52”.
To determine the azimuth correction, the fol-
lowing computations are performed:

Azimuth error: = correct azimuth — azi-
muth established by traverse.

187° 477 11” — 137° 46’ 52"

19”

Azimuth correction = +19”

I

b. Application of Azimuth Correction. Since
traverse adjustment is based on the assump-
tion that errors present have accumulated
gradually and systematically throughout the
traverse, the azimuth correction is applied ac-
cordingly. The correction is distributed equally
among the angles of the traverse with any re-
mainder distributed to the larger angles. For
example, assume that the traverse, for which
the azimuth correction was determined, con-
sisted of three traverse legs and four angles
as follows:.

Traverse leg Measured angle

SCP-TS 1 135° 36’ 10” (Az Mk-SCP-TS 1)
TS 1-TS 2 155° 13" 45” (SCP-TS 1-TS 2)
TS 2-SCP 211° 49’ 50” (TS 1-TS 2-SCP)

SCP (Closing) 87° 19’ 56” (TS 2-SCP-Az Mk)

To distribute the azimuth correction through-
out the traverse, divide it by the total number
of angles. In this case, +19”+4=+4" per
angle with a remainder of 3”. Each of the four
angles will be adjusted by 4” with the three
largest angles receiving an additional 1 second
each to compensate for the remaining 3 sec-
onds.

Station Measured angle Azimuth correction Adjusted angle
SCp 135° 36’ 10” +05” 135° 36’ 15"
TS 1 155° 13’ 45" +05” 155° 138’ 50"
TS 2 211° 49’ 50” +05" 211° 49’ 55"
SCP 37° 19 56" +04” 37° 20’ 00"

c. Action After Adjustment. After the

angles have been adjusted, the adjusted azi-
muth for each leg of the traverse should be
computed by using the starting azimuth and
the adjusted angles at each traverse station.
These computations should be performed on
fresh sheets of DA Form 6-2, not on the sheets
used in the original computations. The ad-
justed azimuth should be computed throughout
the entire traverse and checked against the cor-
rect azimuth to the closing azimuth mark be-
fore any of the coordinate adjustments are
begun.

232. Coordinate Adjustment

After the azimuth of each traverse leg has
been adjusted, the coordinates of the stations
in the traverse must be adjusted. The first step
in adjusting the coordinates is to recompute
the coordinates of all stations in the traverse,
using the adjusted azimuths to obtain new
bearing angles.

a. Determining Easting and Northing Cor-
rections. The easting and northing correction
for the traverse is determined by subtracting
the coordinates of the closing station (as re-
computed with the adjusted azimuth) from the
correct coordinates of the closing station.

Example:

Correction: = correct coordinates — coordinates established by traverse
: = 550554.50 — 3835829.35 (correct coordinates)
. — 550550.50 — 3835835.835 (traverse coordinates)

= +4.00 — 6.00
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b. Application of Easting and Northing Cor-
rections. The corrections determined in a
above are for the entire traverse. The assump-
tion is made that these corrections are based
on errors proportionately accumulated through-
out the traverse. To apply the correction, it
must be distributed proportionately. The
amount of easting or northing correction to be
applied to the coordinates of each station is
computed by multiplying the total correction

Easting correction at—
TS 4

(easting or northing) by the total length of
all the traverse legs up to that station and
dividing it by the total length of all of the legs
in the traverse. For example, using the total
easting and northing corrections previously de-
termined, assume that the total length of the
traverse was 22,216.89 meters and that the
total length of the traverse legs up to TS 4
was 3,846.35 meters.

= Total easting correction X traverse length to TS 4

total traverse length

= + 4.00 X 3,846.35

22,216.89

= + 15,385.40
22,216.89

= + 0.69 meter

Northing Correction at—
TS .4

= Total northing correction X traverse length to TS 4

total traverse length
— 6.00 x 3,846.35

22,216.89

— 22,478.10
22,216.89

233. Height Adjustment

Like azimuth adjustment, the height adjust-
ment is based on the assumption that the
error of closure is accumulated throughout the
traverse in equal amounts at each traverse
station.

a. Determining Height Correction. The
Ezxample:

Height correction:

— 1.04 meters

height correction is determined by comparing
the height of the closing point as established
by the traverse with the known correct height
of the closing point and applying a sign which
will cause the established height, with the cor-
rection applied algebraically, to equal the cor-
rect height.

= correct height — height established by traverse

= 478.3 meters — 477.5 meters

= + 0.8 meter

b. Application of Height Correction. The
height correction is distributed evenly through-
out all stations of the traverse with any re-
mainder distributed to those stations for which
the greatest dH was determined. The height
correction is not applied to the traverse height
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of each station but is applied to the difference
in height (dH) between each traverse station.

Traverse Adjusted
Station height dH Correction height
SCp 478.3 478.3
TS 1 486.7 + 84 +0.2______ 486.9
TS 2 495.9 + 9.2 +0.3_ .- 496.4
SCP 4715 —184 +0.3 478.3




Section 1IV. LOCATION OF TRAVERSE ERRORS

234. Analysis of Traverse for Errors

A good survey plan when executed by a well-
trained party provides for numerous checks in
both computations and fieldwork. However,
these checks do not always eliminate errors.
On the contrary, errors are made both in the
fieldwork and in computations and are often
not discovered until the survey has been com-
pleted. The surveyor should be able to isolate
these errors and determine their causes. Often
an analysis of the fieldwork and the computa-
tions of a survey in error will save hours of
repetitious labor and computations. To assist
in this analysis, the chief of survey party
should maintain in the field a sketch, to scale,
of each survey as it is being performed. If
available, a reliable map can also be used to
advantage. Upon completion of the survey, if
an error is apparent, the following considera-
tions will be made. To isolate an error in a
traverse, an assumption must be made that
only one error exists. If more than one error
exists, then it will not be possible to isolate the
errors.

235. lsolation of Distance Error

a. Indication of Distance Error. The azi-
muth for the traverse will close within the
allowable tolerance; however, the coordinate
closure will be in error beyond the limits
allowed for the prescribed accuracy.

b. Isolation of Distance Error. Compare the
known coordinates of the closing point to the
computed coordinates of that point. From this
comparison, determine the error in easting and

Radiai error of
closure 30 meters

the error in northing. Compute the distance
(radial error) and azimuth from the known
coordinates to the computed coordinates. If a
distance error had been made, the traverse
leg containing the distance error will have the
same azimuth (or back-azimuth) as the radial
error (fig. 94), and the distance error will be
approximately the same length as the radial
error. The suspected traverse leg is then re-
measured to verify the isolation of the error.
Under some circumstances, several legs with
azimuths approximating the azimuth of the
radial error may be suspected as containing
the error. In this case, check the computations
for each suspected leg. If there is no error in
the computations, then each suspected leg must
be remeasured until that leg containing the
error is found.

236.

a. Indication of Azimuth Error. The azi-
muth closure and the coordinate closure will be
in error beyond the limits allowed for the pre-
scribed accuracy.

b. Isolation of Azimuth Error. Compare the
computed azimuth to the known azimuth of the
closing point, and determine the azimuth error.
Determine the azimuth and distance of the
radial error. Construct a scaled sketch of the
traverse. Draw in the radial error, and then
construct a line perpendicular to and at the
midpoint of the radial error. Extend this line
through the area in the sketch showing the
fieldwork. The station at which the angular
error was made will be on or very near this

Isolation of Azimuth Error

30-meter
error

Figure 94. Distance error.
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extended line. Check the computations and
the field notes for that station. If no error
can be found, remeasure the angle. If the re-
measured angle compares favorably with the
original angle, then a multiple error exists and
the survey must be rerun.

c. Alternate Solution. Another procedure
which can be used when a graphical plot can-
not be made is to determine the approximate
distance of the station in error from the clos-
ing station. This is determined by using the
mil relation formula (m=w =r), the distance
of the radial error, and the azimuth error of
closure. The radial error is substituted for the
width, and the azimuth error of closure is sub-
stituted for the mills in the formula.

Exzample:

Range (in thousands) to suspected station—=
radial error =+ azimuth errors of closure,
r = W - m
100 meters — 10 mils
10 (range in thousands)
= 10,000 meters

l

Correct btry SCP

Closure error

Computed btry SCP

By using this procedure, one or more suspect
stations may be determined; and then by trial
and error procedure and systematic elimination
the suspected station in error may be located.
This is done by using the known coordinates of
the closing station and the coordinates of the
suspected station and computing the azimuth
and distance between the two. The computed
coordinates of the closing station and the
coordinates of the suspected station are used to
compute the azimuth and distance between the
two. If the error is at that station, the azi-
muths should vary by the amount of the error
of the azimuth closure of the traverse, and the
distances will be approximately the same. If
the error is not at that station, the azimuths
will disagree but not by an amount equivalent
to the azimuth closure error (fig. 95). This
procedure is repeated for each of the suspected
stations. When the suspected station has been
isolated, check the computations and field notes
for that station. If no error can be found,
remeasure the angle at the station. If the
remeasured angle compares favorably to the
original angle, rerun the entire survey.

TS!1

Azimuth error

Figure 95.
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’\Computed route of traverse party

Ts2'

Azimuth error.




CHAPTER 15

TRIANGULATION

Section |.

237. General

a. Triangulation is a method of survey which
employs triangular figures to obtain survey
data. If the values of certain elements of a
triangle are known, the values of other ele-
ments of the triangle can be computed; e.g., if
the length of one side and two angles of a
triangle are known, the size of the third angle
and the other two sides can be computed. In
the artillery the term ‘“triangulation” is re-
stricted to mean operations which involve the
measurement of all three of the angles of a
triangle. If only two angles and a side are
measured, the method is known as intersection.
If only the three sides are measured, the
method is known as trilateration. Another
method is resection, in which the coordinates
of a point are determined by measuring the

GENERAL

Figure 96. Single triangle.

GENERAL

angles between two or three unoccupied points
of known coordinates. '

b. Triangulation involves single triangles
(fig. 96) as well as chains or schemes of tri-
angles (fig. 97). In a chain of triangles, the
unknown elements are progressively solved by
using data determined by computation from
the preceding triangle.

238. Specifications and Techniques

In triangulation, certain specifications and
techniques are adhered to in both fieldwork and
computations to produce an end product of the
desired accuracy. These specifications and tech-
niques are shown in appendix II.

239. Triangulation Field Notes

Examples of triangulation field notes are
shown in figures 71 through 74.

N/
A\(
N\

L
2 X

CHAIN OF SINGLE TRIANGLES CHAIN OF QUADRILATERALS

Figure 97. Triangulation schemes.

147



Section Il. SINGI.E- TRIANGLE AND SINGLE CHAIN

240. Description and Solution of the
Single Triangle

A triangle is defined as a three-sided figure,
the sum of whose interior angles equals 180°
(3,200 mils). If the length of one side and the
value of all three interior angles are known,
the length of either unknown side may be found
by the law of sines, or a is to sin A as b is to
sin B as ¢ is to sin C (fig. 98). This then be-
comes a proportion-type problem,

a. To determine the length of side b—

b:sinB::a:sinA

b = a
sin B sin A
b = a X sin B

sin A

b. To determine the length of side c—

c:sinC ::a :sin A

c = a
sin C sin A
¢ = a X sin C

sin A

241. Survey Application of Basic Triangle

To determine the coordinates of a point from
a point of known coordinates, three items of in-
formation are needed—a vertical angle, an azi-

a b c

Schematic drawing showing law of sines.

Figure 98.
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SnA” SinB SinC

muth, and a distance. These items become the
objectives of any work in the field regardless
of the method of survey employed. To asso-
ciate the basic triangle in figure 99 with these
objectives, assume that point A on this triangle
is a point on the ground the coordinates and
height of which are to be determined by trian-
gulation. In order to accomplish this, the fol-
lowing steps must be taken:

a. Select two other points, B and C, inter-
visible to each other and point A. The coor-
dinates and height of at least one of these two
points must be known.

b. Measure the interior angles and vertical
angles at all three points with an instrument.
At the same time, establish the azimuth of one
of the sides.

c. The last item needed is the length of one
of the sides of the triangle. If the coordinates
and height of both B and C are known, the
distance between them can be computed on a
DA Form 6-1; if not known the distance must
be measured.

d. The triangle can now be solved for either
the length AB (side c¢) or length AC (side b).
In solving for one of these sides, the coordi-
nates and height of point A can then be deter-
mined. The decision as to which side to
compute will be based on distance angles.

242. Distance Angles of a Single Triangle

Distance angles are defined as those angles
in a triangle opposite the known side and the
required side (side common to an adjacent
triangle). Since in a single triangle there is no
required side, the distance angles in a single
triangle are the angles opposite the known side
and the stronger (closest to 90° or 1,600 mils)
of the remaining two angles. In a single
triangle, the side which is computed is the side
opposite the strongest angle at the base. For
example, in figure 99, it is apparent that all of
the elements needed are present to determine
the length of either side AC or AB. In this
triangle, the distance angles are at A (angle
opposite the known side) and at C (angle
closest to 90° of the remaining two angles).
The side the length of which should be deter-
mined is side AB. If the coordinates and height




of point B were known, the coordinates and
height of point A would be determined, as in
traverse by using the azimuth and distance of
side BA and the vertical angle measured at B
to A. If the coordinates of point B were not
known and the coordinates of point C were
known, the coordinates and height of point A
would be determined, again as in traverse, but
by going from C to B and then to A.

c 8
-—

2000 Meters ——

Figure 99. Schematic drawing showing distance

angles of a single triangle.

243. Description and Solution of a Single
Chain of Triangles

A single chain of triangles is a scheme of
single triangles connected by common sides. In
figure 100 side AB is common to triangles ABC
and ABD. Each of these triangles may be in-
dividually solved by using the law of sines, if
one side and the interior angles are known.

A [}

I 1

N

Figure 100. Schematic drawing showing
a single chain of triangles.

244. Survey Application of the Single
Chain of Triangles

In figure 100, assume that it is required to
locate an additional point, D, outside the single
triangle ABC. While the interior and vertical
angles at A and B were being measured, the
angles for the new triangle would also be taken.

Then the angles at point D would be measured.
All the information necessary to compute both
triangles would then be available. Note that
side AB is common to both triangles. In solv-
ing for triangle ABC, side AB would be the
required side and angle C would be its dis-
tance angle, regardless of its value,

245. Distance Angles of a Single Chain
of Triangles

As stated in paragraph 242, a distance angle
is an angle in a triangle opposite the known
side or opposite the required side (side com-
mon to an adjacent triangle). The required
side is also known as the forward line or for-
ward base, in that it will become the base for
the next triangle in the scheme. In a chain of
single triangles, the last triangle in the scheme
will be handled as a single triangle, and its
distance angles will be determined as dis-
cussed in paragraph 242, For example, in
figure 100 the distance angles in triangle ABC
are at points A (angle opposite known side
CB) and C (angle opposite required side AB),
whereas in triangle ABD, the distance angles
are at points D (side opposite known side AB
which had been solved in triangle ABC) and B
(the stronger of angles A and B).

246. Strength of Angles

The results obtained by triangulation in the
field will depend in part on the strength of the
triangular figures established. In reconnoiter-
ing for a triangulation scheme, one of the
points which the surveyor must keep in mind
is the strength of angles in the triangles which
he established. A strong angle is one which
approaches-a right angle, or 90° (1,600 mils).
As the law of sines will be used to solve the
triangulation problem, a small error in the
value of an angle near 0° will cause a relatively
large error in the sine of that angle and a cor-
responding error in the computed length of the
side opposite that angle. For this reason, dis-
tance angles must be between 2214° and 15714°
(400 mils and 2,667 mils). It is for this rea-
son that, in a single triangle, the side opposite
the stronger angle is the side computed.

247. Triangle Closure

Triangle closure is another term for adjust-
ment of the angles within a triangle. For a
figure to be a triangle, it must have three sides
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TABLE - CORRECTION FOR CURVATURE AND REFRACTION GIVEN:
Cootdinates and Height of STATION.
{No interpolation necessary for Artiilery Survey) Azimuth STATION to REAR STATION.
Use only when dH is puted using non -Reciprocal FIELD DATA:
vertical angles (Sign always plus). Observe horizontal angles A, B, and C,
Observe vertical angles to all stations of triangle,
LOG SIDE (M) CORR (M) LOG SIDE (M) CORR (M) Measure height of target (to the nearest 0.1 meter) if vertical angles are wcasured at a point other than HL
Tape base (BC) unless known from other computations,
3,079 .1 3.112 i8 GUIDE:
3.230 .2 3.738 2.0 Enter field data in blocks marked. :
3,322 .3 3.784 2.5 8C is always the know base,
3,386 .4 3.824 3.0 REAR STATION is station in triangle to which azimuth is known.
3,435 .5 3,857 3.5 STATION is the station for which survey control is known.
3.473 .8 3,886 4.0 FORWARD STATION is the station fot which survey control is desired.
3,508 .1 3.912 4.5 RECIPROCAL ANGLE is the mean of the vertical angles observed from each end of a side,
3.537 .8 3,934 5.0 NON-RECIPROCAL ANGLE is a vertical angle which has been measured from station to forward station on1y.
3,582 .8 3,955 5.5 Best results are obtained when RECIPROCAL ANGLES are used 1o compute height,
3.584 1.e A.074 8.0 ide the dff OF QB0 d apply as CORRECTION to th
3.625 1.2 3,992 6.5 Divide the difference between SUM ANGLES an (32000 into three parts and apply as T to the
3,658 1.4 N 7.0
3 g., 1.6 4.007 OBSERVED ANGLES to obtain QORRECTED ANGLES,

Compute the side (CA or BA) which forms the base of the next triangle.
LIMITATIONS

O
DISTANCE ANGLES (angies opposite the lnown base and the compuied side) should be greater than ;422014: )
ot accuracy may fall below standard,
When recip 1 or non ip 1 angles are d to a height oi target other than H1 use DA Form 6-2b

to compute height,
RESULTS: )

Coordinates and height of FORWARD STATION,

Azimuth from FORWARD STATION (A) to STATION (B or C).
FORMULAS:

Side A =282 8C . giiB.. sideBA = DARBC ¢
Sin A Sin A

1sl

1 U3 GOVORNMENT PRINTING OFFIE.1953 O—364204

Figure 102. Back of DA Form 6-8.




and the sum of the interior angles must be
180°, However, as actually measured in the
field, the sum of the angles will usually vary
from 180° by a few seconds. If this amount is
within tolerance (app II), the angles are ad-
justed to equal 180°. This is done by distribut-
ing the closure correction (the closure error
with the sign reversed) equally among the
three angles. The remainder is applied to the
larger angle(s). The following example illus-
trates the procedure for adjusting the angles of
a triangle:

Measured angles Correction Corrected angles

A = 54° 07 29" —1"_ _ 54° 07" 28"

B = 78° 30" 27" —2"_ _ 78° 30" 25"
C= 47° 22" 08" ___.___ -1 ___ 47° 22" 07"
Sum = 180° 00’ 04" Sum = 180° 00’ 00"

248. DA Form 6-8

a. DA Form 6-8 (figs. 101 and 102) is used
for the computation of triangulation schemes.
In computing single triangles or chains of
single triangles, only the front side of the form
is used. In computing quadrilaterals, both the
front and back sides of the form are used (par.
253). It is of prime importance to insure that
proper orientation is made of the triangle to
be computed in the triangular sketch on the
front of the form. The known base of the
triangle to be computed must always be repre-
sented on the sketch as in line CB. A sample
computation is shown in figure 101.

b. Entries required are as shown in figure
101 and appendix II.

¢. Formulas to be used are shown on the
back of the form (fig. 102).

249. Height Determination in Triangulation

a. Vertical angles at each end of a side
should be measured reciprocally to the height
of instrument (HI). Frequently, due to dis-
tances involved, the instrument operator must
measure the vertical angle to a target erected
over the forward station. When the vertical
angles are measured reciprocally at HI, the
heights of triangulation stations are computed
on the DA Form 6-8. If the length of the side
is greater than 1,000 meters and/or if the
vertical angle is not measured reciprocally, the
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table of curvature and refraction corrections
on the reverse side of DA Form 6-8 must be
used. To enter the table, use the log length
of the side along which the height is being ex-
tended.

b. When the vertical angle is measured to a
target erected over the station or to any point
other than height of instrument, the height of
the unknown station is computed on DA Form
6-2b (fig. 90). Complete instructions for the
use of DA Form 6-2b are contained on the
reverse side of the form (fig. 91). At each
station, the height of instrument and the
heights of any points which could conceivably
be used as a target by other parties will be
recorded. Prior to performing the computa-
tions, the parties compare notes and determine
the heights of targets and heights of instru-
ments to be used.

¢. In any tri.angulation scheme, the coordi-
nates and height of at least one station must be
known. This station is used as the starting
point to obtain the height of the next station.
The height control is extended along the for-
ward line of each triangle in the scheme. In
figure 103, using the height of point C as a
starting point, the height of point B is first
determined since the height of point A must
be computed along the forward line, BA. Once
the height of B is determined, the height of A
can be determined. Using the height of A, the
height of D is computed and from D, the
height of E is determined.

‘E

o)

Height of point C
is known. // in-
dicates forward

line.

C — B

Figure 103. Schematic drawing showing route
of trigonometric height computations.




Section lIl.

250. General

A quadrilateral is a triangulation scheme.
The difference between a quadrilateral scheme
and a single chain of triangles scheme is that
in a quadrilateral two interior angles are meas-
ured at each point, resulting in two diagonals
as shown in figure 104. In effect, the result is
two single chains of two triangles each, one
superimposed on the other; if separated, they
would appear as two single chains of triangles

QUADRILATERALS

as shown in figure 105. Triangles ABC and
ACD form one chain, and triangles ABD and
BCD form the other. It is apparent that if
side DC were of known length and side AB
were the desired side (forward line), the
length of side AB could be computed through
two separate schemes, thus introducing a check
feature into the fieldwork and computations.
For this reason, the quadrilateral scheme is
preferred over the single chain of triangles.

Forword line -
A B
Direction of control extension
Base
D c
Figure 104. Schematic drawing of a quadrilateral.
7
Jrf
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7 \ T\, ~
- s : | SO
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p 0 _BASE ___ _\ \__BASE N
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FORWARD LINE
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ONE CHAIN OF TRIANGLES
IN THE QUADRILATERAL

OTHER CHAIN OF TRIANGLES
IN THE QUADRILATERAL

Figure 105. Schematic drawing of a quadrilateral separated
into two single chains of two triangles each.
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251. Fieldwork for Quadrilaterals

Since any quadrilateral is basically a net-
work of triangles and the computations will
follow the same general form as those for
single triangles, the requirements for field-
work are similar to those previously men-
tioned. The distance angles must be greater
than 2214° (400 mils) and less than 15714°
(2,800 mils) and preferably between 30° and
150° (533 mils and 2,667 mils). The specifica-
tions for desired accuracy are identical to those
tabulated for triangulation (app. II).

252. Determining the Forward Line

When a quadrilateral is computed, it is re-
duced to single triangles, and each triangle is
computed separately. First, the azimuth and
length of the base must be determined; second,
coordinates and height of one station in the
scheme must be known ; third, the values of the
interior angles and vertical angles at each sta-
tion must be measured; and fourth, the for-
ward line must be determined in order that
its length may be computed. In a single quad-
rilateral, the forward line is always the side
opposite the known side, or the side in the di-
rection in which control is being extended (fig.
104). If the scheme contains a chain of quadri-
laterals, the forward line is that side which is
common to adjacent quadrilaterals.

253. Strength of Figures

Assume that the quadrilateral in figure 104
is to be computed. The coordinates of points
C and D are known, so the azimuth and length
of the base can be computed on a DA Form
6-1. Each point is then occupied, and the in-
terior and vertical angles are measured. Since
side CD is the known side, the opposite side
(AB) will be the forward line. The basic
quadrilateral (fig. 104) is really two single
chains of triangle (fig. 105). It would be pos-
sible to compute through both chains and ar-
rive at the coordinates and height of points A
and B and the distance between them, aver-
aging the results to obtain a final answer.
However, this method would not only be time-
consuming but could produce highly inaccurate
results. By use of strength of figures, one
chain is chosen as the principal route (R1)
through which the coordinates and length of
the forward line is computed. The other chain
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provides another route (R2) by which only
the length of the forward line is determined.
If the two log lengths in DA Form 6-8 agree
within five digits in the fifth decimal place
(0.0000500) of the mantissa, then the field-
work and the computations are assumed to be
correct. If they do not agree within the toler-
ance, then an excessive error has been made,
and the work must be rechecked.

254. Distance Angles

The strength of the distance angles in the
chain will determine which chain is to be R1
and which is to be R2. The chain containing
the stronger combination of distance angles
will produce the more accurate answer and will
be the R1 chain. The weaker chain will be the
R2 chain. To determine the stronger chain, a
table may be used (figs. 106 and 107). The
two distance angles of each triangle, rounded
off to the nearest degree or mil indicated in
the figures, are used to enter the appropriate
chart. The factors obtained for each triangle
of a given chain are then added, and the chain
containing the smaller total value is the
stronger, or R1, chain. Figure 108 illustrates
the determination of the R1 and R2 chains.
When the distance angles are used to enter the
strength of figure table, the relative strength
of the chain on the left is found to be 5 and
the relative strength of the chain on the right
is found to be 6. The chain on the left is the
R1 chain.

255. Computation of Quadrilaterals

DA Form 6-8 is used to compute quadri-
laterals (figs. 109 and 110). One form is used
to compute each quadrilateral. The R1 chain
is computed on the front of the form and the
R2 chain is computed on the back. Only the
log distance of the forward line is sought from
the R2 chain. In solving quadrilaterals, first
compute the log length of the forward line
through both chains. If the log lengths agree
within 5 in the fifth place of the mantissa, the
fieldwork and computations up to that point
are correct. Computation may then be con-
tinued to solve for the desired coordinates.
This procedure will save time, in that if the
log lengths do not agree, the previous work
must be rechecked, and the solution for the co-
ordinates would not have to be redone, which
would be the case if the entire front of the




10°112° [14° |16° |18° |20° |25° |30°]35° [40°]45° |50°|55° |60°[65°]70° |75° |80° | 85° |90°
10]428 |359
12 |359 | 259 {253
14 |315 | 253 {214 |I187
161284225 (187 |162 |143
18 |262|204|168 [143 |126 113
20]245 [180 [153 130 |113 |100
221232 |1T7T 142 |19 [103 | 9I
241221 |167 {134 | 111 95 83| 64
26213 |160 126 |104]| 89 | 77| S8
28206153 |120| 99| 83 | 72| 54| 43
30]199 |148]11S | 94| 79 | 68| SO0 | 40| 33
35/188 | 137 |[106] 85| 71 | 60| 44| 33| 27 | 23
40| 179 | 129 99| 79| 65 | 54| 38| 29| 23| 19 16
45172 |124| 93| 74| 60 | 50| 34| 251 20| 16 | 13 | 11
50|167 |19 | 89| 7O | 57 | 47| 32| 23|18 14 | N 9 8
55]|162 ] 115 86| 67| 54 | 44| 30| 21| 16 12 10 8 T 5
60159 12 | 83| 64] 5 42) 281 19|14 ] 1 9 7 5 4] 4
65|155| 109| B0O| 62| 49 | 40| 26| 18| 13 | 10 7 -] 5 4] 3 2
70152 | 106| 78| 60| 48 | 38| 25| 17 | 12 9 7 5 4 3 2 2 |
75150 | 104| 76| 58| a6 | 37| 23| 16 | 11 8| 6| a| 3| 2] 2| 1 | |
80(147| 102| T4| 57| 45| 36| 22} I5 | 10 7 5 4 3 2 ! | | (o] (o]
85|145| 100| 73| 55| 43 | 34| 21 | 14 ] 10 T 5 3 2 21 ) | (o] (o] o] O
90|143] 98] 71| 54| 42| 33| 2013 | 9 6 4 3 2 | ! | (o] (o] o| o
951140| 96} 70| 53| 4l | 32| 20 13 9 6 4 3 2 ! | (o] (o] (o] (o]
100(138} 95| 68| S1 | 40| 31 |19 | 12 8 -] 4 3 2 ! ! 0 0 0
105(136| 93| 67| 50| 39 | 30| 18 | 12 8 5 4 2 2 | ! (o] (o]
110 [ 134] 9I 65] 49| 38| 30| 18 1] T 5 3 2 2 | | |
115 |132] 89| 64| 48| 37 | 29 |17 | 1 7 5 3 2 2 | |
1201129 88| 62| 46| 36 | 28 | 16 10 T 5 3 2 2 |
125127 86| 61| 45| 35 | 27 | 16 10 7 5 4 3 2
130125 ] 84| 59)] 44| 34 ] 26| 16 10 T 5 4 3
135|122 | 82| 58| 43| 33 | 26| 16 10 T 5 4
140 [ 19 80| 56| 42| 32 | 25,16 | 10 8 6
145 | 116 77| 55| 4t | 32 | 25 | 16 1 9
150 | 112 75| 54| 40| 32| 26| I7 13
152 |11 76| 53| 40| 32 | 26 | I8
1541110 T4| 53] 41| 33 | 27 | 20
156 |[108 | 74| 54| 42| 34 | 28
158 | 107 74| 54| 43| 35 | 30
g0 11071 74! 561 451 38 | 33
162|107 | 76| 59| 48| 42
164|109 | 79| 63| 54
166|113 86| 7I
168|122 | 98
170143

Figure 106. Table for determining strength of figure factors (degrees)

form had been completed before proceeding
to the back of the form.

a. Coordinate . Computations. In a single
chain of triangles, the forward line in the last
triangle of the chain is always opposite the
stronger angle. In a chain of quadrilaterals,
the last forward line is in the R1 chain, and
it may or may not be opposite the stronger
angle in the last triangle. However, because

of the check obtained through the comparison
of the R1 and the R2 chains, the accuracy of
the coordinates obtained is assured.

b. Height Computations. Height computa-
tions in quadrilateral schemes usually involve
distances in excess of 1,000 meters, which re-
quire determination of heights by use of DA
Form 6-2b. For additional information see
paragraph 249.
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Mils 150 200 250 300 | 350 400 450 SO0 | 550 600 700 800 | 900 1000 1100 1200 | 1300 1400 1SO0 1600
150 605
200 465 334
250 391 272 212
300 347 233 176 143
350 320 210 155 123 } 104
400 300 192 139 109 [ 91 78
450 283 178 127 97 | 8O 68 58
500 272 169 119 90 | 73 6l 52 46
550 264 162 112 84| 68 56 47 4l 37
600 257 157 108 80 | 64 53 44 38 | 34 3|
700 245 147 99 72 | 87 46 38 32| 28 25 20
800 236 139 93 67| s2 al 33 28| 24 2l 17 13
900 229 133 88 62| 48 38 30 25| 21 19 1a 1l 9
1000 || 223 129 84 s9| 45 33 27 23| 19 17 12 9 7 6
1oo || 218 125 s8I 56 [ 43 33 25 21 17 15 " 8 6 5 4
1200 || 215 123 79 55| a 31 24 20| 16 1410 7 5 a 3 2
1300 || 211 n9 76 S2| 39 29 22 18] 15 3 9 6 ) 3 2 2 1
1400 || 207 u7 74 SI 37 28 2 7 14 12 8 5 4 3 2 1 1 o
1500 || 205 115 72 49| 36 27 20 16 13 " 7 L 3 2 | 1 1 o o
1600 || 202 n2 71 48 | 35 26 19 15 12 10 7 q 3 2 1 1 o o 0 o
1700 || 199 1o 69 a6 | 34 25 19 14 12 10 6 4 3 2 1 [+ o o
1800 || 196 108 67 45 | 33 24 18 14 " 9 6 a 2 2 1 o o
1900 || 193 106 66 44 | 32 23 17 3 " 9 6 4 2 1 | 1 o
2000 190 104 64 42 30 22 16 I3 10 8 5 3 2 2 [
2100 [[ 187 102 €3  4i 30 22 16 12 10 8 s 3 2 2 1
2200 || 184 99 e 40 | 29 2l 15 12 9 8 5 3 2 2
2300 18O 97 859 39 | 28 20 15 n 9 8 5 a 3
2400 176 95 s7 38 | 27 20 15 1 9 8 6 4
2500|171 92 55 36 | 26 20 15 12 0 9 7
2600|166 89 S4 36| 26 20 16 I3 nooo
2650 164 88 53 36| 26 20 16 14 12
2700 || 161 86 53 36| 27 21 17 15
2750 || 1S9 85 53 37 | 28 23 19
2800 1S5 B84 s4 38 | 31 26
2850 || 153 85 56 42 | 35
2900 151 87 60 48
2950l 153 94 7
3000l 163 12
3080 || 202

Figure 107. Table for determining strength of figure factors (mils).
A B A 8

Dlistance angles = 85°-60° = 2
Distance angles=95°- 50° = 3
Total strength of figures =5

R1

Distance angles = 85°-55° =2

Distance angles = 95°-45° = 4
Total strength of figures = 6
R2

Figure 108. Schematic drawing showing the determination of R1 and R2 chains.
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Figure 109. Solution of R1 chain, fourth-order survey.
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TABLE - CORRECTION FOR CURVATURE AND REFRACTION GIVEN: 4 . TN
Coordinates and Height of 3TA 5
(No interpolation necessary for Aniiilery Survey) Azimuth STATION to REAR STATION.
Use only when dH is puted using non-Rect al FIELD DATA:
vertical angles (Stgn aiways plus), Observe horizontal angles A, B, and C.
Observe vertical angles to all stations of trtangle.
LOG SIDE (M) CORR (M) LOG SIDE (M) CORR (M) Measure height of target (to the nearest 0.1 meter) If verttcal angles are measured at a point other than HL
Tape base (BC) unless known from other computations,
3,079 .1 3,112 1.8 GUIDE:
3,230 .2 3.738 2.0 Enter field data in blocks marked. :
3,322 .3 3,784 2.5 BC 13 always the know base.
3,386 .4 3,824 3.0 REAR STATION 1s station in tnangle to which aztmuth 1s known.
3,438 .S 3,887 3.5 STATION 13 the stanon for which survey control is known,
3.4713 .6 3,888 4,0 FORWARD STATION 13 the statlon for which survey control is desired.
3.50B .7 3.912 4.5 RECIPROCAL ANGLE 1s the mean of the vertical angles observed from each end of a slde,
3,837 .8 3,934 5.0 NON-RECIPROCAL ANGLE is a vertical angle which has been measured from statlon to forward stadon oniy.
3,562 .9 3, 955 5.5 Best results are obtained when RECIPROCAL ANGLES are used to compute helght.
3.584 e 2914 5.9 Divide the difference between SUM OF ANGLES and (o00) h d apply as CORRECTION to th
3.625 1.2 3,992 6.5 vide the difference between SU N and (3000rfy 1MtO three parts and apply as to the
1, kB
g' gg: 1 : 4.007 0 OBSERVED ANGLES to obtain CORRECTED ANGLES.
* : Compute the side (CA or BA) which forms the base of the next triangle.
LIMITATIONS 22 1/2°
DISTANCE ANGLES (angies opposite the known base and the computed side) should be greater than 5400 & )
or accuracy may fall below standard,
When reciprocal or non-reciprocal angles are measured to a height of target other than Hl use DA Form 6-2b
to compute height.
RESULTS:
Coordinates and height of FORWARD STATION.
Azimuth from FORWARD STATION (A) to STATION (B or C).
- FORMULAS:
Side CA =222 BC  ginp. sideBA s 232BC 4 gnc
Sin A Sin A

f U 5 GOVERNMENY PRINTING OFFKE 1933 O—364204

Figure 110. Solution of R2 chain, fourth-order survey.




256. Sequence in Quadrilateral
Computations

The proper steps to take in computing a
quadrilateral are as follows:
a. Isolate the quadrilateral from the quadri-
lateral scheme.
b. Determine the R1 and R2 chains.

¢. Compute the R1 chain on the front of DA
Form 6-8.

Compute the R2 chain on the back of DA
Form 6-8.

e. Compare the log distance of the forward
line.

Determine coordinates, using the R1 chain.
g. Determine heights, using DA Form 6-2b.

&

™

Section IV. CENTRAL POINT FIGURES

257. General

When it is impossible to observe the diago-
nals of a quadrilateral, the central point is
used. Two central point figures commonly used
are shown in figures 111 and 112. Central point
figures of six or more sides are not generally
used because of the excessive time and the
number of personnel required to accomplish
the fieldwork.

258. Computation of Central Point Figures

The solution of the central point scheme is
similar to the solution of the basic quadri-

lateral. The R1 and the R2 chains must be
D C
2 > 4
X
|
A 8
Figure 111. Central point quadrilateral.

determined. In figures 111 and 112, each
scheme contains two chains of triangles, one
going clockwise around the central point and
the other going counterclockwise. In figure 112
if AB were the base and DC the forward line,
the chain of triangles going clockwise would
contain four triangles and the other chain of
triangles going counterclockwise would contain
only three triangles. However, the relative
strength of the chain of four triangles may
make it the R1 chain when it is compared to
the relative strength of the chain of only three
triangles.

/32?(? /B

A

Figure 112.

Central point pentagon.

Figure 118. Schematic drawing of a three-point resection.
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COMPUTATION-COORDINATES AND HEIGHT FROM THREE-POINT RESECTION :: “""‘:‘“ ?“4 %ggrsg
REPEAT (7) 02,10
[P B onnen 104 24 08 7 (A i 165 31 00] &
} 0 . - ™ 2}
2 [ 360° oR 64004 I , T on T 179 59 60} e
"y ; i i X ,’Il : ) ss| RePEaT 29) 165 I3| 109 3
| e BYAT 104 24 04 \V />)\ o0 - o0+ ance &y 14 28 51 |2
4] {rmonAUR Cour on REW) 82 }|2 %38 v B 7| REPEAT (13) 3!862 :744| 3
s | (9= (0= ancLe & 22, || ,26 I ANV, 3| L0G sin (30) 9'998 l6693
o | osserveo ancre 01 (P) ° | t
P1 : 48 OO 150 1 {14) 13 MORE THAN (17) 1F (14) 1S LESS TNAN (17) plenra 3T|86I =4I34
7| OBSERYED ANGLE P, T 4
i 71,02 '0 ] werearoa 3815 4261 [N =rearon T o|rerearan 9.975 7642
FRoeLen i s VA 3 [ | 1w rerear ) 31733 /9123 | v Meearon A S et 3 885 (6492
o [ sevveen { 0} o { B} I4Ijll4 26 [l oo -om 0'081,5i38]»] e A 42| RePeat 12 3 839 166|9
] on s 179 59 ,6Q] " | et 50,20 45 [ ] BN AR G LS 9.917 1538
] 120r ) 70 37 |3 22| 45° om000é 45400 ;00 22| 4 om w"\ 4 4' 4l un+un ‘;‘75)_6!&_57-‘
N P |09 22 47 - an l 5 'g'o 45 || @ - \\ // e | Repeat (16) 9'87| l|682
RGO EVERYTY o e e I I o prees 885
" PP s 975 17642 2s{ Loc Tan (11) 0!453I7562 25| Loc Tan (1) ] 'L o R 3i885=6i-75
2| Qo429 9324 9118 || aa+an / \ i v 47| mePEATLD 3.885,6492 %
u| on+on 3 e|5 42 | ——— - k 1 T a:
29 61 || serearom 109 ,22 .47 || rerearon \ v °'":::':f‘::‘!7"'“" 3. 885 ,6475
13| traok Aux Cour ow kévi” 3;862 7441 || eIt 14 53 .48 | »[ S&ruy® T s e s vam nco 0.0000017|&
16| LoG s e 71 1 I (27118 @ v i L G my1s \ Y . " T T
T Zigss :;82 o TR ) TR | 126 las o Ty B | N e 01000,0008;
0 ! X 23 —— - o = 4 Il so| ReEF nvnont‘) hd
- Y :g:s!::“';’é) '{‘lw' u;—l’m) 94 ;28 ;59 L:/gl! :“l(::) ’vo' n,)o,(’m | \ ("f::”:: 15 SMALLER 3i885 %6475
TR 1600 (27) +i20) y \ 33 THAN  Yleooe [ (27) — (28) L L 3 LoG crio oisTaNCE A TO P 3.885 16483
il . o e s PAC £546.702 '94 [*3 836 848 '87[* 329 '4
::n:::‘!) Iaf ;Izg =g|8 q M w'uuW_ WITW Sion REVERSED @I 0 12'| :30 “@7 :632 573 ‘Zi)r :895 '?8 ‘"@ 48!' 3
e 28 179 59 60 ( C o 1377 52
I!F:U:Hul 9 '4| '2 t ! rereat| | T REPEAT [ | ! :::':: ! 1796 =I702 I I | [ | +l377 ]5 9
al 41, . ! n . . 1) . — .01
et 6 1 9 96“‘1!‘ 29 w(:':"‘ 3[885 I6483 w(:m’ 3‘885 |6483 _uh 3]885 6483 | | | | | * 0.0
e — 83718 T3] 2|9 997 0316 [siiil9 066 4059 i | |.681 8185 37757
TRY 96 41 29 | oL e [37882 6799 | teew 21952 0542 oo oo b T a0,
HES X #  OIFFEREWCE IN NEIGHTS OF TARGET AMD INSTRUMENT FROM GUAOE ON REVERSE sTATIoN - 0| !554:335 '67 [*3:835 953 '39 [* 373 |5 gL
[A'l';lé": ! %% CORRECTION FOR CURVATURE ANO REFRACTION FROM TABLE ON REVERSE .chl Webb CHECKE R J p— or | sweens| gt

DA ! l'(:l'l..6‘.1 l9

PREVIOUR EOITIONS OF THIS FORM ARE OBSOLETE

WU § GOVERNMENT PRINTING OFFICE 1938 O-—)7311)

Figure 114. Solution of three-point resection, fourth-order survey.
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TARE - CORRECTION FOR CURVATURE AND REFRACTION
(NO INTERPOLATION NECESSARY FOR ARTILLERY SURVEY)
(SIGN ALWATS MINUS)

Log Side (M) Con (M) Log Side (M) Cort (M)
3.079 a1 3.2 1.8
3.230 .2 3.136 2.0
3.322 3 2,784 2.5
3,386 K] 3,824 3.0
2.435 5 3,857 25
3.4M 6 d.88¢ 4.0
3,508 g 2.912 4.5
2527 8 3.934 5.0
2.562 8 3,955 5.5
3.584 1.0 3.974 6.0
3.625 1.2 3.992 6.5
3,658 1.4 4.007 2.0
2,687 1.6

AUXILIARY COMPUTATION
AZIMUTH AND DISTANCE FROM ATO B AND A TOC
STATION € CDORDINATE N COORDINATE “:; :::
FrousTaTIn A PAC +|s46702 ‘94«3 836 ,eme '87
H
onens  MAN | *|553 925 ‘95 ¢]3, 837 16136 95
Meheiy s THan e «|546 702 log [m[3 836 ,EI48 87
A A O o St |€[* 7 223 l(‘JI ™ i, )33 03 - I:,.'.1
voc e€ 31858 7182 B s o e 82,12 38
i % DETERNINE AZINUTH FRON : :
2994 7921 | HERERERE o —
- = ! a NaA f
LOC Taw SEARING 4 T0 8 .863 9261 [!z.::::: m(I)nn: FRONT] 82 :|2 :38

4

<

IF JE IS MORE TNAN dN

IF 2 13 LESS TNAN dN

REPEAT LOG ¢F

3lgss 7182

rREPE Amhu\

st

LOG 3IN BEARING ATO B

9995 9741

LDG COs BE Alm !

LOG dE - LOG SIN BEARWG=
LOG GRID OISTANCE A TO 8

3'862 744!

LOG ¢ G COS BIIARING =

RID OISTANCE A TO B

L

v

[ENTER LOGC GRID OISTANCE A TO 8 IN{(13) ON FRONT ]

STATION €  COOROMATE N COONDMATE e :::
rousamons  PAC | *|546 1902 194 |+ |3.836 ;848 |87
T 1 I
osumewc  REY  |<|553 ,398 '65 |<[3,835 ;129 'S8
eyt e u|s46 902 94 m| L |
A e et e P e 69571 % 1,719 129 |%- -
coc e 31825 7966 SamaaTrL 75 ,35 56
] OETERNINE AZIMUTII FROM 7 I
roc o 31235 3a9p| EEMRMEREE,  HIZTA38D
N N I n 1 1
I iiiaoc  [0'590 4474| mmrane 104 24 04

IF 4E IS MORE THAN 4%

IF dE IS LESS TNAM dN

REPEAT LOG dE 3 !82579 66 l:rnn}n\ /l/ I
LOG SIN BEARING A TO C 9 1986|347 +0G Co3 uny.sk‘& 1 :
IS EaBenau N [3'8396619 |LiATTRoNTEE [~

[ ENTER LOG GRID DISTANCE A TO € M (12) OM FRONT ]

GIVEN.

Coordinates of stations A, B, and C.
Height of station A,

FELD DATA-

Obierve horizontal aogles Py and Py.

Observe veriical angle to staticn A,

Measure height of instrument (1o nearest 0.1 meies).
Esumale height of warget at station A, f oot knowo,

GUILE:

Enter observed ficld data in blocks marked 1§,
When value tn (B) of computation 13 between 180° (284.'00\) and 200° (3555:), a new sation P
of new suations A,B, sod/or C munt be selected.

Find difference between heights of instrument and target as follows.

Known or Estimated I
2 | Hewght of Target + .

Measwed Height [
b | of Imument I~ .

Algebraic Sum a and b ]
¢ | [Enter, with sign, In block matked 3 ]

fntet correction for curvature and reftaction i block marked %4

LDMITATIONS:

Angles Py, Py, 8, and C should be greatet than 22 1/2° (40014) or accuracy may fail below standard.

RESULTS:

Coardinates and beight of station P,
Azimutb from station P to station A.

FORMULAS-

Tan 2 = :Cxln o
]

ll/!(lvqhmonlhan{ 800

Ta0 1/2 (C-B) = Tan (Z - 45°%) Tan 172 (B+C)
”0

8 1/2(84C) 1 tem thao {,go0 )

Ta0 172 (8-C) = Tan (€ - 45%) Tan 1/2 (4Q)

4 = an auxillary angle

AB sin P)
Tan 2 = AC T Py

¥ 1/2 (4C) b mare m-a{l:g"m}:
Tan 1/2 (8-C) = Tan (2 - 45%) Tan 1/2 (4O
¥ 1/2 (B+Q) & lesa than {Jsoon\ :

Tan 1/2 (C-B) = Tan (2 - 45% Tan 1/2 (B+C)

1oooa)

ap o AB3In B ACsnC
i Py in Py
only ip the np (alvays between 45 and 90 degrens).

Figure 115. Back of DA Form 6-19.




Section V. RESECTION

259. Three-Point Resection

Three-point resection is a method of obtain-
ing control from three known points which are
inaccessible. The fieldwork required for the
solution is relatively simple. However, before
going into the field, several factors must be
considered. In figure 113, points A, B, and C
are the known points and point P is the occu-
pied station for which coordinates are to be
determined. A map reconnaissance is of prime
importance. All points should be selected so
that angles P1, P2, C, and B are at least 2214°
(400 mils) and preferably over 30° (533 mils).
In addition, if the sum of the angles P1, P2,
and A1l is between 160° and 200° (2,845 mils
and 3,555 mils), no valid solution is possible.
Fieldwork consists of measuring angles P1
and P2 and the vertical angle from P to which-
ever known point for which the height is also
known, preferably poinft A.

260. DA Form 6-19

a. DA Form 6-19 is used for the computa-
tion of a three-point resection problem (figs.
114 and 115).

b. Entries required are the coordinates of
points A, B, and C and the horizontal angles
and vertical angle measured at point P.

c. The formulas to be used are shown on the
back of the form.

261. Two-Point Resection

Two-point resection is a method of survey
similar to three-point resection. In two-point
resection, control is obtained from two known

A

R Q

Figure 116. Schematic drawing showing
two-point resection.
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points which are inaccessible. In figure 116
points A and B are the inaccessible points of
known survey control. Points R and Q are
points from which the other three points are
vigible. This scheme resembles a quadrilateral,
except that the angles at points A and B are
not measured. As with three-point resection,
certain preliminary operations must be per-
formed. Map reconnaissance is required to
insure that all interior angles will be greater
than 2214° (400 mils) and less than 15714°
(2,800 mils) and preferably between 30° and
150° (533 mils and 2,667 mils). Also points A
and B must be visible from R and Q as well as
R and Q must be intervisible. Fieldwork will
consist of measuring angles R1, R2, Q1, and Q2
and vertical angles to A from R and Q.

262. DA Form 6-18

a. DA Form 6-18 (figs. 117 and 118) is used
for the computation of a two-point resection
problem. If only the coordinates of point R are
desired, the section labeled TO LOCATE STA-
TION Q, lines 36 to 40, are not used. Similarly,
if only the location of point Q is desired, the
section labeled TO LOCATE STATION R, lines
41 to 45, are not used.

b. Entries required are the coordinates of
the points A and B and the horizontal and
vertical angles at points R and Q.

¢. The formulas to be used are shown on
the back of the form.

263. Limitations and Use of Resection

Unless a resection (two- or three-point) has
been checked by some other means, the general
rule is that it cannot be used as a point from
which to extend survey control. However, a
battery center and the 0102 target area base
of a field artillery battalion could be located by
using a two-point or three-point resection. If
known points are available, resection probably .
would allow these points to be located more
rapidly than traversing and would allow the
unit to conduct unobserved fire much sooner.
If necessary, corrections could be made later
by traversing to a known point. Also, resection
could be used to locate any single point, to
check a location determined by some other
means of survey, or to verify points of sus-
pected known control.
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1 | osservec ancre o ) 28 '59 '501 COMPUTATION - COORDINATES AND HEIGHT FROM TWO-POINT RESECTION
2| oBsERVEQ ANGLER, )52 3| |0 (™™ 6-200)
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PREVIOUS EOITIONS OF THIS FORM ARE OBSOLETE.

THIS FORM TOGETHER WITH

OA FORWS 6-2, 6-8 ANO 6-19 REPLACES OA FORWM 6-2a, 1 OCT 52, wHICH IS OBSOLETE.

Figure 117. Solution of two-point resection, fourth-order survey.
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AUXILIARY COMPUTATION
AZIMUTH AND DISTANCE FROM A TO B

STATION

E COORDINATE N COORDINATE

PROM STATION A

>

T T T
541,835 .70 [* 13,835 ;349 'GO

TO STATION B

544,031 .60/*|3,837 ,417 '80

1P AISLESS THAN D

mlsq1 835 170 [4]3.835 ;349 100

REFEAT A
e Ta 2 tesTe o] | 2 ossls 5 | &
T AMGLE NAYING LOG TAN T T
LOG ¢E 3.34] (6126 | SrARmcaTDs 46 42 25
i } DETERMINE AZIMUTN FROM LI
o slais nes | EREREEE, |
LOG TAN BEARING A TD B 0.025 894l [‘::-lr:;"p‘u?r%:m 46 :42 :25
- ~Irae -l; wone Tl:A.N ldu B S— w ul m L!!; 'nunuu '
REFEAT LOG dE 3 !34| :6'26 REFEAT L A1 1
LDG SINBEARING A TO B 9 ' ! 454 | 106 cos sramng ! :
LOG 4E~ LOG $IN BEARING * 1064 CDS BEARING® y
LOG GRID DisTANCE A D B 13.479 ,5672 RID DISTANCE A TD 8 . L

[enTER LOG GRID DISTANCE A TO 8 IN (36) AND/OR (41) DN FRONT]

TABLE - CORRECTION FOR CURVATURE AND REFRACTION
{NO INTERPOLATION NECESSARY FOR ARTILLERY SURVEY)
(SIGN ALWAYS MINUS)

Log Side (M) Con (M) Log Side (M) Com (M)
3.079 B} N2 18
3.230 2 3,736 2.0
3.322 3 3.784 2.8
3.386 4 3.824 3.0
3.435 5 3.857 35
3473 8 3.886 4.0
3508 g 302 4.5
3.531 8 3.934 5.0
3,562 9 3.955 5.5
3.584 1.0 3,974 8.0
83.628 1.2 3.992 8.5
3.658 1.4 4.007 1.0
3,691 1.6

GIVEN:
Coordinates of stations A and B,
Height of station A,
FIELD DATA:
Observe horizontal anglesQ), Qy, Ry, and Ry,
Observe vertical angie(s) from station(s) Q or (and) R to station A,
Measure height(s) of insrument(s) at staton(s) Q or (and) R to nearest 0.1 meter.
Estimate height of target at station A, if not known,
GUIDE:
Enter observed fieid data in blocks marked :’
Find difference(s) between heights of inszument(s) and target as foilows:

STATION Q STATION R
a | Known or Estimated I I
Height of Target + 4 . 0 + 4 . 0
b | Measured Height(s) I — I
of Insrument -1 6 | '6
¢ | Algebraic Suma and b . |
(Entes, with sign, in block(s) marked #}— 2 4 |1—2 . 4

Enter correction(s) for curvature and refraction in block(s) marked. % .
LIMITATIONS:
Angles Ay, Ag, B); Bo, Q). Qy, Ry, and Rp should be greater than 22 1/2° (4001) of
accuracy may fall below specifications
RESULTS:
Coordinates and height(s) of station(s) Q or (and) R,
Azimuth(s) from station(s) Q or (and) R to station A,

FORMULAS:
Ap+By= Q)+ Ry

sin By Sin Q Sin R
Tan 2= 1 ! 1

Sin A Sin Qg Sin Ry
Tan g (By - A;) = Tany (A + By) Tan(Z - 459

Sin Ay Sin Q Sin R,
Sin B, SnQ, Sn R,

Tan (A - By) = Tan (A + Bg) Tan(Z - 45%

Tan 2=

AB Sin (B) + By)
Y

AB Stn By
Sin Ry

AQ

tions (always between

2 = an auxillary angle ired oniy in the p

45 and 90 degrees).

U. & COVREWMENT FRINTING CFFICE : 1384 O . 318

Figure 118. Back of DA Form 6-18.




Section VI.

264. General

Intersection is the method of triangulation
in which only two angles in a triangle are
measured. The third angle is determined by
subtracting the sum of the two measured angles
from 180° (3,200 mils).

265. Specifications

See appendix II for specifications and tech-
niques in triangulation.

266. Limitations

a. As in triangulation, no distance angle in
the triangle should be less than 2214° (400
mils) or greater than 15714° (2,800 mils); an
angle between 30° (533 mils) and 150° (2,667
mils) is preferred. The only exception to this
is when intersection is used in target area sur-

Section VII.

268. General

When optical intervisibility between points
and the need to extend control rapidly over
relatively long distances precludes the use of
some other method of survey, trilateration may
be used. Trilateration is a method of survey
through which control is extended by measur-
ing the lengths of the sides of a triangle and
computing the interior angles of the triangle
from these lengths. The measurements are
made using the tellurometer. This provides an
accurate and rapid means of determining the
lengths of the sides, thereby insuring deter-
mination of angles which will permit the ex-
tension of control to fourth- and fifth-order
accuracies.

269. DA Form 6-7a

a. DA Form 6-7a is used for the computa-
tion of the trilateration problem (fig. 119).

.b. Entries required for the form are the
UTM grid or sea level distances for the sides
of the triangle. The longest side is always
placed in block 1 of the form.

¢. The formulas to be used as shown on the
back of the form.

INTERSECTION

vey and then the apex angle should not be less
than 150 mils and preferably should be at least
300 mils.

b. The accuracy of location of a point estab-
lished by intersection is considered to be the
same as the accuracy with which the points
that established the base are located. However,
survey can be extended from a point located
by intersection only if that survey is of a
lower accuracy than that of the intersected
point.

267.

Intersection computations are the same as
those for triangulation except that, on the DA
Form 6-8, the unmeasured angle must be com-
puted and the angles in the triangle are not
adjusted.

Intersection Computations

TRILATERATION

d. After the angles have been computed,
they can be used in conjunction with the side
lengths to extend coordinate control, provided
a known direction is available. If sea level dis-
tances were used on DA Form 6-7a, they must
be converted to UTM grid distance when the
coordinates are computed on DA Form 6-2.
The log scale factor is used for this conversion.

270. Limitations of Trilateration

a. Due to increased lengths of the sides and
lack of optical intervisibility in some cases, di-
rection must be provided at points within the
scheme by some means other than trilateration.
This direction is carried through the computa-
tions but some means must be used to place
the direction on the ground where it can be
used.

b. For best results, trilateration schemes
should be planned so that distance angles,
when computed, exceed 2214° (400 mils) and,
preferably, exceed 30° (533 mils).

¢. Extensive map and ground reconnaissance
are required to insure sites with electrical
line-of-sight capabilities and to insure that
minimum distance angle requirements can be
met from selected positions.
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Solution of trilateration problem, fourth-order survey.




PART FOUR
ARTILLERY SURVEY OPERATIONS AND PLANNING

CHAPTER 16
FIELD ARTILLERY BATTALION AND BATTERY SURVEY OPERATIONS

Section I.

271. General

a. Paragraphs 272 through 282 cover survey
operations for all field artillery battalions and
batteries which have survey requirements, ex-
cept field artillery target acquisition battalions
and batteries. Survey operations for field artil-
lery target acquisition units are discussed in
chapter 18.

b. Survey operations are performed by sur-
vey personnel in the field artillery battalions
for the purpose of obtaining the horizontal and
vertical locations of points to be used in de-
termining firing data and for providing a
means of orienting pieces, instruments, radars,
and searchlights. Survey operations of sepa-
rate or detached batteries are performed for
the same purpose.

272. Battalion Survey Control

a. Battalion installations must be located
with respect to a common grid to permit
massing of the fires of two or more battalions.
This grid should be the grid of the next higher
echelon whenever survey control points on that
grid are available or when it is desired to mass
the fires of more than one battalion.

b. A battalion survey control point (BnSCP)
is a point provided by a higher survey echelon
for the purpose of furnishing survey control to
the battalion. More than one such point may

 be provided for a battalion.

273. Survey Control Points on Grid of
Next Higher Echelon

a. Survey control points on the grid of the

GENERAL

next higher echelon may be available in the
form of—
(1) One or more trig points in the vicin-
ity of the battalion installations.
When available, trig points should be
used as the basis for battalion survey
operations if survey control points
have not been established for the
battalion by the next higher echelon.
(2) One or more survey control points
which have been established by the
next higher echelon in the vicinity of
the battalion installations. These sur-
vey control points should be used as
the basis for battalion survey opera-

tions.
b. After he has verified that the battalion
survey data contains no error, the bhattalion

survey officer should report to his commander
and the survey officer of the next higher
echelon any differences which may exist be-
tween the battalion survey data and the data
provided by the next higher echelon.

274. Use of Assumed Data

When neither survey control points nor trig
points exist in the vicinity of the battalion
(battery) installations, the battalion (battery)
survey officer must establish a point and as-
sume data for that point. This point (and its
assumed data) establishes the battalion (bat-
tery) grid and is used as the basis for the bat-
talion (battery) survey operations. When the
next higher echelon establishes control in the
battalion (battery) area, the assumed data
must be converted to that control.
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275. Converting to Grid of Next Higher
Echelon '

a. When data for the point used as a basis
for the battalion (battery) survey operations
differ from the data for that point furnished
later by the next higher echelon, survey data
determined by the battalion (battery) will nor-
mally be converted to the grid of the next
higher echelon. The methods of converting
survey data are described in chapter 26. Un-
less the tactical situation causes the commander
to decide otherwise, battalion (battery) data
are converted when data differ by—

(1) Two mils or more in azimuth.
(2) Ten meters or more in radial error.
(83) Two meters or more in height.

b. If the next higher echelon should convert
its survey control to a different grid, the bat-
talion must also convert to that grid.

276. Use of Survey Methods

Field artillery battalion survey operations
may be performed by using any or all of the
artillery survey methods, provided the limita-
tions of the selected survey methods are not ex-
ceeded. A comparison of the different methods
is shown below.

a. Traverse. For most artillery survey oper-
ations, traverse is the best method to use be-
cause of its simplicity, speed, flexibility, and
accuracy when  performed over open terrain
for comparatively short distances. In heavily
wooded or rough terrain, the expenditure of
time in performing a traverse is extensive.

b. Triangulation. Triangulation should be
used in mountainous terrain where taping is
difficult or impossible and in rough terrain that
would require an extensive expenditure of time
to traverse. In gentle rolling or flat, treeless
terrain, triangulation should be used when a
large area is to be surveyed. In such terrain,
traverse is faster unless distances between sta-
tions exceed 1,500 to 2,000 meters. Where dis-
tances are large, triangulation will save time
and personnel. However, more extensive re-
connaissance is required for triangulation than
for traverse. Distance and angle measure-
ments to achieve any given accuracy when tri-
angulation is used must be more accurate than
for traverse.
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¢. Intersection. Locating the position of a
point by using the intersection method is rela-
tively simple and speedy. However, the method
depends on intervisibility between the ends of
the base line and the unknown point. Inter-
section must be used to locate points beyond
friendly front lines. When practicable, these
locations should be checked by intersection
from more than one base.

d. Resection. The resection method of locat-
ing a point requires very little fieldwork. Re-
section normally is used in artillery battalion
survey to establish a survey control point or
observation post(s) in areas where the only
existing control is on points which are inac-
cessible. It is used for improvement over map-
spotted or assumed data. However, any
location determined by resection must be
checked by a separate determination (prefer-
ably traverse or triangulation) at the first op-
portunity.

277. Use of Astronomic Observation

The problem of converting data to a common
grid is greatly simplified if survey personnel
use correct grid azimuth to initiate survey op-
erations. Correct grid azimuth can be obtained
by astronomic observation. Battalion survey
personnel should be trained in the determina-
tion of grid azimuth by observation of the sun
and stars using the altitude method and obser-
vation of Polaris using the hour-angle method.
They should also be trained in the transmission
of direction by simultaneous observations.

278. Division of Battalion and Battery
Survey Operations

a. The survey operations of a field artillery
battalion (separate or detached battery) con-
sist of one or more of the following:

(1) Position area survey.
(2) Connection survey.
(3) Target area survey.

b. The survey operations performed by a
field artillery battalion or a separate or de-
tached field artillery battery depend mainly on
three factors, as follows:

(1) The type of unit (including assign-
ment and mission).




(2) The availability of survey control.

(3) The amount of time available in
which to perform initial survey oper-
ations.

279. Sequence of Battalion (Battery)
Survey Operations

Battalion (battery) survey operations are
performed in the sequence listed below.

a. Planning (Which Includes Reconnais-
sance). A general discussion of survey plan-
ning is contained in chapter 20. In order to
insure maximum effectiveness, battalion (bat-
tery) survey operations should be planned and
initiated prior to the occupalion of position,
whenever possible.

b. Fieldwork. Fieldwork consists of estab-
lishing survey stations and measuring angles
and distances necessary to determine required
survey data. The assignment of personnel to
accomplish the required fieldwork is deter-
mined by the number of surveying parties
available and the unit SOP.

¢. Computations. Each survey computation
must be performed by two computers working
independently and, when possible, checked with
a slide rule by the chief of party. Whenever
possible, survey computations should be per-
formed concurrently with the determination of
field data. This will insure that errors are de-
tected and corrected al the earliest possible
time and will facilitate the early use of a sur-
veyed firing chart.

d. Plotting. After the survey data have been
determined, battalion survey personnel may be
required to prepare the firing chart (FM
6-40).

280. Survey Operations of Searchlight
Batteries

When suitable maps are not available, sur-
vey operations are performed by personnel of
searchlight batteries for the purpose of deter-
mining survey data from which light direction
personnel can determine orienting data for the
searchlights. The survey operations which
must be performed are those necessary to es-
tablish the grid coordinates and height of each
searchlight. If desired, a grid azimuth for
orientation of the searchlights may be estab-

lished and furnished to searchlight battery
personnel.

281. Survey of Alternate Positions

Survey operations for alternate positions
should be performed as soon as survey opera-
tions are completed for primary positions. The

" survey requirements for alternate positions are

identical to the requirements for primary posi-
tions.

282. Limited Time Survey

Battalion (battery) survey personnel must
provide the best firing chart and the best
means of orienting weapons in the time avail-
able. When time is a consideration, the survey
officer must plan and accomplish the survey
operations necessary to furnish the fire direc-
tion officer with an improved firing chart. The
extent of the survey conducted and the meth-
ods employed will depend primarily on the
time available. The procedures used for ac-
complishing the division of operations may be
any combination of the following:

a. Position Area.
(1) Map-spot battery centers
compass).

(2) Map-spot battery centers and estab-
lish orienting lines by directional
traverse or simultaneous observation.

(3) Map-spot battalion SCP, locate bat-
tery centers, and establish orienting
lines by open traverse from desig-
nated battalion SCP.

b. Connection Survey.

(lay by

(1) Use map for connection survey.
(2) Establish survey by firing.

(3) Employ simultaneous observation or
directional traverse from battalion
SCP to 01 or target area survey con-
trol point (TASCP).

¢. Target Area Survey.
(1) Map-spot both 01 and 02.

(2) Map-spot TASCP and short traverse
to locate 01 and 02.

(8) Map-spot TASCP and locate 01 and ~
02 by intersection from an auxiliary
base.

(4) Map-spot critical points.
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Section [I.

283. General

a. Survey control is required in the position
area of each firing battery of the field artillery
battalion (both cannon and missile) and in the
position area of the mortar platoon of the com-
bat support company of the battle group. Posi-
tion area survey is performed by battalion
(separate or detached battery) survey per-
sonnel for the purpose of—

(1) Locating weapons
radars.

(2) Providing means for
weapons and radars.

(3) Determining orienting angles for
each firing battery.

b. The position area surveys for field artil-
lery cannon and missile units are performed to
a minimum prescribed accuracy of fifth order
(1:1,000). When the TOE of the unit au-
thorizes the aiming circle M2 as the instru-
ment for position survey (separate batteries,
mortar platoons), the survey is performed to
a minimum prescribed accuracy of 1:500.

284. Terms Used in Conjunction With
Position Area Survey

The following terms are used in conjunction
with position area survey:

a. Battery Center. A point materialized on
the ground at the approximate geometric cen-
ter of the weapons position. The battery cen-
ter is the chart location of the battery (FM
6-40). (The location of the battery center is
designated by the battery commander or bat-
tery executive. The survey officer may select a
tentative battery center if the battalion (bat-
tery) SOP so states.)

b. Orienting Line (OL). A line of known
direction materialized on the ground near the
firing battery, which serves as a basis for lay-
ing for direction (FM 6-40). (The azimuth of
the orienting line is included in the data re-
ported to the fire direction center.)

¢. Orienting Station. A point on the orient-
ing line, established on the ground, at which
the battery executive sets up an aiming circle
to lay the pieces (FM 6—40). (The location of
the orienting station is designated by the bat-
tery commander or battery executive. The sur-

positions and

orienting
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vey officer may select the location of the
orienting station if the battalion (battery)
SOP so states.)

d. Registration point. A point in the target
area the location of which is known on the
ground and on the firing chart (FM 6-40).

e. Orienting angle. The horizontal, clock-
wise angle from the line of fire to the orienting
line or the orienting line extended: it is never
greater than 3,200 mils (FM 6-40). (The
orienting angle determined by survey person-
nel is computed by subtracting the azimuth of
the desired line of fire from the azimuth of
the orienting line, adding 6,400 mils if neces-
sary. For very heavy artillery, a similar angle
is determined for each piece.

f. Radar orienting point. A point which is
used to orient the radar. The radar orienting
point for field artillery radar sets is established
in a direction as nearly in the center of sector
of search of the radar as possible. (The radar
officer furnishes to the survey officer the ap-
proximate azimuth on which the radar orient-
ing point should be established.)

285. Method of Performing Position Area
Survey

a. Except when time is limited, a closed
traverse is used to perform the position area
survey. The position area survey is initiated
at a survey control point, the point that estab-
lishes the unit grid, or a station established by
the connection survey. The survey is closed
on the starting point or on a station established
to an accuracy equal to or higher than that of
the survey being performed.

b. If a terrain obstacle, such as a wide
stream, prevents the use of a closed traverse
throughout the entire position area, triangula-
tion must be used to cross the obstacle. How-
ever, the number of triangles used should be
kept to the minimum.

286. Survey for Weapens Positions

a. In surveying a weapons position, an
orienting station is established near the bat-
tery center. Normally, this point is used as one
end of the orienting line, and the traverse leg
used to establish the station is used as the
orienting line; this keeps the orienting line in

|
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the closed traverse and reduces the chance of
an error in the azimuth of the orienting line.
If a traverse leg cannot be used as the orient-
ing line, a prominent terrain object at least
300 meters away should be used. The azimuth
of this line is determined by measuring the
angle from the last traverse station to the
selected point at the orienting station. In all
cases for night operations, the orienting line
must be prepared for orientation of the wea-
pons at night; this is accomplished by placing
a stake equipped with a night lighting device
on the orienting line approximately 100 meters
from the orienting station. (When an inter-
mediate point cannot be established on the ori-
enting line, an alternate orienting line is
established on which the night orienting point
can be set up.)

b. The coordinates and height of the battery
center are determined by establishing a tra-
verse station or an offset (an open traverse
leg) from the orienting station to the battery
center. (For very heavy artillery and missile
units, the coordinates and height of each piece
or launcher are determined by an offset from
the orienting station.)

287. Survey for Radar

If the radar is not in position at the time
the survey is performed, either the stake mark-
ing the radar position or the stake marking
the radar orienting point is used as a traverse
station (1 and 2, fig. 120). If the radar is in
position at the time of the survey, the stake
marking the radar orienting point is used as
a traverse station (3, fig. 120) or as a direc-
tional traverse station (4, fig. 120). (If the
radar is in position, horizontal and vertical
angles for the radar are measured to the tele-
scope on the radar parabola.)

a. The orienting azimuth for the radar can
be determined in one of two ways—by measur-
ing, at the radar position stake, the horizontal
angle for the rear traverse station to the ori-
enting point stake (1, fig. 120) or by measur-
ing, at the orienting point stake, the horizontal
angle from the rear traverse station to the
radar position stake (2, fig. 120) or to the radar
telescope (3 and 4, fig. 120). If the azimuth is
determined at the orienting point stake, 3,200
mils must be added to, or subtracted from, the

determined azimuth to obtain the azimuth from
the radar to the orienting point stake.

b. The vertical angle for the radar can be
determined in one of two ways—by measuring,
at the radar position stake, the vertical angle to
the orienting point stake (1, fig. 120) or by
measuring, at the orienting point stake, the
vertical angle to the radar position stake (2,
fig. 120) or the radar telescope (3 and 4, 120).
(If the vertical angle is measured at the ori-
enting point stake, the vertical angle at the
radar will be opposite in sign to the measured
angle.) If the vertical angle is measured to a
stake, it must be corrected for the height of
the radar telescope about the ground. (This
correction can be determined by the mil form-
ula; i.e.,, by dividing the height above the
ground of the radar telescope (in meters) by
the taped or paced distance between the radar
position stake and the radar orienting point
stake (in thousands of meters).) If the vertical
angle is measured to the radar telescope, it is
not necessary to determine a correction for the
vertical angle. The telescope on the radar
antenna and the survey instrument are pointed
at each other. The vertical angle measured by
the survey instrument (with the sign changed)
is set on the vertical angle scale of the radar.
The vertical angle to the orienting stake is
then measured with the radar.

¢. The coordinates and the ground height of
the radar are determined from the traverse
data (1, fig. 120) or by establishing an offset
(2, 3, and 4, fig. 120). The vertical angle used
to determine the ground height of the radar is
measured to the height of instrument regard-
less of the manner by which the vertical angle
for the radar is determined. (If the vertical
angle for the radar is determined by measur-
ing to the radar telescope and the radar location
is determined by an offset from the radar ori-
enting point (8, fig. 120), a vertical angle to the
height of instrument must also be measured.)
The vertical angle to the height of instrument
is used to compute the ground height of the
radar. The height of the radar parabola is then
determined by adding to the computed ground
height of the radar the vertical distance in
meters (measured with a tape to the nmearest
0.1 of a meter) from the ground to the center of
the radar parabola.

d. If the theodolite is used to perform the
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Figure 120. Locating and orienting. a radar.

position area survey, the radar (or radar posi- The next traverse station is used as the other
tion stake) can be located by intersection (or end of the base. The base is double-taped to a
triangulation). In this case, the radar orient- comparative accuracy of 1:3,000 either by two
ing point is established and is used as a traverse  taping teams or by one taping team taping the
station. The orienting point is also used as one  base twice. The radar is located and oriented
end of an intersection (triangulation) base. as discussed in a through ¢ above.
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Section lIl.

288. General

a. Connection survey is that part of the
survey operations performed by battalion
(separate battery) survey personnel for the
purpose of locating the target area survey and
the position area survey on a common grid.

b. Connection surveys are performed to a
prescribed accuracy of fifth order.

289. Methods of Performing Connection
Survey

a. A closed traverse normally is used to per-
form the connection survey although triangula-
tion or intersection can be used when the ter-
rain is unsuitable for traverse. The connection
survey locates one or more of the target area
base observation posts or it may establish a
target area survey control point from which
target area base survey operations are initiated
by another survey party. The connection sur-
vey is initiated at a battalion SCP or the point
that establishes the battalion grid. When the
connection survey is initiated at a battalion
SCP, it may close on the battalion SCP or on

CONNECTION SURVEY

any other survey control point established to an
accuracy of 1:1,000 on the same grid as the
battalion SCP. When the connection survey is
initiated at the point that establishes the bat-
talion grid (i.e, when data for the starting
point is assumed), it must close on the starting
point. (This point does not become the bat-
talion SCP unless survey control for the point
is established by the next higher echelon of
survey.)

b. The survey party performing the connec-
tion survey must locate at least one observation
post (designated 01) of the target area base or
a target area survey control point (TASCP).
The coordinates, the height, and an azimuth
from which the azimuth of the bases may be
determined for the target area observation
post(s) are furnished to the survey party per-
forming the target area survey.

¢. In many cases, heavy or very heavy
artillery units need no connection survey. If
target area survey operations are to be per-
formed, the control is obtained from that con-
trol which is based on the same grid established
by a light or medium unit.

Section IV. TARGET AREA SURVEY

290. General

a. Target area survey is that part of the
survey operations performed by battalion (de-
tached battery) survey personnel for the pur-
pose of establishing the target area base and
locating critical points in the target area; i.e.,
registration point(s) and restitution points.

b. Critical points are surveyed to minimum
prescribed accuracies of 1:500.

¢. The target area base when established by
the target area survey party is surveyed to a
minimum accuracy of fifth order.

291. Terms Used in Conjunction With
Target Area Survey
a. Target Area Base. A target area base con-
sists of two or more observation posts which
are used to locate the critical points in the
target area and/or targets of opportunity and
to conduct center-of-impact and high-burst

registrations. (When there are more than two
observation posts, any two of them form an
intersection base. The controlling observation
post is designated 01, whether it is on the right
or left end of the target area base; the auxiliary
observation posts are designated 02, 03, etec.
(FM 6-40).)

b. Azimuth Mark for Target Area Observa-
tion Post. An azimuth mark which is used to
orient the instrument is established at the
target area base for each observation post. The
azimuth to the azimuth mark may be deter-
mined by using the back-azimuth of a traverse
or intersection leg used to locate the observa-
tion post, by computing the direction to some
well-defined known point, or by using the ad-
jacent observation post (where OP’s are
intervisible). An auxiliary or intermediate ori-
enting point should be established for night
operations. .
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- 292. Selection of Observation Posts

a. Initially, two or more observation posts
are selected at points from which the critical
points in the target area are visible, If pos-
sible, the distance between any two observation
posts should be sufficient to insure a minimum
angle of intersection at any of the critical
points of 300 mils (aiming circle). These mini-
mum angles at the critical points in the target
area are necessary to insure results that ap-
proach the accuracies prescribed for target
area survey. If the observation posts of the
target area base cannot be located sufficiently
far apart to provide a minimum angle or inter-
section of 300 mils, they should be located as
far apart as possible. In any case, the distance
between observation posts that are used as the
ends of an intersection base must be sufficient to
provide a minimum angle of intersection of 150
mils (atming circle) at any critical point in the

(TASCP)

BASE DOUBLE TAPED
(1/3000)

COMPUTED AZIMUTH AND DISTANCE

TARGET AREA PARTY

CONNECTION SURVEY

target area. (The consistent accuracy that can
be obtained from the location of points with
angles of this minimum size is approximately
1:200.)

b. The location of each critical point should
be checked from at least two intersection bases.
As soon as possible, additional observation
posts should be selected to provide this check.
In addition to providing the check, observation
posts should provide observation in the unit’s
zone of action, especially of those areas which
are not visible from the observation posts orig-
inally selected.

293. Methods of Performing Target Area
Base Survey -

a. The method of survey normally used by
the survey party in the field artillery battalion
to perform the target area base survey is a
closed traverse, or when the terrain allows and
the enemy situation is such that traversing to

Ol ESTABLISHED BY
CONNECTION SURVEY PARTY
171000

COMPUTED LENGTH

——— e

(OP'S NON INTERVISIBLE)

OP'S ESTABLISHED BY
TARGET AREA PARTY
171000
(OP'S INTERVISIBLE)

\\
CONNECTION SURVEY ~ ™ ~—

Figure 121,
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an OP would disclose its position, triangulation
is used. On some occasions it may be necessary
to locate the OP by intersection or offset from
a traverse station in the vicinity of the OP.
The OP’s are located to an accuracy of fifth
order.

b. In issuing the survey order, the survey
officer will designate which of the survey
parties is to perform the target area base
survey. The specific location of both OP’s may
also be designated or an approximate location
given and specific location left to the discretion
of the chief surveyor or chief of party. The
location of a target area survey control point
will be given; or, if one OP is located as part
of the connection survey, it may be designated
as the target area survey control point.

¢. The observation posts are designated 01
and 02. 01 is considered the control OP and
is plotted on the firing chart. 01 may be the
OP on the right or left. 01 is always that OP
requiring the least amount of fieldwork to
establish its location. Less directional accuracy
will be lost through angular measurements
when the fieldwork and the number of main
scheme angles are held to a minimum. Ex-
amples of target area base surveys are shown
in figure 121.

294. Method of Performing Target Area
Survey

a. Intersection must be used to perform the
target area survey. The length of each inter-
gection base of the target area base is obtained
by computation from the coordinates of the twe
observation posts that establish the base. If the
observation posts are intervisible, the azimuth
of the base is determined by measuring the
horizontal angle at an observation post from
the rear station to the observation post at the
other end of the base, If the observation posts
are not intervisible, the azimuth of the base is
determined by computation by using the co-
ordinates of the ends of the base. (The length
of the base may be determined by double-taping
to a comparative accuracy of 1:3,000 when the
base is located in an area not under direct ob-
servation of the enemy.)

b. If the observation posts are intervisible,
the interior horizontal angles are measured (1,
fig. 122). If they are not intervisible, the
angles at the ends of the base must be deter-
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mined by comparing the azimuth of the base
with the azimuth from each observation post
to the point being located (2, fig. 122). The
azimuth of the line from each observation post
is determined by measuring the horizontal
angle at the observation post from the estab-
lished azimuth mark (orienting station for
night operations) to the point in the target
area. When the critical point does not present
a clearly defined vertical line and cannot be
accurately bisected, the horizontal angles are
measured by using a special technique of point-
ing. Pointings are made by placing the vertical
line in the reticle on the right (left) edge of
the object in measuring the first value of the
angle and by placing the vertical line on the
left (right) edge in measuring the second value
of the angle. The mean angle obtained with
this method must be verified by determining
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at least one more mean angle by using the same
technique. (When this technique is used to
measure horizontal angles with an aiming cir-
cle, two sets of pointings are made. The ac-
cumulated value of one set (one pointing to
each edge of the object) should agree with the
accumulated value from the other set within 1
mil. The accumulated values of both sets are
added together and divided by 4 to determine
the mean angle to the nearest 0.1 mil.)

c. Vertical angles are measured to the lowest
visible point on the object.

d. The distance from either end of the in-
tersection base to each critical point is com-
puted by using the base length determined in
a above and the angles determined by direct
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measurement (1, fig. 122) or by comparison
of azimuths (2, fig. 122). The coordinates and
height of each point are determined in the same
manner in which they are determined by tri-
angulation.

e. The party performing the target area sur-
vey furnishes the location of the registration
point(s) to the party performing the position
area survey for computation of the orienting
angle(s).

f. The locations of critical points determined
from the target area base should be checked
by establishing a second intersection base. (A
second intersection base can be established by
using a third observation post and either of the
two observation posts used originally.)




CHAPTER 17
DIVISION ARTILLERY SURVEY

295. General

a. Survey operations are performed by sur-
vey personnel of division artillery headquarters
battery for the purpose of placing the field
artillery units organic, assigned, or attached to
the division on a common grid.

b. Division artillery surveys are executed
to a prescribed accuracy of fourth order
(1:3,000). Specifications and techniques for
fourth-order survey are found in appendix II.

296. Division Artillery Survey Personnel

A survey officer is assigned to the division
artillery staff. The division artillery survey
officer plans and supervises the division artil-
lery survey operations. He advises the com-
mander and appropriate staff officers on mat-
ters pertaining to survey. He coordinates the
survey operations of the field artillery bat-
talions (separate batteries) within the division.

297. Division Artillery Survey Information
Center

a. A file of survey information and a survey
information map are maintained in the survey
information center (SIC) at the division artil-
lery headquarters. The survey information
center file and map are located at the division
artillery command post and may be located in
the division artillery operations section.

b. The survey information map shows the
locations of survey control points and trig
points and the schemes of all surveys per-
formed by the division artillery survey section.
The file of survey information consists of the
trig lists prepared and issued by the Corps of
Engineers, the trig lists prepared by the field
artillery target acquisition battalion, and data
for each control point established by division
artillery survey operations. The data for each

control point established by division artillery
are recorded on DA Form 65 (Record—Sur-
vey Control Point) (figs. 123 and 124).

¢. The division artillery survey officer should
maintain close liaison with the corps artillery
survey officer. By so doing, he can obtain data
for survey control points which have been
established by the target acquisition battalion
in the division area. Use of these points can
save time and can eliminate unnecessary dupli-
cation of survey operations. He can also obtain
data for points established in the vicinity of the
target area which can be used by the battalion
survey parties in performing the target area
surveys and the target area base surveys.

298. Division Artillery Survey Control

a. Division artillery battalions, batteries, and
other division installations that require survey
control should be located with respect to a com-
mon grid. This grid should be the corps grid
whenever control points on that grid are avail-
abie. Controi points on the corps grid are nor-
mally available in the form of trig points and

, survey control points for which data are known

with respect to the UTM (or universal polar
sterographic (UPS)) grid for the area of oper-
ations.

b. When neither survey control points nor
trig points are available in the division area,
the division artillery survey officer establishes
a point and assumes data for that point. This
point (and its assumed data) establishes the
division grid which is used as the basis for the
division artillery survey operations. When the
data for the point differ from the data for that
point as established by the field artillery target
acquisition battalion of corps artillery, survey
data determined by the division artillery are
converted to the corps grid. In the initial stages
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of an operation, it is not necessary for division
artillery to convert azimuth to the corps grid
if it differs from azimuth provided by the tar-
get acquisition battalion by 1 minute (0.3 mil)
or less. However, it should be converted as
soon as it is practicable. In any case, coordi-
nates and height should be converted to the
corps grid if they differ from the data provided
by the target acquisition battalion.

299. Division Artillery Survey Operations

a. Division artillery survey operations should
provide the best determination of data at the
earliest possible time. Any of the artillery sur-
vey methods may be used to perform the sur-
veys. In areas where survey control points are
not available in the vicinity of the battalion,
common direction can be transmitted by simul-
taneous observations. (Division artillery sur-
vey personnel should be trained in the determi-
nation of grid azimuth by astronomic and
simultaneous observations.)

b. In addition to providing survey control
points for battalions and/or batteries, the divi-
sion artillery survey officer may designate
points for which battalion surveys should deter-
mine survey data in order to check the accuracy
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of the surveys being performed by the bat-
talions.

¢. Normally, division artillery survey opera-
tions are performed by the division artillery
survey section.

d. When the time available to perform divi-
sion artillery survey is limited, the division
artillery commander may direct battalions of
the artillery with the division to assist the
division artillery survey section in performing
the surveys necessary to establish the division
artillery grid after the survey operations of the
battalion have been completed. When this is
necessary, the division artillery survey section
should, at the first opportunity, reperform the
portions of the survey performed by battalion
survey sections. '

e. When a target acquisition battery is at-
tached to a division artillery, the survey parties
of the target acquisition battery may perform
part of the division artillery survey operations.
The division artillery survey officer, in conjunc-
tion with the target acquisition battery com-
mander, plans and supervises the coordinated
survey operations.




CHAPTER 18

CORPS ARTILLERY SURVEY

300. General

a. Corps artillery survey operations are per-
formed by the field artillery target acquisition
battalion assigned to each corps artillery head-
quarters. The battalion commander of the field
artillery target acquisition battalion is the
corps artillery survey officer. The target acqui-
sition battalion survey officer is responsible to
the battalion commander for planning and
supervising the battalion survey operations.

b. Survey operations are performed by sur-
vey personnel in the field artillery target acqui-
sition battalion for the purposes of placing the
field artillery with the corps (and other units
requiring survey control) on a common grid
and of locating the target acquisition battalion
installations (which include flash, sound, and
radar installations). Also included in survey
operations are the collection, evaluation, and
dissemination of survey information for all
surveys executed in the corps area to a pre-
scribed accuracy of fourth-order or greater.
Surveys performed by the target acquisition
battalion are executed to a prescribed accuracy
of fourth-order.

301. Survey Information Center

a. A corps survey information center is
established and maintaned by the survey infor-
mation center (SIC) personnel of headquarters
battery of the target acquisition battalion. It
is usually located in the vicinity of the corps
- artillery fire direction center. The SIC is an
agency for collecting, evaluating, and dissemi-
nating survey data. The dissemination is ac-
- complished by preparing and distributing trig
lists and by furnishing survey information to
personnel of other units upon request. Unless
directed otherwise by the battalion commander,

all survey information is disseminated only
through the survey information center.

b. Files of all survey control (fourth-order
or greater) existing in the corps area and files
of tie-in points established in adjacent corps
areas by the target acquisition battalions or
division artilleries in those areas are main-
tained in the survey information center. These
files consist of trig lists published by higher
headquarters (including trig lists prepared by
the Corps of Engineers), trig lists published
by field artillery target acquisition battalions
operating in the adjacent corps areas, and data
for each survey control point established by
the target acquisition battalion survey parties
and by the parties of the division artillery head-
quarters with the corps. The data for each
survey control point established by the target
acquisition battalion and by division artillery
headquarters are recorded on DA Form 6-5
(figs. 123 and 124).

¢. An operations map is maintained in the
survey information center. The operations map
shows the locations of all existing trig points
and survey control points and the schemes of
completed surveys. Overlays to the map show
the survey operations that are currently being
performed by the survey personnel of the target
acquisition battalion (and division artilleries
with the corps). The overlays also show the
tactical situation, the location of each installa-
tion of the target acquisition battalion, present
and proposed artillery positions, and proposed
survey plans.

d. In addition to performing the functions of
the survey information center discussed in a
through ¢ above, survey information center
personnel assist the survey operations of the
target acquisition battalion by computing and
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Figure 128. Entries made on front of DA Form 6-5

checking data. Computations and checks per-
formed by the survey information center per-
sonnel include the following:

(1) Checks of field records and computa-
tions of field parties.

Adjustment of traverses.

Conversion of survey data to the
corps grid when survey operations
have been performed with assumed
data.

Transformation of coordinates and
grid azimuths.

Conversion of coordinates (geograph-
ic to grid and/or grid to geographic).

(2)
(3)

4)

(5)

302. Field Artillery Target Acquisition
Battalion Survey Personnel
a. The target acquisition battalion com-
mander is the corps artillery survey officer.
Under the direction of the corps artillery com-
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mander and assisted by the battalion survey
officer, he—

(1) Plans the corps artillery survey.

(2) Coordinates the survey of the target
acquisition battalion with all other
artillery units in the corps area.

Maintains liaison with, and obtains
control data from, the topographic
engineer unit operating with the
corps.

Establishes the survey information
center.

(3)

(4)

b. The battalion survey officer is assigned to
the battalion staff. The battalion survey officer
plans and supervises the battalion survey
operations, advises the battalion commander
and the staff on matters pertaining to survey,
and performs the coordination of the survey
operations of all field artillery units operating
in the corps area. An assistant battalion sur-
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vey officer, the survey platoon commander in
headquarters battery, performs duties as di-
rected by the battalion survey officer.

¢. A warrant officer, assigned to headquar-
ters batiery, superviscs the operations of the
survey information center.

d. A survey platoon commanded by an of-
ficer is assigned to headquarters battery and
to each target acquisition battery of the target
acquisition battalion. The officer is the survey
officer of the battery. He plans and supervises
the survey operations of the survey platoon.
He advises the battery commander on matters
pertaining to survey.

303. Coordination and Supervision of
Battalion Surveys by the Battalion
Survey Officer

The battalion survey officer normally is au-
thorized by the battalion commander to issue
instructions on matters concerning survey
operations directly to the batteries. The battery

survey officers normally receive the survey in-
structions for their batteries from the battalion
survey officer. (The relations between the bat-
talion survey officer and the battery survey
officers in issuing and receiving instructions
are similar to the relations between the fire
direction officer in a howitzer or gun battalion
and the battery executive officers.) The battery
survey officers must keep their battery com-
manders informed of the survey operations that
they have been instructed to perform. They
must also keep their battery commanders in-
formed of the areas in which the battery sur-
vey platoon will be operating and the progress
of the survey operations.

304. Field Artillery Target Acquisition
Battalion Survey Operations

a. Target acquisition battalion survey opera-
tions are conducted in two phases—an initial
phase and an expansion phase.

b. The survey operations conducted during
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the initial phase consist of those necessary to
establish a survey control point for each divi-
sion artillery and each corps artillery battalion
(and other points as directed by the battalion
commander) and those necessary to establish
survey control for the installations that are
organic to the target acquisition battalion that
require survey control.

¢. The survey operations conducted during
the expansion phase consist of the surveys
necessary to place survey control points within
1,500 to 2,600 meters of any possible artillery
position in the corps area.

d. The battalion survey officer designates to
each platoon commander locations where sur-
vey parties are to establish survey control
points. These survey control points are estab-
lished for later extension of control and for
checking surveys.

e. Survey operations of the target acquisi-
tion battalion are continuous. The amount of
survey performed by the target acquisition bat-
talion in any area of operations depends on the
length of time that the corps remains in the
area. When the corps is movirg rapidly, the
target acquisition battalion may be able to per-
form only the initial phase survey operations.
When the corps remains in one area for an
extended period of time, the target acquisition
battalion conducts extensive survey operations.

305. Use of Assumed Data

Whenever possible, survey platoons initiate
survey operations at survey control points (or
trig points). When adequate survey control
points do not exist in the area of operations,
one or more of the survey platoons must initiate
survey operations, using assumed coordinates
and height. When at least one survey control
point exists in the area of operations, the sur-
veys of the battalion are based on the grid
established by the coordinates and height(s)
of the survey control point(s). The surveys of
the platoons that used assumed initial data are
converted to the grid established by the survey
control point(s). When no survey -control
points exist in the area, the battalion survey
officer designates a point and furnishes as-
sumed data for the point. (The assumed data
should approximate the correct grid data as
closely as possible.) The surveys of all of the
platoons are then converted to the grid estab-
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lished with the assumed point and the azimuth
established at the assumed point.

306. Azimuths

Azimuths at all points of the battalion sur-
vey should be correct grid azimuths. Correct
grid azimuth can normally be established by
astronomic observation or by use of the gyro
azimuth surveying instrument. When two in-
tervisible survey control points (based on cor-
rect grid data) or trig points exist, correct grid
azimuth can be obtained from these points. If
the correct grid azimuth between the points
is not known, it can be computed by using the
grid coordinates of the points.

307. Survey Confrol Points

Survey parties of the battalion establish sur-
vey control points approximately every 1,500
to 2,000 meters along the routes of the surveys.
A station of this type is established at each
point for division artillery, for corps artillery
battalions, and for those points from which
target acquisition battery installations are
located. The same type of station is also estab-
lished at each point designated for later exten-
sion of control and for checking surveys. Each
of these survey control points is marked by a
hub and a reference stake. An azimuth for
each survey control point is established either
to an azimuth mark or to an adjacent survey
control point. A description of each survey
control point is prepared on DA Form 6-5 and
forwarded to the survey information center for
file.

308. Planning Target Acquisition Baitery -
Survey Operations

The points for which survey control must be
established by the survey platoon of each tar-
get acquisition battery fall into two general
categories—those for installations of the target
acquisition battalion and those for installations
of other units. The commander of the target
acquisition battery survey platoon plans the
initial phase operations of the platoon by first
considering the operations necessary to locate
the target acquisition battalion installations.
He then modifies this plan, as necessary, to
provide survey control for the installations of
other units. If priorities have been established
by the battalion survey officer, the platoon
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Figure 125.

commander must incorporate them in his sur-
vey plan.

309. Target Acquisition Battery Survey
Platoon Operations During the
Initial Phase

a. The survey operations performed by a
target acquisition battery survey platoon dur-
ing the initial phase consist of the survey
operations necessary to locate the target acqui-
sition battery installations that require survey
control and to provide a survey control point
for the division artillery and for each corps
artillery battalion in the platoon’s area of
responsibility.

b. All or part of the target acquisition bat-
tery survey operations are frequently started
with assumed coordinates and height. For
example, if survey control points do not exist
in the vicinity of the selected sound base micro-
phones, the sound base survey (and location of
any survey control points along the line of the

PARTY | g (TELL.)
PARTY 2 —e—o—0—o —
PARTY 3 eoccoveocs e

Target acquisition battery survey during the initial phase.

sound base) is frequently performed by two
parties starting at a point near the center of
the sound base with assumed data. A third
party extends survey control to the starting
point.

¢. An example of the survey operations con-
ducted by a target acquisition battery survey
platoon during the initial phase is shown in fig-
ure 125. The survey operations were accom-
plished by the two traverse parties and one
tellurometer traverse party.

d. Party number 1 (tellurometer party) has
been assigned the task of extending control
from the target acquisition battery survey con-
trol point to several corps ifeld artillery bat-
talion survey control points, the division artil-
lery survey control points, and a survey control
point tie-in with the adjacent zone. Since this
party is equipped with the tellurometer, its
area of operations is more extensive than that
of either of the two standard traverse parties.
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An astronomic observation is used to check
direction at the tie-in survey control point.

e. Party number 2 initiates its survey at the
tie-in survey control point and locates two flash
ranging observation posts (OP 1 and OP 2), a
counterbattery radar (R1), and a battalion
survey control point and closes on a previously
agreed upon survey control point near the cen-
ter of the sector.

f. Party number 8 initiates its survey at a
previously established battalion survey control
point and locates radar 2, OP 3, OP 4, and the
six microphones of the sound base. This party
closes its survey on the same survey control
point used by party number 2 as a closing point.

310. Target Acquisition Battery Survey
Platoon Operations Required to
Complete the Initial Phase

The initial phase survey operations per-

formed by the survey platoon of a target acqui-
sition battery include the operations necessary
to close all traverses and to check all inter-
sected and resected points. It also includes the
operations necessary to establish a declination
statien in the division area and to determine
the locations of survey control points that are
also located by the target acquisition battery
survey platoons operating in the adjacent divi-
sion areas. The initial phase survey operations
of the battalion are considered to end when
these operations have been performed by the
survey platoons of each of the target acquisi-
tion batteries.

311. Survey Operations During the

Expansion Phase

a. Survey operations of the target acquisi-
tion battalion during the expansion phase con-
sist of establishing a basic net throughout the
corps area, usually by triangulation or tel-
lurometer traverse. From stations of the basic
net, control then is extended, usually by trav-
erse, so as to provide survey control throughout
the corps area. The ultimate goal is a survey
control point within 1,500 to 2,000 meters of
every possible artillery position. This goal is ac-
complished to the extent permitted by the time
available, .

b. During the expansion phase, the survey
platoons of the battalion are assigned tasks by
the battalion survey officer as necessary to ac-
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complish the required survey operations. The
survey platoon of each battery should be as-
signed tasks in areas as near as possible to its
battery area to facilitate future operations of
the corps and to reduce the problems of move-
ment from the battery area and messing.

¢. Figure 126 is an example of the survey
operation conducted by a target acquisition
battalion during the initial phase (the critical
traverse stations shown in black are those at
which a traverse is initiated or closed). Figure
127 shows an example of the survey opera-
tions of a target acquisition battalion during
the expansion phase.

312. Extension of Survey Control from
Rear Areas
When the only existing survey control is a
considerable distance to the rear of the corps
area, control should, if possible, be extended to
the corps area by engineer topographic units.
When this is not possible, the target acquisition
battalion may be required to extend control to
the corps area; this normally is accomplished
by the use of tellurometer traverse schemes.
This extension of control may be initiated dur-
ing either the initial phase or during the
expansion phase, depending on the situation.
When it is initiated during the initial phase,
it is usually accomplished by the headquarters
battery survey platoon. (The battery survey
platoons may be required to furnish one or
more tellurometer traverse parties to assist in
these operations.)

313. Survey Control for Counterbattery
Radar

Target acquisition battalion personnel must
be familiar with the procedures used to estab-
lish survey control for counterbattery radar.
These procedures are the same as those used
to establish survey control for countermortar
radar.

314. Survey Control for Sound Ranging
Microphones

a. The survey operations necessary to estab-
lish survey control for a sound ranging micro-
phone depend on the type of sound base selected
by the sound ranging personnel. When the
microphones are employed in an irregular base,
the microphone positions are marked (either
with a stake or with a microphone) by sound
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Figure 126. Target acquisition battalion survey operations during the initial phase.

ranging personnel. The location of each ir-
regular-base microphone is determined in the
manner used to locate any other survey station.
When the microphones are employed in a regu-
lar base, the coordinates of each microphone
are predetermined by computation. The points
on the ground that correspond to the predeter-
mined coordinates are then established ; this is
accomplished as indicated in (1) through (5)
below—
(1) A traverse is performed roughly par-
allel to the line of the sound base, fol-
lowing the best traverse route. A
traverse station is established within
200 meters of each microphone posi-

(2)

(3)

tion, at a point from which the micro-
phone position should be visible.

The azimuth and distance from the
traverse station to the microphone
position are computed by using the
coordinates of the traverse station
and the predetermined coordinates of
the microphone computed on DA
Form 6-1.

The direction of the mierophone posi-
tion is established by setting off on
the theodolite the horizontal angle at
the traverse station from the rear
traverse station to the microphone
position. This angle is determined by
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(4)
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subtracting the azimuth to the rear
traverse station from the azimuth to
the microphone position. (The value
that must be set on the horizontal
circle of the theodolite is equal to the
sum of the initial circle setting (the
horizontal circle reading when the in-
strument is pointed at the rear
traverse station) and the (computed)
horizontal angle. As an example, as-
sume that the initial circle setting is
0°00’37” and that the computed hori-
zontal angle is 1738°43’27”. The
value that must be set on the hori-
zontal circle is 173°44704” (0°00/37”
+ 1738°43’27”). To place this setting
on the horizontal circle of the theodo-
lite, set 04°04” on the micrometer
scale, using the coincidence knob; set
173°4( on the horizontal circle, using
the horizontal motions.)

A ranging pole is placed on the line
of sight through the telescope at a

(5)

LEGEND
INITIAL PHASE
— — —— EXPANSION PHASE

Target acouisition battalion survey operations during the expansion phase.

distance approximately equal to the
distance to the microphone. (The
rodman should pace this distance to
insure that large errors in taping do
not occur.)

A taping team then tapes the com-
puted distance from the traverse sta-
tion to the microphone position and
places a hub at the microphone posi-
tion. (To prevent errors, the front
tapeman should give all taping pins to
the rear tapeman except those actually
required to make the distance meas-
urement. If it is necessary to break
tape, the normal pin procedure should
be followed. When the front tapeman
has placed his last pin in the ground,
he should pull the tape forward a
partial tape length so that the rear
tapeman can hold the proper gradua-
tion over the last taping pin. The
front tapeman should place the hub in
the ground, at the point directly




under the zero graduation on the tape.
The tapeman should then check the
distance by measuring the distance
from the hub to the traverse station,
using normal taping procedures. As
an example of the method of establish-
ing the distance, assume that the dis-
tance from the traverse station to the
microphone position is 130.67 meters.
This distance consists of four full tape
lengths and a partial tape length of
10.67 meters. The front tapeman
gives seven taping pins to the rear
tapeman (retaining four pins) before
starting the distance measurement.
When the front tapeman has placed
his fourth pin in the ground, he pulls
the tape forward a partial tape length
so that the rear tapeman can hold
the 10.67-meter graduation directly
over the last taping pin. The front
tapeman places the hub in the ground
under the zero graduation on the
tape.)

b. The location of the microphone position
hub can be checked by using the hub as a
traverse station. It can also be checked by
measuring the direction to the hub from a
traverse station other than the one used to
establish the microphone position and by com-
paring the measured direction with the com-
puted direction to the hub.

¢. If sound ranging microphones are estab-
lished from a traverse based on assumed data
for the starting station, the coordinates of the
microphone positions must be converted to the
common grid when the correct grid data for the
starting point become available. No change in
the ground location of the microphone is re-
quired.

315. Survey Control for Flash Ranging
Observation Posts (Long Base)

Flash ranging observation posts are located
in the same manner as observation posts for
field artillery battalions except they must be
located to an accuracy of fourth-order.
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CHAPTER 19
OTHER ARTILLERY UNIT SURVEYS

Section |. FIELD ARTILLERY GROUP SURVEYS

316. Field Artillery Group

a. The field artillery group headquarters bat-
tery does not perform survey operations. The
battalions of the group are normally furnished
survey control by the artillery headquarters
with which the group is working. When survey
has not been furnished by the artillery head-
quarters with which the group is working, the
group commander may designate one battalion
to establish a group survey control point. When
heavy or very heavy battalions of a group are
required to perform target area surveys, the
group commander usually designates one of the
battalions of the group to perform the target
area surveys for all of the battalions of the
group.

b. The group assistant intelligence officer
(assistant S2) is also the group survey officer.
During training, the group survey officer super-
vises the training of the survey personnel of the
battalions of the group. The group survey

Section Il. FIELD ARTILLERY
318. Field Artillery Missile Command,
Medium

a. The survey requirement of the missile
command, medium consists of the location and
orientation of the weapons and target locating
installations of the command, guidance equip-
ment in the Corporal missile battalion, tracking
and plotting equipment in the drone platoons,
meteorological equipment and ground based
navigational aids for Army aviators.

b. The missile command has organic topo-
graphic engineer surveyors and field artillery
target acquisition surveyors to provide the re-

officer coordinates the survey operations of the
battalions of the group. He verifies that survey
control points are provided by the next higher
survey echelon. He verifies, by frequent inspec-
tions, that the survey sections of the group
battalions perform survey operations properly.
Two enlisted survey specialists are assigned. to
group headquarters battery for the purpose of
assisting the group survey officer in carrying
out his responsibilities. The group headquar-
ters battery is not issued survey equipment.

317. Field Artillery Battalion Group

In addition to the normal survey responsibili-
ties, the commander of a battalion group has
survey responsibilities similar to those of a
group commander. If survey control has not
been furnished to the battalion group by the
artillery headquarters with which it is working,
the commander of the battalion group directs
the survey officer of his battalion to establish a
group survey control point.

MISSILE COMMAND SURVEYS

quired survey control. The survey element of
the engineer combat company (or engineer
service and support company) has the responsi-
bility for establishing eight third-order survey
control points, equally spaced across the width
of the missile command. The target acquisition
battalion survey personnel extend the control
from these survey control points to each of the
battalions of the missile command. The missile
battalions are organized under two group head-
quarters. Since the artillery group has no
survey personnel and equipment, the target
acquisition battalion survey parties provide the




control to the battalions directly. The target
acquisition battalion survey parties provide this
control to a prescribed accuracy of fourth-
order.

¢. The missile battalions of the command
have organic survey parties to perform the
internal survey. The parties are required to
determine the location of the launchers to fifth-
order accuracy. The survey parties must also
provide orientation data for the launchers and
guidance elements.

d. The target acquisition battalion com-
mander is the missile command survey officer.
He is a special staff member, and he advises the
missile command commander on matters per-
taining to survey in the command. He coordi-
nates the survey efforts of the topographic
engineer surveyors and the survey parties of
the target acquisition battalion.

319. Field Artillery Missile Command,
Air Transportable

a. The survey requirement of the missile

Section lII.

320. General

a. There are three major factors which de-
termine the type of survey operations which
must be performed by air defense artillery
(ADA) units and the extent of those survey
operations. These factors are—

(1) The type of mission of a unit.
(2) The availability of maps.
(3) Restrictions placed on air defense fire.

b. When air defense artillery units are as-
signed air defense missions, they must be
capable of transmitting, from one unit to
another, information concerning the location of
aircraft. To do this, they must be located with
respect to a common grid. When suitable maps
are available, units can be located with respect
to a common grid by map inspection for both
position and direction. When suitable maps are

‘not available, units must be located with re-

spect to a common grid by extending control to
each unit from control points located on. the
grid. :

¢. When air defense artillery units are as-

command, air transportable, consists of the
location and orientation of the weapons and
target locating installations of the command.
The firing element of the missile command is
one HONEST JOHN (LITTLE JOHN) bat-
talion. The survey' officer for the missile com-
mand, air transportable, is the survey officer of
the HONEST JOHN (LITTLE JOHN) bat-
talion. There are no target acquisition bat-
talion or battery survey personnel authorized
in the missile command, air transportable.

b. The missile command, air transportable,
receives engineer survey support from the topo-
graphic engineer survey section of the organic
engineer combat company. The engineer survey
personnel ‘establish survey control points as re-
quired by the HONEST JOHN battalion.

¢. The HONEST JOHN (LITTLE JOHN)
battalion has two eight-man survey parties
which are used to extend control to each of the
four launchers. They must locate the launchers
to fifth-order accuracy and provide direction
for orientation of the launchers and windsets.

AIR DEFENSE ARTILLERY SURVEYS

signed air defense missions and are restricted
from firing in certain areas, they must be lo-
cated with respect to the grid on which the
limits of the restricted areas are designated.
They must be located on the grid by extending
control to each fire unit from control points
located on the grid.

d. When air defense artillery gun and missile
units are assigned field artillery type missions,
their survey requirements are the same as
similar field artillery units.

321. Surveys for Air Defense Artillery
Gun Battalions (Batteries)

a. When suitable maps are available and
there are no restricted firing areas, survey
control for a gun battalion is established by
determining the location of a selected point
(battalion SCP) by map inspection and by de-
termining the azimuth from the battalion SCP
to an azimuth mark by scaling from a map or
by using a declinated aiming circle.

b. When suitable maps are available and
there are restricted firing areas, survey control
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is established by extending control to the bat-
talion SCP from a control point located on the
UTM (or UPS) grid for the zone. Direction is
determined by astronomic observation or by
measurement from a line of known direction.
Survey operations are executed to a prescribed
accuracy of fifth-order (1:1,000).

¢. When suitable maps are not available, sur-
vey control for a gun battalion is established by
extending control to a battalion SCP as dis-
cussed in b above.

d. Regardless of the method by which con-
trol is established for the battalion SCP, con-
trol is extended from the battalion SCP to each
battery, to the battalion surveillance radar, and
to a battalion radar range-calibration point by
survey operations executed to a prescribed ac-
curacy of fifth-order. The control which is
established for these installations is as follows:

(1) The horizontal and vertical locations
of the antenna of the track radar for
each battery.

(2) The horizontal and vertical locations
of the antenna of the battalion sur-
veillance radar.

(3) The horizontal and vertical locations
of the battalion radar range-calibra-
tion point(s). (The slant range from
the track radar of each battery to the
radar range-calibration point for the
battery must be computed.)

(4) A line of known direction (orienting
line) to a distant point from the track
radar antenna of each battery and for
the battalion surveillance radar.

(56) When directed, the range and the
vertical angle to the distant point
((4) above) from the track radar an-
tenna of each battery. If the range
and the vertical angle are not de-
termined to the distant point, it is
referred to as the orienting point. If
the range and the vertical angle are
determined to the distant point, it is
referred to as the known datum point
(KDP).

e. When directed, gun battalion survey per-
sonnel assist battery personnel in obtaining
orientation data. Orientation data are deter-
mined by survey executed to a prescribed ac-
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curacy of fifth-order. Orientation data that are
obtained by survey consist of the following:
(1) The easting, northing, and height
components of the parallax from the
center of the mass of metal (battery
center or directing point) to the track
radar antenna.
(2) The lateral distance from each gun to
the orienting line (d(4) above).
(8) The easting, northing, and height com-
ponents of the parallax from each gun
to the track radar antenna.

322. Surveys for ADA AW Battalions
(Batteries) Equipped With Electronic
Fire Control and 75-mm Light ADA
Battalions (Batteries)

a. When suitable maps are available and
there are no restricted areas, survey control for
each weapon is established by map inspection
for position and by scaling from a map or by
using a declinated aiming circle for direction.

b. When suitable maps are available and
there are restricted areas, survey control is
established by extending control to the battalion
(detached battery) SCP from a control point
located on the UTM (or UPS) grid for the
zone. Direction is obtained by astronomic ob-
servation or by measurement from a line of
known direction. Survey operations to extend
control to the battalion SCP are performed to
a prescribed accuracy of fifth-order.

¢. When suitable maps are not available,
survey control is established by extending con-
trol to the battalion (detached battery) SCP
as stated in b above.

d. When there are restricted areas and/or
when suitable maps are not available, the hori-
zontal and vertical locations of each weapon
are determined, and a line of known direction
for each weapon is established by extending
control to each weapon from the battalion (de-
tached battery) SCP. Survey operations to
extend the control are performed to a pre-
scribed accuracy of fifth-order.

e. Regardless of the method used to de-
termine the location of a weapon, the slant
range from each weapon to the radar range-
calibration point is determined for each weapon
by survey operations executed to a prescribed
accuracy of fifth-order.




323. Surveys for ADA AW Battalions not
Equipped With Electronic Fire Control

a. Survey control is not required for ADA
AW battalions not equipped with electronic
fire control when there are no restricted areas.
However, the relative locations of weapons and
early warning observation posts must be known
so that an early warning system can be estab-
lished. When suitable maps are available, the
relative locations of the weapons and observa-
tion posts are determined by map inspection.
When suitable maps are not available, the rela-
tive locations can be established by limited
rough survey as explained in FM 21-26.

b. When there are restricted areas, survey
control is established to determine the relative
horizontal and vertical locations of each wea-
pon and to provide an orienting line for each
weapon. Survey control is extended from sur-
vey control points established within 1,000
meters of the position area of each weapon by
survey operations performed to a prescribed
accuracy of 1:500.

¢. When ADA AW battalions are required
to accomplish the surveys discussed in b above,
necessary surveying equipment (two aiming
circles per battery and one per battalion head-
quarters) must be made available from sources
outside the battalion.

324. Surveillance Radars

a. Each ADA surveillance radar must be es-
tablished on the UTM (or UPS) grid for the
zone. When suitable maps are available, this
is accomplished by map inspection for position
by scaling from a map or by using a declinated
aiming cirele for direction.

b. When suitable maps are not available, the
horizontal and vertical locations of each sur-
veillance radar are determined, and a line of
known direction is established by extending
control from a control point on the UTM (or
UPS) grid for the zone by survey operations
executed to a prescribed accuracy of fifth-
order.

¢. Air defense artillery battalions normally
are not capable of performing survey. The
control must be extended by an agency having
suitable survey equipment and trained survey
personnel. Arrangements should be made for
the nearest engineer or artillery unit capable
of providing the control to perform the neces-
sary survey operations.

325. Air Defense Artillery Missile
Battalions

The target-tracking radar of ADA missile
battalions must be established on the UTM (or
UPS) grid for the zone. A line of known di-
rection from that radar on the grid for the
zone must be established. For permanently
emplaced battalions, necessary survey opera-
tions are performed by engineer personnel.
For semimobile battalions, the necessary con-
trol may be established by scaling from a map,
when suitable maps are available, or by using
a declinated aiming circle for direction. When
suitable maps are not available, survey con-
trol is provided by engineer personnel or ex-
tended by the missile battalion personnel from
a survey control point located within 1,000
meters of the target-tracking radar. The con-
trol is extended by survey operations executed
to a prescribed accuracy of fifth-order.

326. ADA Missile Battalions in FA Role

The missile-tracking radar of ADA missile
battalions employed in the field artillery role
must be established on the UTM (or UPS)
grid for the zone. A line of known direction
from that radar on the grid for the zone must
be established. When ADA missile battalions
are employed in the field artillery role, neces-
sary survey personnel are provided in the
TOE. A survey control point must be provided
by engineer personnel or target acquisition
battalion survey personnel within 2,000 meters
of the missile-tracking radar. The missile bat-
talion survey personnel extend the control to
the radar and launcher positions to a pre-
scribed accuracy of fifth-order.
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CHAPTER 20
SURVEY PLANNING

Section |.

327. Survey Mission

a. The general mission of artillery survey
personnel is to provide accurate and timely
survey information and control to artillery
units and installations. Successful accomplish-
ment of this mission requires careful survey
planning and the formulation of a survey plan
which is as complete as possible.

b. The specific mission of artillery survey
personnel for any survey operation is contained
in orders and instructions issued by the organ-
ization commander. These orders and instruc-
tions are contained in the unit SOP, operations
orders and training directives.

¢. After the commander has issued orders
and/or instructions which require the execu-
tion of survey operations, the survey officer
must plan the survey operations and issue
necessary instructions to survey personnel to
execute the assigned mission.

d. In some situations the survey officer may
be required to prepare plans for proposed sur-
vey operations. The survey officer may be re-
quired to submit the proposed plans to the
commander or his representative for consider-
ation. (During combat, the survey officer usu-
ally is not required to submit the survey plan
to the commander or his representative when
survey operations are to be initiated immedi-
ately.)

328. Information Furnished the Survey

Officer by the Commander

In addition to the specific survey instruc-
tions, the commander or his representative
should furnish the survey officer certain infor-
mation which he must have to plan the survey
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operations. The information which the survey
officer should receive includes the following:

a. Situation. During combat, the survey
officer should know both the enemy and
friendly situations as they affect the unit mis-
sion and especially as they affect survey oper-
ations.

b. Mission of the Unit. The survey officer
should know the mission of the unit and plan
the survey operations so that they will best
assist in the accomplishment of the unit mis-
sion.

¢. Time Awvailable for Survey Operations.
The time available for survey operations may
be specified by the commander or it may be
indicated by the unit mission. The time avail-
able dictates the amount of survey that can be
accomplished and whether limited time or de-
liberate survey methods are to be used. If theé
time available for survey operations is not
specified, they should be accomplished as soon
as possible consistent with other requirements.

d. Installations That Require Survey Control
and Their Locations. The installations that re-
quire survey control usually will be specified
in the SOP. For each situation, the com-
mander will indicate only those installations
requiring survey control that are not included
in the SOP. The general location of units that
require survey control usually will be indicated
in the commander’s orders or instructions and
may be furnished on a map overlay. The sur-
vey officer usually will have to determine the
exact location of installations by reconnais-
sance.

e. Location of the Installation to Which Sur-
vey Data Must Be Furnished. The survey offi-




cer must know the location of the installation
(e.g., FDC for field artillery battalions) to
which survey data must be submitted. The lo-
cation of this installation must be known so
that the submission of data will not be delayed.
The location of this installation usually will be
indicated by the commander.

f. Survey Requirements for FEach Installa-
tion. The survey requirements for each instal-
lation usually will be specified in the SOP by
the commander.

g. Survey Control Awvailable. Information
concerning available survey control may be
furnished to the survey officer by the com-
mander or his representative. However, the
survey officer usually will obtain the informa-
tion from trig lists issued by higher headquar-
ters and by personal contact with survey
personnel of higher headquarters.

h. Personnel Awailable for Survey Opera-
tions. The commander usually will specify in
the SOP the personnel that are available for
survey operations.” He then usually will specify
for a given operation any differences from the
SOP in the personnel available.

i. Restrictions on Survey Operations. Cer-
tain restrictions on survey operations may be
specified by the commander. Most restrictions
on survey operations will be dictated by such
things as the situation, the mission, the avail-
ability of personnel, etc.

329. Factors Affecting Survey Planning

The artiliery survey officer miust consider
many factors in formulating the plan by which
the survey mission is to be accomplished. The
factors which affect survey planning cannot be
considered independently because each factor
is related to other factors. The most import-
ant of these factors are discussed in para-
graphs 330 through 338.

330. Situation as it Affects Survey
Operations

The survey planner must consider both the
enemy and the friendly situations as they af-
fect survey operations. He must consider capa-
bilities of the enemy to interfere with or
restrict survey operations. He must consider
the locations of friendly elements and their
missions. He must consider any restrictions

that the situation places on travel and/or
communication.

331. Number and Locations of
Installations Requiring Survey Control

The number and locations of installations
that require survey control must be considered
primarily with respect to time and personnel
available. The survey operations necessary to
locate a small number of widely scattered in-
stallations will often require more time and/or
personnel than would be required for a large
number of closely grouped installations. In
the survey plan, the survey tasks should be so
allocated that the various parties executing the
survey will complete their tasks at approxi-
mately the same time. This might require, for
example, the use of two parties to establish
control for one installation which is at a con-
siderable distance from the starting point
while one party is establishing control for three
installations which are relatively close to the
starting point.

332. Survey Requirements for Each
Installation Requiring Survey Control
The survey planner must know the require-
ments of each installation for which control
must be provided. For example, the light,
medium, and the heavy field artillery battalion
survey parties must locate each battery center
whereas the very heavy field artillery battalion

survey parties must locate each piece.

333. Survey Control Available

More extensive survey operations are re-
quired in areas where limited survey controi
exists than are required in areas where survey
control is dense.

334. Survey Missions

The field artillery battalion survey opera-
tions must provide the best possible survey
data in the time available. The division artil-
lery survey operations must provide timely and
accurate survey control to subordinate units.
Corps artillery must provide timely and ac-
curate survey control to the artillery with the
corps.

335. Number and Status of Training of
Survey Personnel
The survey plan must be based on the use
of survey methods that are completely familiar
to all personnel. Sufficient trained personnel
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must be made available to perform the re-
quired survey operations.in the allotted time.

336. Type of Terrain Over Which the
Survey Must Be Performed

a. The visibility, the type of terrain, and the
number and locations of installations requiring
survey control are the primary factors which
should be considered in determining the sur-
vey methods to be used and the amount of time
and number of personnel required to accom-
plish the survey mission.

b. The survey officer should be so familiar
with the effects that various types of terrain
have on survey operations that he can
promptly and properly advise his commander
on the time and personnel requirements for
survey operations.

337. Weather Conditions

Bad weather may eliminate or greatly re-
duce the capability of survey. For example,

Section Il.

339. General

The steps in survey planning are obtaining
information (warning order), map reconnais-
sance, ground reconnaissance, and formulation
of the survey plan. They are discussed in para-
graphs 340 through 343.

340. Obtaining Information

Obtaining information on mission, terrain,
and situation is a continuing process in survey
planning that commences when the commander
briefs his staff and subordinate commanders.

341. Map Reconnaissance

A map reconnaissance is performed by using
any suitable map or map substitute. The first
step in making a map reconnaissance is to plot
the installations requiring control on the map.
The survey officer then considers the factors
affecting survey planning and—

a. Makes a tentative choice of survey meth-
ods. (In selecting survey methods, the survey
officer should choose between traverse and
triangulation when possible.)

b. Determines whether the survey mission
can be accomplished in the allotted time with
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poor visibility may require the use of the
magnetic needle for determination of a start-
ing direction. Icy slopes reduce taping ac-
curacy. Poor \visibility requires shorter
distances between stations necessitating more
angle turning stations. Trilateration can
often be conducted during periods when poor
visibility precludes the execution of other sur-
vey operations.

338. Availability of Special Survey
Equipment

Consideration must be given to the avail-
ability and operational readiness of such spe-
cial survey equipment as the tellurometer and
artillery gyro azimuth instrument. The pres-
ence or lack of such equipment can greatly
affect the time and work required for a survey
operation. In addition, proper use of special
techniques, such as simultaneous observation,
can materially affect the accomplishment of
the survey mission.

STEPS IN SURVEY PLANNING

the personnel available. (If it cannot, he makes
appropriate recommendations to his com-
mander. For example, he can recommend that
additional survey personnel be made available,
that the time allotted for survey be increased,
and/or that certain installations be given a low
priority.)

¢. Makes a tentative survey plan, noting the
critical areas which will require detailed
ground reconnaissance.

d. Issues necessary warning order to survey
personnel.

342. Ground Reconnaissance

The survey officer makes as complete a re-
connaissance of the ground as time permits. He
makes a general reconnaissance of the entire
area and a detailed reconnaissance of those
critical areas noted during the map and the
general ground reconnaissance. The general
ground reconnaissance can be performed by
motor vehicle, aircraft, or other means, but the
detailed ground reconnaissance should be per-
formed on foot. If no suitable map or map
substitute is available, the survey officer must
take the action indicated in paragraph 341




after performing the general ground recon-
naissance but before performing the detailed
ground reconnaissance.

Section |Il.

344. General

The survey plan contains those detailed in-
structions for each survey party not covered by
standing operating procedure and general in-
formation necessary for the efficient accomp-
lishment of the survey mission.

345. Sequence in Which Survey Plan Is
Issued
The survey plan is issued orally. It should
be issued in the sequency listed below, which is
the five-paragraph sequence in which an opera-
tion order is issued.
1. SITUATION (as it affects the survey
operations)
a. Enemy.
b. Friendly.
c. Attachments and detachments.
2. MISSION (survey)
3. EXECUTION
a. Concept of survey operations.
b. Detailed instructions to each party.
¢. Instructions for more than one
party.
4. ADMINISTRATION
ICS '(supply)
5. COMMAND AND SIGNAL (location
of survey officer)

AND LOGIST-

346. Changes to the Survey Plan
During the execution of the survey, the sur-

343. Formulation of the Survey Plan
On completion of the ground reconnaissance,
the survey officer formulates the survey plan.

THE SURVEY PLAN

vey officer closely supervises the work of the
survey parties to insure that the survey plan is
properly executed and to detect any changes
in the survey plan which may be necessary. If
it becomes necessary to change the plan, he
issues appropriate instructions to the party
chief (s) concerned.

347. Execution of the Survey Plan

Each chief of survey party plans the detailed
operations of his party. His planning is similar
to that of the survey officer. The mission of
his survey party is contained in the instructions
issued by the survey officer. The survey plan
prepared and issued by the chief of party con-
tains those items from the survey officer’s plan
which his personnel should know to accomplish
the survey mission and any additional instruc-
tions which are necessary. The chief of party
supervises the operations of his party and is-
sues additional instructions as necessary
throughout the conduct of the survey. When-
ever it becomes impracticable to comply with
the instructions received from the survey of-
ficer, he reports this fact to the survey officer
or chief surveyor if either is immediately
available. If neither is immediately available,
the chief of party changes his survey plan as
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unit’s survey mission for which he is responsi-
ble. At the first opportunity, he reports to the
survey officer the action which he has taken.
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Section IV. STANDING OPERATING PROCEDURE

348. General

a. A standing operating procedure is a set
of instructions which gives the procedures that
are to be followed for those phases of operation
which the commander desires to make routine
(FM 101-5). The SOP sets down the regular
procedures that are to be followed in the
absence of instructions to the contrary.

b. The SOP of a battalion (separate battery)

or higher artillery headquarters should contain
a section on survey. The SOP for each echelon
must conform to the SOP of the next higher
echelon. Therefore, the survey portion of the
SOP at each artillery echelon should contain
only those survey procedures which the com-
mander desires to make standard throughout
the command. Survey items which the com-
mander desires to make standard only for the
survey unit or section of his headquarters
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should be contained in the SOP for that unit
or section.

349. Purposes of Survey Section SOP

The purposes of the survey section SOP
are—

a. To Simplify the Transmission of the Sur-
vey Plan. Instructions included in a SOP
need not be restated in the survey plan. For
example, if the battalion SOP prescribed the
size of distance angles for triangulation, this
information need not be included in the survey
plan. However, inclusion of this information
in the SOP would not prevent the survey officer
from restating it in the survey plan for em-
phasis.

b. To Simplify and Perfect the Training of
Survey Personnel. Establishment of standard
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procedures for survey operations in a unit in-
sures uniform training and minimizes the need
for special instruction.

¢. To Promote Understanding and Team-
work. In those units which have more than
one survey party, establishment of standard
procedures insures uniform performance of
survey operations and minimizes the time and
effort required for coordination.

d. To Facilitate and Expedite Survey Opera-
tions and To Minimize Confusion and Errors.
When personnel become familiar with, and
employ, standard signals, techniques, and pro-
cedures, they will accomplish their tasks in a
minimum amount of time. Furthermore, use
of standard procedures reduces confusion and
eliminates many errors, which, in turn, ex-
pedites survey operations.




PART FIVE

DETERMINATION OF AZIMUTH BY ASTRONOMIC OBSERVATIONS

CHAPTER 21

BASIC ASTRONOMY

Section 1.

350. General

The effectiveness of any weapon delivery
system depends on its position and orientation
with respect to the target. The direction or
azimuth required for orientation is determined
by survey. The preceding chapters have shown
how azimuth can be determined from existing
survey control and extended by traverse or
triangulation. This procedure, however, re-
quires considerable time and may result in a
possible loss of accuracy in extension. By ob-
serving celestial bodies, the surveyor is able to
determine direction, when and where it is
needed.
351.

Astronomic observations are made by the
artillery surveyor to expedite the following
survey operations:

a. Determining a starting azimuth for a
survey.

b. Checking the closing azimuth of a survey.

¢. Providing orienting azimuths for can-
nons and rockets and associated fire control
equipment.

d. Providing orienting azimuths for missiles
and associated guidance equipment.

e. Determining azimuths for the declination
of aiming circles.

352. The Earth

a. Shape of the Earth. The earth has the
shape of an oblate spheroid (flattened sphere).

GENERAL

The line connecting the flattened ends of the
earth is the earth’s rotating axis, and the points
at which the axis cuts the sphere are called the
north and south poles, respectively.

b. Motion of the Earth. The earth rotates
on its axis from west to east, making one com-
plete rotation each day. As the earth rotates,
it also revolves about the sun in an elliptical
orbit (or plane), completing one revolution
each year. If the earth’s axis were perpendicu-
lar to this elliptical plane, the sun’s rays would
be directed at the Equator throughout the year
and there would be no change in seasons. Be-
cause the axis is tilted 23° 30’ from the per-
pendicular to this elliptical plane, as the earth
revolves about the sun, the rays of the sun are
directed at different portions of the earth above
or below the Equator (fig. 128).

¢. Geographic Coordinate System. Since a
rectangular coordinate system cannot be
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Figure 128. Earth’s orbit showing change in seasons.
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adapted to a sphere, a system utilizing angular
measurements was adopted.

(1) Longitude. Planes were passed
through the earth so that they inter-
sected both poles. The lines which
these planes inscribe on the surface
of the sphere are called meridians of
longitude. A base line for measure-
ment was established when the meri-
dian that passes through Greenwich,
England, was given a value of 0°.
Longitude is measured in degrees,
minutes, and seconds both east and
west of the Greenwich meridian.
Longitude is identified as being east
or west by the initials E (east) or W
(west) (i.e., 90° 24’ 18” W or 40°
12’ 43” E).

(2) Latitude. Other planes were passed
through the earth all parallel to each
other and perpendicular to the earth’s
rotating axis. The lines inscribed on
the earth’s surface by these planes
are called parallels of latitude. The
parallel of latitude halfway between
the poles is called the Equator, which
is given a value of 0° and is used as
a base for measurement of latitude.
Latitude is measured in degrees, min-
utzs, and seconds north and south of
the Equator. Latitude is identified as
being north or south by the initials N
(north) or S (south) (i.e., 34° 48’ 12"
N or 30° 12’ 16” S).

353. The Celestial Sphere

In practical astronomy, it is assumed that
the sun and stars are attached to a giant
sphere, the center of which is the earth. The
stars are so far away from the earth that the
radius of the sphere can be assumed to be
infinite. It is also assumed that the earth
stands still and that the sun and stars on this
celestial sphere revolve around the earth.
Some parts of the celestial sphere are related
to parts of the earth (fig. 129).

a. The points at which the extensions of the
earth’s rotating axis intercept the -celestial
sphere are called the north and south celestial
poles, respectively.

b. The plane forming the earth’s equator
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SOUTH CELESTIAL POLE

Figure 129. The celestial sphere.

when extended to the celestial sphere inscribes
the celestial equator on the celestial sphere.

¢. The extension of any plane forming a
meridian of longitude when extended to the
celestial sphere forms a corresponding line on
the celestial sphere which is called a celestial
meridian or hour circle.

d. The ecliptic is the great circle cut on the
celestial sphere by the plane of the earth’s
orbit. Since the earth is assumed to be sta-
tionary, the ecliptic is assumed to be the path
of the sun. The ecliptic intersects the celestial
equator at two points at an angle of about
2315°,

e. The point at which the sun crosses the
celestial equator moving from south to north
is known as the vernal equinox. The point at
which the sun crosses the celestial equator
moving from north to south is known as the
autumnal equinoxr (fig. 129). The equinoxes
are imaginary fixed points on the celestial
sphere and revolve about the earth with the
stars. The sun occupies the same position as
the vernal equinox once each year on or about
the 21st of March and the same position as
the autumnal equinox on or about the 21st of
September.




Elements relative to observer’s
position.

Figure 130.

354. Observer's Position

a. The zenith and nadir for any point on the
earth’s surface are the two points on the
celestial sphere where the extended plumb
line of the observer’s instrument intersects the
sphere. The zenith is the point directly above
and the nadir is the point directly below.

b. The observer’s geographic locations are
as follows:

(1) The latitude of the observer’s location
is the angular distance of that point
north or south of the Equator.

(2) The longitude of the observer’s loca-
tion is the angular distance of the
point east or west of the prime merid-
ian.

c. The line of longitude which passes
through the observer’s position is called the
observer’s meridian, and the celestial meridian
which passes through the zenith is called the
observer’s hour circle (fig. 130).

d. The observer’s horizon is a great circle
on the celestial sphere, formed by a plane tan-
gent to the earth at the observer’s location and
the perpendicular to the plumb line of the ob-
server’s instrument (fig. 130).

e. A vertical circle is any circle on the celes-
tial sphere passing through the zenith and
nadir of a point (fig. 130).

f. The prime wvertical is the vertical circle
perpendicular to the observer’s meridian at the
zenith, which intersects the horizon at points
directly east and west of the observer (fig.
130).

355. Position of a Celestial Body

The positions of celestial bodies are located
in the sky by two methods:

a. Equator System. The celestial body is lo-
cated on the celestial sphere much the same as
the observer is located on the earth. The two
coordinates in this system are right ascension
(RA) and declination (dec) (fig. 131).

(1) Right ascension is comparable to
longitude and is the distance in hours
(h), minutes (m), and seconds (s)
measured eastward from the vernal
equinox to the hour circle of a celes-
tial body.

(2) The declination of a celestial body is
comparable to latitude and is the dis-
tance in degrees, minutes, and seconds
measured north or south of the celes-
tial equator to a celestial body. If the
celestial body is north of the celestial

RIGHT
ASCENSION

DECLINATION

VERNAL —

EQUINOX

Figure 131. Equator system of locating a celestial body
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equator, the declination is plus (+);
if it is south, the declination is minus
(—).

b. Horizon System. The celestial body may
also be located in the sky with reference to
the observer’s known geographic location. The
two coordinates of this system are azimuth and
altitude (fig. 132). These coordinates can be
used to locate the celestial body from one point
for one time only, because the sun and stars
change rapidly in location with reference to
the position of an observer on the earth.

(1) The azimuth to a celestial body from
the observer can be either determined
by computation of an astronomic ob-
servation of the celestial body or
measured with an instrument from a
known azimuth.

(2) The altitude of a celestial body is the
vertical angle measured at the ob-
server’s position from the observer’s
horizon- to the celestial body.

356. Time

Two general classes of time are encountered
in astronomy. These are sidereal time based

NORTH CELESTIAL POLE

ZENITH

Figure 182. Horizon system of locating a celestial body

200

on the stars and solar time based on the sun.
Both classes of time are based on one rotation
of the earth about its axis, or 1 day. Assuming
that the earth stands still, the day is based on
one complete revolution of the celestial sphere
(or the sun, for solar time), about the earth.

a. Sidereal time (ST) is based on a sidereal
day or the length of time it takes a star to
make a complete revolution around the earth.
The point from which the sidereal day is
measured is the vernal equinox. The sidereal
day for any point begins when the vernal
equinox crosses the meridian of that point and
ends when the vernal equinox again crosses
that meridian. Sidereal time for any point at
any instant is the number of hours, minutes,
and seconds that have elapsed since the vernal
equinox last passed the meridian of that
point. Sidereal time is not satisfactory for
everyday use because the vernal equinox
crosses a meridian at noon on the 21st of
March, but each day thereafter it crosses about
3 minutes 56 seconds earlier so that on the 21st
of September it crosses at midnight.

b. Solar time is based on a solar day. There
are two types of solar days—one based on the
apparent or actual movement of the sun and
the other on a fictitious or mean sun.

(1) Apparent solar time is based on the
length of time that it takes the sun
to make two successive crossings of
the same meridian. Apparent solar
days vary in length owing to the
sun’s inconsistent rate of movement
along the ecliptic.

(2) In order to have days of equal length,
a mean solar day was devised which
was based on a fictitious sun moving
uniformly in its apparent path around
the earth. This mean solar day is
approximately the same length as the
average apparent solar day. Mean
solar time is based on this mean solar
day which is divided into 24 hours,
each consisting of 60 minutes.

(3) The equation of time is the computed
difference in hours, minutes, and sec-
onds between apparent solar time and
mean solar time. The equation of
time varies from plus (+) 16 minutes
to minus (—) 14 minutes. To convert
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mean solar time to apparent solar
time, the equation of time is added
algebraically to mean solar time.

357. Time Arc Relationship

Since the sun or stars apparently revolve
around the earth once every 24 hours, then it
follows that the apparent rate of movement
on the celestial sphere is 15° of longitude or
arc per hour.

358. Standard Time and Time Zones
Local mean time (LMT) changes 1 hour for
each change of 15° of longitude. Since the sun
moves from east to west, time increases from
west to east and decreases from east to west.
For example, with Greenwich as a baseline for
time measurement, time changes 1 hour for
each change of 15° of longitude (arc) west-
ward from Greenwich. Time differs in whole
hours from Greenwich mean time (GMT) at
15° W, 30° W, 45° W, etc. (fig. 133). To
standardize the time within a certain area,
lines of longitude at which time differs from
Greenwich mean time in whole hours are used.
A time zone area extending 714° from each
side of these lines has the same time as that
meridian unless otherwise specified by civil au-
thorities. For example, the time zone for the
45° W meridian would extend from 37° 30’ W
to 52° 30 W. In the United States, there are
four time zones (fig. 134). These zones are
based on the 75° W, 90° W, 105° W, and
120° W meridians and are called eastern, cen-

tral monuntain

spectively.

359. Greenwich Mean Time

All computations of astronomic observations
in the artillery are based on Greenwich mean
time. In order to determine Greenwich mean
time for the local mean time of observation,
a correction must be applied for the difference
in hours between local mean time (standard
time) and Greenwich mean time (standard of
civil time) (figz. 1835). For example, if the
longitude of the observer is 92° 13’ 42” W and
the civil or mean time at that point is based
on the standard time of the 90° W meridian,
then there is a 6-hour difference or correction
to be applied to the local mean time of observa-
tion in order to determine the Greenwich mean
time of observation.

________

180°

NORTH
CELESTIAL POLE

LOCAL MEAN
TIME

OBSERVER'S

MERIDIAN GREENWICH

MEAN TIME

GREENWICH
MERIDIAN

Figure 185. Greenwich mean time.

360. Greenwich Sidereal Time

Greenwich sidereal time (GST) is the length
of time that has elapsed since the vernal
equinox last crossed the Greenwich meridian
(fig. 136). Greenwich sidereal time can be de-
termined from Greenwich mean time by adding
the sidereal time at 0" Greenwich mean time
on the date desired and the correction to side-
real time for Greenwich mean time to the
Greenwich mean time. For example, if the

NN

GREENWICH\

GREENWICH
SIDEREAL TIME

VERNAL e

EQUINOX

Greenwich sidereal time.

Figure 136.
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Greenwich mean time was 19* 13= 45° on the
21st of July 1961, by adding 19® 13= 45°
(Greenwich mean time), 19 54= 05¢ (sidereal
time at 0" Greenwich mean time), and 3= 10¢°
(correction of sidereal time at Greenwich mean
time), the Greenwich sidereal time is 15% 11=
005 (39" 11 005 — 24t), All computations in
artillery survey dealing with sidereal time are
based on Greenwich sidereal time.

361. Greenwich Apparent Time

Greenwich apparent time (GAT) is the
length of time that has é¢lapsed since the sun
last crossed the 180th meridian (fig. 137).
Greenwich apparent time is determined by
algebraically adding the equation of time for
0t (GMT) and the correction for the partial
day (GMT) to Greenwich mean time. Green-
wich apparent time is used in artillery survey

Section Il.

362. General

Determination of azimuth by astronomic ob-
servations involves the solution of a spherical
triangle visualized on the celestial sphere (fig.
138). The desired result of an astronomic ob-
servation, azimuth to the body, is determined
by solving the triangle for the value of the
azimuth angle. This value can be computed
when certain other parts of the triangle are
known. The triangle is called the astronomic
triangle or the PZS triangle. The letters PZS
stand for the three vertexes of the triangle;
namely, the pole, the zenith, and the star
(sun). The three sides of the triangle are the
polar distance, the coaltitude, and the colati-
tude. The three angles are the parallactic
angle, the azimuth angle, and the local hour
angle. -

363. Determining the Sides of the
Triangle

To determine the sides of the astronomic
triangle, certain basic factors covered in para-
graphs 353 through 362 are applied.

a. Polar Distance. The declination of a
celestial body is similar to latitude in that it
is the angular distance north or south of the
celestial equator measured along the hour circle
of the celestial body, but, instead of giving it
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Figure 187. Greenwich apparent time.

astronomic computations for azimuth of the
sun by the hour-angle method.

ASTRONOMIC TRIANGLE

Local hour angle

Paraliactic

Figure 138. Celestial sphere with three sides and three
angles of astronomic (PZS) triangle.

a value of north or south, it is given a positive
(+) sign if it is north of the celestial equator
and a negative (—) sign if it is south of the
celestial equator. The angular distance from
the equator to the pole being 90°, then the
angular distance from the celestial body to the




pole (polar distance) is determined by alge-
braically subtracting the declination of the
celestial body from 90° (fig. 138). For example,
if the declination of the celestial body is —13°
06’ 45”, then the polar distance would be 90°—
(—13° 06’ 45”) or 103° 06’ 45”.

b. Coaltitude. In order to determine the
coaltitude side of the astronomic triangle, the
corrected or true altitude must first be de-
termined from the measured vertical angle to
the celestial body by applying a correction for
refraction (and for parallax for the sun only).
Since the angular distance from the observer’s
horizon to the zenith is always 90°, the true
altitude subtracted from this figure will give
the coaltitude (fig. 138). For example, if the
corrected altitude of a celestial body is 28° 30’,
then the coaltitude would be 90° — 28° 3¢/, or
61° 30'.

¢. Colatitude. The latitude of the observer is
the angular distance north or south of the equa-
tor along the observer’s meridian. This same
angular distance exists between the celestial
equator and the zenith on the celestial sphere.
The angular distance from the equator (celes-
tial equator) to the pole (celestial pole) is 90°.
The angular distance from the zenith to the
pole (colatitude) is found by subtracting the
latitude of the observer from 90° if the ob-
server is in north latitude (fig. 138). For ex-
ample, if the observer’s latitude is 34° 13’ 30”
N, the colatitude would be 90°¢ — 34° 13’ 30” or
55° 46° 30”. In soulh latitude, the colatitude is
found by adding the latitude of the observer
to 90°.

LMT of observation _______

364. Determining the Angles of the
Triangle

The angles of the astronomic triangle are de-
termined as follows:

a. Parallactic Angle. The parallactic angle
is the interior angle at the celestial body and
is used in the formula for determining azi-
muth by the hour-angle method but cancels out
in the computations.

b. Azimuth Angle. The azimuth angle is the
interior angle of the astronomical triangle at
the zenith and is sometimes referred to as the
zenith angle. This angle is the product of com-
putations and is used to determine the true azi-
muth to the celestial body from the
observer. The angle can either be to the east
or west of the observer’s meridian, depending
on whether the celestial body is east or west of
the observer’s meridian.

¢. Local Hour Angle. The local hour angle
is the interior angle of the astronomic triangle
at the pole and is used only in hour-angle com-
putations for azimuth. The local hour angle is
determined in two ways, depending on whether
the observation is made on the sun or on a star.

365. Examples of Determination of the
Local Hour Angle

a. The local hour angle (LHA) for a star
(figs. 139 and 140) is determined first by sub-
tracting the right ascension of the star from
Greenwich sidereal time which determines the
Greenwich hour angle (GHA) (the time since
the star last crossed the Greenwich meridian).
The Greenwich hour angle is then converted
into degrees, minutes, and seconds of arc, and

Correction for time zone _________________
GMT of observation ____________________

Sidereal time at 0" GMT _.____

Corrections for sidereal time for GMT _____

GST of observation __________

RA of Altair for 1 April 1961 ____________
GHA of Altair at time of observation .____

GHA of Altair in arc

Longitude of observer (W) _______________

LHA of observer __ ——

Hours Minutes Seconds
2 00 00
------- + 6 00 00
________ 8 00 00
+12 36 27
_______ 1 19
- 20 37 46
_______ -19 48 53
_______ 0 48 53
Degrees Minutes Seconds
_____ 12 13 15
_______ (—)94 39 14
—82 25 59
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the longitude of the observer is algebraically
subtracted from the value of the angle, which
gives the local hour angle. If the local hour
angle is minus or less than 180°, this value is
to be used in computations ; if the value exceeds
180° and is less than 360°, the value to be used
in computations is 360° minus the local hour
angle; if the value above exceeds 360°, the
value to be used in computations is the local
hour angle minus 360°. For example, suppose
that an observation is taken on Altair from
longitude 94° 39’ 14” W at 0200 hours central
standard time (CST) on 1 April 1961.

EREENWICH MERIDIAN

GREENWICH

OBSERVER'S SIDEREAL TIME

LONGITUDE

GREENWICH

OBSERVER HOUR ANGLE

LOCAL HOUR
ANGLE

K-—sTAR
RIGHT ASCENSION

VERNAL EQUINOX

Figure 139. Determining the local hour angle (star)

(observer in east longitude).

LMT of observation

GREENWICH

Figure 140. Determining the local hour angle (star)
(observer in west longitude).

b. The local hour angle for observations on
the sun is determined by subtracting the longi-
tude of the observer from the Greenwich hour
angle (which is Greenwich apparent time plus
or minus 12 hours).

Correction for time zone (73° 19’ 43" W)
GMT of observation

Equation of time at 0" (23 July 1961) _____
Correction for daily change for GMT _____

GAT of observation __

GHA of sun ____

GHA of sun in arc

Longitude of observer (W)

LHA of sun for observer

Ezample:

Hours Minutes Seconds

9 30 22

________ + 5 00 00

14 30 22

_______ — 06 22

_______ — 01

- 14 23 59

—12 00 00

- 2 23 59
Degrees Minutes Seconds

35 59 45

—73 19 43

—37 19 58

¢. In both cases in @ and b above, east longi-
tude is understood to be minus and west longi-
tude to be plus; therefore, in subtracting east
longitude, it would mean algebraically sub-
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tracting a minus quantity or value. If the re-
sult is negative, the celestial body is east of the
observer, and, if the result is positive, the
celestial body is west of the observer.




366. Determining Azimuth in South
Latitude

If the observer is in the Southern Hemi-
sphere, there are different techniques for de-
termining parts of the PZS triangle and the
azimuth determined will be based on the south
pole.

a. The coaltitude, the colatitude, and the
local hour angle are determined in the same

Section Il

367. General

Astronomic observations for azimuth require
that the personnel engaged in performing the
fieldwork be capable of readily locating and
identifying any of the stars listed in the Army
Ephemeris, TM 6-300-61. These stars can be
identified by using either (or both) of the two
identification aids discussed in paragraphs 3€8
and 369.

368. Star Chart

The world star chart (fig. 141) based on the
equator system shows most of the brighter
stars in the heavens. All of the stars listed in
TM 6-300-61 are shown as well as many others
which aid the observer in locating these stars.
The approximate right ascension and declina-
tion can be obtained from this chart and can
be used as arguments to enter the chart.

369. Identification of Stars

a. Proficiency in star identification is usually
based on a working knowledge of the constella-
tions (star groups) and their relative locations.
Starting with such familiar constellations as
Orion (a kite-shaped figure on the celestial
equator visible during the winter months), or
Ursa Major (the Big Dipper), anyone should
soon be able to lead himself from constellation
to constellation across the sky. If, for example,
one follows the arc of the Big Dipper on
around, it will lead him directly to the star
Arcturus and eventually to Spica in the con-
stellation Virgo. Also, the end stars in the
bucket of the Big Dipper (Dubhe and Merak,
fig. 141) will lead the observer directly to Leo.
These two stars are often referred to as the
pointers since they are the most common

manner as for the observer in the Northern
Hemisphere.

b. The polar distance is determined by
algebraically adding the declination of the
celestial body to 90° with due regard to the
algebraic sign of the declination.

¢. The azimuth determined will be based on
the south pole. The azimuth is corrected for
convergence, and 180° is either added to or
subtracted from the azimuth to determine the
azimuth based on grid north.

STAR IDENTIFICATION

means used to locate Polaris, the North Star,
when followed in the opposite direction from
Leo. Figure 141, however, does not make this
apparent because of distortion in the polar
areas. Unfortunately, star charts, like maps,
have to be printed on flat sheets of paper, and
some of their relative positions are bound to be
disturbed on the world star chart. Except for
the stars near the celestial equator, the distor-
tions on the world star chart are greater than
they would be on a hemisphere star chart, but
the world star chart is very useful because the
declinations and right ascensions are shown
graphically. The star chart indicates the
relative position of the stars as viewed in the
sky.

b. The first efforts should be concentrated
on learning a half dozen stars in each 6 hours
of the right ascension, which would be useful
for observing on or near the prime vertical or
as east and west stars. For instance, there are
several stars just east of the constellation Orion
forming a large pentagon with the « Canis
Minor (Procyon), near the center. Greek let-
ters were originally assigned in each constel-
lation to the stars in order of the relative
magnitude; these were only relative, but the
« stars are nearly always bright and many of
them have special names. The stars are rated
in order of brightness from first magnitude to
fifth or sixth, which are the dimmest that are
ordinarily visible without a telescope. On the
star chart, the magnitude is indicated by con-
ventional signs, and it is also shown in TM
6-300-61. After learning the locations of
Castor, Pollux, Regulus, Alphard, Sirius, and
other stars in this part of the heavens, it is
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easy to include others coming up from the east,
as the night or season advances.

370. Star Identifier

The star identifier (fig. 142) based on the
horizon system is issued to all artillery units
that are issued a transit or a theodolite. It
assists in locating stars by providing the ap-
proximate true azimuth and altitude to each
given star. (It can also be used to identify
stars of which the approximate true azimuth
and altitude are known.) All stars shown on
the star identifier are listed in the table,
“Alphabetical Star List,” in TM 6-300-61 and
are shown in figure 141. The star identifier
consists of a base and ten templates. Nine
templates are used in star identification and
one template with moon and planet data is
not used in artillery survey. One side of the
base, marked N is used in the Northern Hemi-
sphere. The other side of the base, marked S
is used in the Southern Hemisphere. A template
is furnished for each 10° difference in latitude
from 5° through 85°. One side of each template
is used for the given latitude in the Northern
Hemisphere. The other side is used for the
same latitude in the Southern Hemisphere. The
template constructed for the latitude nearest
the latitude of the observer must be used. To
use the star identifier—

a. Select the proper template and correctly
place it on the appropriate side of the base.

Figure 141.

b. Determine the orientation angle as fol-
lows:
(1) Estimate the watch time at which the
observations are to begin.

(2) Determine the orientation angle, using
DA Form 6-21 (par. 371).

¢. Set the arrow on the template over the
orientation angle.

d. Read the approximate true azimuth and
the approximate altitude of any star on the
base that is within the observer’s field of vision
(stars having altitudes between 20° and 45°
and azimuths between 60° and 120° or between
240° and 300° should be selected).

e. Orient the star finder so that the pointer
on the template is pointing approximately to-
ward true south. The stars will then appear
at the approximate altitudes read from the star
finder; the approximate azimuth to the star is
as read from the star finder in the Northern
Hemisphere or equal to the azimuth read from
the star finder minus 180° in the Southern
Hemisphere.

371. Use of DA Form 6-21, Computation
and Instructions for Use With Star
Identifier

Figure 143 shows the entries made on DA

Form 6-21 for determining data in finding and

identifying stars. Instructions for the use of

the form are contained on the reverse side of

the form (fig. 144).

World star chart.

(Located in back of manual)
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Figure 142. S/ta/r identifier.

209



210

COMPUTATION AND INSTRUCTIONS FW USE WITH STAR IDENTIFIER
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Figure 143.

PREVIOUS EOQITIONS OF TNIS FORM ARE OBJOLETE.

Entries made on front of DA Form 6-21.




TABLE 1t
DAY MONTH DAY
5 uotth| 7an Pes | wam | APR | MAY | sum | JuL | AvG | ser | ocT | Wov | Dec -g-' ™

1 100 | 1% | e | 1ee* | e 240°| 276°.] s09° | sS40 | 0 | e 1

2 101 152 | vse | e | 20 | 280 | a7 | 510 | 3y 10 a 70 )

s w2 | s | wo wr | o220 | 250 | 230 | s | 42 n @ n 3

4 10 14| W | w2 | o | oasa | 2w | 512 | s 2 4 n 4

[] . 198 | w2 { | 22| 233 | 203 | NS | 344 18 “ n []

. 108 | 156 | vey | vea | 225 | 234 | 209 | 316 | 348 " a8 7% .

? 104 37 44 15 4 | 238 304 | 315 | 34 19 44 7% 7

. vr | sy | ves | 19s | ms | ase | 305 | 516 | s " LY 7 .

’ vos | 138 | ves | 197 | 226 | 257 | 386 | 57 | 2a0 114 “ ” ’

0 0 12y | Wy | ve | 227 | 288 | 387 | sie | e . o ] 0

" 1o 140 | 18 " m | 239 | 298 N9 | ss0 " 30 7 n

[ 150 ,'ﬂ" 4 ]l m (i} e | 200 | 320 | 260 | 209 | 530 | 380 20 9 0 1)

8 L4 13 M2 f wal o | 200 | 250 | 260 | 200 | 520 | a0 N s2 L] 1

[ 180 " ns | | 2020 | M| 22 | | 32 | W 2 [T} [}] "

wesT LonG [ .7: 1] na | e 12 | 208 22 | 25 | | aa | 38 n s4 (3] 11}

z Ll B B Ng | us | ) 7 | 364 | 395 | 324 | WM 214 33 (2] %

LU G ', 1w ne | v | e 204 | 204 | 263 | 204 | 225 | 339 1] L (1} |1

(] 30 L nw | w | 20 | 15 | 206 | 293 | s2¢ | 3% 2¢ (1] " 1.

’ s |7 " ne vas | 176 | 206 | 16 | 207 | 3% | 227 | 3® 7 s 3 1]
Q 20 ne 149 wm 07 27 268 297 18 338 n 30 (1]
[ n 120 | w0 | 208 | 258 | 209 | 208 | 329 | 230 29 (1 (1]
s ” m 15 we o200 | 230 | 270 | 200 | 330 ° S0 ] [
4 2 123 152 | wo | 30 | 240 | 27 | 300 | 1 n 2 (1}
u u s | | wm m | 7 | 300 | 333 2 ” o ”
v 23 124 134 | w2 | Mm 242 | ann | 303 | s3s ] ” o ”
v 2 128 158 | w | a3 | e a4 | 208 | 24 4 34 “ ”
x 37 | e 186 | 184 | a4 | 3ea | 275 | 304 | 338 ] t 1] . ”
v wo p.:] 28 [E1 157 | s ns | s | are | 308 | 234 . » “ 96
- prpes 29 e | s | e Ns | 246 | M 06 | w7 14 7 7 97
) 5 so § 10 187 | 07 | 247 | 277 | so7 | 358 . » o8 ”
to n | se e | s | 08 | 9 [ 9 ”»

GIVEN:
Time zone of area of operation,
Latitude and longitude of saiion to nearesi degree.
Preselecied local daie of observavion,
Preselecied watch time of observation 10 neares hour,
GUIDE:
When observaiion is 10 be made at other than preseiected watch 1ime ((2) of computaiion), increase orientation
angle ((11) of computation) 1 degree for each 4 minutes of elapsed 1ime afier 1he hour or decrease orientation angle
1 degree for.each 4 minuies of time before the hour.
Select stars beiween 20 and 45 degrees (60 degrees if a special eyepiece is available) above horizon and within
30 degrees of a 90-degree or 270-degree azimuth (east - west line) to use the altitude meihod.
Select four stars for each schedule, 1wo in the east and 1wo others in the west.
Read APRX AZIMUTH and APRX ALTITUDE of stars from templaie of siar identifier 10 neares) degree.
When using a mil-graduated instrument, convert APRX AZIMUTH and APRX ALTITUDE to mils using tabie 111b
of TM 6-230,
LIMITATIONS:
The altiwde and hour-angle methods should no1 he used when the star is more than 60 degrees above horizon.
RESULT:

APRX AZIMUTH and APRX ALTITUDE for four schedules of four s1ars each a1 preselecied waich times,

Figure 144. Instructions for use of DA Form 6-21.
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CHAPTER 22

THE ALTITUDE METHOD

Section I.

372. General

The altitude method of astronomic observa-
tion requires the solution of the astronomic
triangle for the value of the azimuth angle.
The three sides of the triangle are used in the
computations (polar distance, coaltitude, colati-
tude). The solution of this triangle has been
simplified by the use of Department of the
Army forms for the computations. The alti-
tude method gets its name from the most criti-
cal element in the solution of the triangle—
the corrected vertical angle to the celestial
body or the true altitude.

373. True Altitude

In the solution of the altitude method of
astronomic observations, the true altitude of
the celestial body must be determined. The
vertical angle te the celestial body ecan be deter-
mined by the observer but this is not the true
_ altitude because the observer is located on the
earth’s surface and also because of the earth’s
atmosphere (b below). There are two correc-
tions—parallax and refraction.

a. Parallax. Because the sun is so close to
the earth, there is a difference between the
vertical angle to the celestial body at the earth’s
surface and the vertical angle to the celestial
body at the earth’s center. This difference is
called parallax and is equal to the angle at the
center of the sun between the center of the
ecarth and the observer. This difference is
negligible on vertical angles to the stars be-
cause they are so far from the earth. The cor-
rection that is to be applied in artillery survey
to the vertical angle observed on the sun is
+07 seconds (0.04 mil) ; this is a mean value
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and is always applied to altitude observations
made on the sun.

b. Refraction. Owing to the density of the
earth’s atmosphere, a ray of light from space
is bent downward to the earth as it passes
through the atmosphere. Therefore, an ob-
server on the earth sees the celestial body
higher in the heavens than it actually is. The
refraction correction varies according to the
air temperature and the altitude of the celestial
body observed. The refraction correction is
always minus and is obtained from the ephe-
meris by using the air temperature at the sta-
tion and the observed vertical angle to the
celestial body.

374. Required Field Data

The field data which must be obtained to de-
termine direction by the altitude method of
astronomic observation are as follows:

a. Mean horizontal angle from an azimuth
mark to the celestial body (sun or star).

b. Mean vertical angle to the celestial body.

¢. Date and mean time of observation (cor-
rect to nearest 5 min).

d. Air temperature.

e. Geographic coordinates of station.

f. UTM (UPS) coordinates (whenever pos-
sible).

g. Approximate azimuth to the azimuth
mark.

375. Selection of Astronomic Observation
Station

When other survey operations do not deter-

mine the location of the point at which astro-

nomic observations must be made, a point with

known geographic coordinates should be se-




lected. If that is not possible, a point with
known grid coordinates should be selected. If
neither of these is possible, a point should be

Section |II.

376. General

Field data for determining azimuth by astro-
nomic observation consist of the horizontal
angle between an azimuth mark and the ob-
served celestial body, the vertical angle to the
body (altitude method only), the time of the
observation, the temperature at the time of
the observation (altitude method only), and
the location of the observing station in both
geographic and grid coordinates.

377. Determining Horizontal and Vertical
Angles

The instruments used to observe celestial
bodies are the T16 theodolite or the T2 theo-
dolite. Angles are determined in much the
same manner as in any other method of sur-
vey; i.e., the angle is determined by comparing
the mean pointing on one station with the
mean pointing on another. Since celestial
bodies appear to be moving, the technique of
pointing is slightly modified. Also, since the
sun presents such a large target, special tech-
niques must be employed to determine its
center.

378. Use of the T16 Theodolite in
Astronomic Cbservations

a. The T16 theodolite is equipped with a
solar circle on its reticle (fig. 145). This per-
mits an observer to view the sun in such a
manner that the vertical and horizontal cross-
lines of the instrument are directly over the
center of the sun. The initial pointing on the
azimuth mark is made with the telescope in
the direct position. The telescope is then
pointed toward the sun. The sun is placed in
the solar circle and tracked by using both the
horizontal and vertical tangent screws. When
the sun is as nearly centered in the solar circle
as possible, the observer announces TIP, levels
the collimation level bubble, and reads the ver-
tical and horizontal circle readings. The tele-
scope is then plunged and the process repeated
with the telescope in the reverse position.
With the telescope still in the reverse position,

selected which can easily be located on a large-
scale map; i.e., a point which is easily identi-
fiable both on the map and on the ground.

DETERMINING FIELD DATA

the final pointing is made on the azimuth mark,
the mean data can now be determined.

Caution: Do not view the sun directly
through the telescope unless the sun filter has
been affixed to the eyepiece.

Figure 145. T16 theodolite reticle with solar circle.

b. Stellar observations with the T16 theodo-
lite are performed as outlined in @ above except
that the intersection of the single vertical
crossline and the horizontal crossline is used
rather than the solar circle. This intersection
is placed just ahead of the apparent path of
the star. The star then moves into the inter-
section by its own apparent motion, at which
time the operator announces TIP.

379. Use of the T2 Theodolite in
Astronomic Observations

a. The T2 theodolite is not equipped with a
solar circle for pointing on the center of the
sun (fig. 146). To achieve measurements to
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the center of the sun, measure the angles to
one side of the sun with the telescope direct
and then to the other side of the sun with the
telescope in the reverse position. The resulting
mean angle is the angle to the center of the
sun. This method of determining the center of
the sun is called the quadrant method and can
be used either when the sun is viewed directly
through a sun filter or when the image of the
sun is projected onto a card held to the rear of
the eyepiece of the telescope. To determine the
correct quadrant in which to place the image
of the sun, first determine the direction the
sun is moving. If the motion of the sun is
through the first and third quadrants (from
first to third or from third to first) as viewed
through the telescope or on the card, the
image of the sun should be placed in the second
and fourth quadrants. If the motion of the sun
is through the second and fourth quadrants
(from second to fourth or from fourth to
second), the image of the sun should be placed
in the first and third quadrants. The leading
edge of the sun is always tracked with one of
the crosslines and tangency is obtained with
the other through the sun’s movement. Point-
ings on the sun with the T2 theodolite are
shown in figures 147 and 148. If the sun is
placed tangent to the vertical crossline, it is
brought into tangency with the slow horizontal

TEL REV
PM

TEL DIR

motion. If the sun is placed tangent to the
horizontal crossline, it is brought into tangency
with the slow vertical motion. Because of the
double vertical crossline, the sun must be
placed in one of the two quadrants separated
by the single vertical crossline.

b. For stellar observations, the T2 theodo-
lite is used in the same manner as discussed in
paragraph 378b for the T16 theodolite.

VERTICAL
MEAN HORIZONTAL ANGLE

HORIZONTAL

1
MEAN CENTER OF SUN MEAN
————— —f— vERTICAL
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e

VERTICAL

Figure 146. Method of observing to determine the
mean center of the sun.
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Figure 147.

Quadrants used in Northern Hemisphere for observation with Wild T2 theodolite (direct

observation with dark filter).
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Quadrants used in Northern Hemisphere for observation with the Wild T2 theodolite

(card method).
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Figure 148.
380. Time

a. The times at which pointings are made
on the sun or a star are read and recorded to
the nearest second for both methods of astro-
nomic observation. With the altitude method,
it is not necessary to know time to this ac-
curacy, but recording the time to the nearest
second will give the recorder additional prac-
tice in reading and recording time for the
hour-angle method. Time recorded to the
nearest second will also provide survey person-
nel a means for detecting errors from examina-
tion of field data. When the altitude method is
used for observing a star, it is necessary to

it is necessary to know only the date and time
of observation with an error of not more than
5 minutes. Time correct to 5 minutes can- be
obtained from the message center clock.

b. The watch used by the artillery surveyor
to measure time for astronomic observations
should be a reliable watch with a sweep second
hand.

"c. Watch times are based on standard time
zones, each of which covers a portion of the
earth. In a zone of operations, survey per-
sonnel using astronomic observations must
know the time zone on which their watch time
is based. The time zone on which a watch is
based can be determined from the message cen-

know only the date of observation. When the ter. (Time zone corrections are given in
altitude method is used for observing the sun, table 1.)
Table I. Time Zone Corrections, Local Mean Time to Greenwich Mean Time

Time Zone C?;;‘:f::;’" Time Zone Cmi:::'i;m
Z 0 Z e — — 0
A -1 N ] + 1
B ] - 2 O ] + 2
C_-— —_— - -3 P________ — - + 3
D ] — 4 Q . — + 4
E [ — 5 R — + 5
F o — 6 S + 6
G - —_— - -1 T e - — + 7
H _— — 8 U e + 8
I ____ — ] -9 Ve - _— + 9
Koo _ — —-10 W ____ 410
L —-11 X o —— +11
M o] —12 Y ——- _— +12

Time zone Q corresponds to eastern daylight saving time. Time zone R corresponds to eastern standard time and central day-
Time zone S corresponds to central standard time and to mountain daylight saving time. Time zone T corresponds to
Time zone U corresponds to Pacific standard time.

Note.
light saving time.
mountain standard time and to Pacific daylight saving time.
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381. Time of Observation

Because of the apparent motion of a celestial
body, the watch time at which each pointing
is made on the celestial body should be read
and recorded to the nearest second. To obtain
the accurate time of observation the instrument
operator announces “Ready’’ a few seconds be-
fore the star is at the intersection of the cross-
hairs or before the sun is tangent to the cross-
hairs. He announces “Tip” and stops tracking
at the exact instant of tangency. The recorder
reads and records the time corresponding to
the exact second that the operator announces
“Tip.” The times corresponding to the direct
(first) reading and the reverse (second) read-
ing are meaned. This is the mean time of
observation.

382. Temperature

For the altitude method, it is necessary to
know the air temperature at the time of ob-
servations in order to determine a refraction
correction. The temperature should be deter-
mined within an accuracy of 5° F. The tem-
perature can be determined by using the
psychrometer in a surveying altimeter, or it
can be obtained, by prior arrangement, from
a meteorological or weather section. In an
artillery unit, the temperature can be obtained
from the thermometer used to obtain powder
temperature in a gun section.

383. Geographic Coordinates of the
Astronomic Observation Station

The geographic coordinates (latitude and
longitude) of the astronomic observation sta-
tion must be known for the hour-angle method.
The latitude of the station must be known for
the altitude method. For both methods, it is
desirable to know the geographic coordinates
for the computation of convergence. (The
geographic coordinates of trig points can
usually be obtained from trig lists issued by
the Corps of Engineers.)

a. If the geographic coordinates of the sta-
tion are not known, they are determined, if
possible, by measuring, from a large-scale map.
If the grid coordinates of the station are
known, they should be used to accurately plot
the location of the station on the map. If the
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grid coordinates of the station are not known,
the location of the station must be plotted on
the map by careful map inspection.

b. If the geographic coordinates of the sta-
tion are not known and a large-scale map is not
available but the accurate grid coordinates are
known, the geographic coordinates must be
determined by conversion of the grid coordi-
nates (ch. 27).

c. If the geographic coordinates cannot be
determined by any means, azimuth cannot be
determined by the altitude or hour-angle
method of astronomic observation.

384. UTM Grid Coordinates of the
Astronomic Observation Station

The UTM grid coordinates of the astronomic
observation station should be known in order to
compute convergence through both geographic
and UTM grid coordinates.

385. Approximate Azimuth to Azimuth
Mark

The approximate azimuth to the azimuth
mark should be determined and recorded to
detect large errors in computations. This azi-
muth may be determined by using an M2 com-
pass or the compass of an aiming circle or by
scaling the azimuth from a large-scale map.

386. Recording Field Data

Field data for astronomic observations are
recorded as discussed in paragraph 206.

387. Determination of Final Azimuth

a. Fifth-order astronomic azimuths are
determined by using the T16 theodolite. To
achieve a fifth-order astronomic azimuth, ob-
serve and compute at least three sets of obser-
vations—each set, one position. Mean the azi-
muths and reject any set which varies from
the mean by more than 0.3 mil. At least two
sets must remain and be remeaned to deter-
mine final azimuth. The considered accuracy
of a fifth-order astronomic observation is ==
0.3 mil.

b. Fourth-order astronomic azimuths are
determined by using the T2 theodolite. To
achieve a fourth-order astronomic azimuth, ob-
serve and compute at least three sets of obser-




vations—each set one position. Mean the azi-
muths and -reject any set which varies from
the mean by more than 30”. At least two sets
must remain and be remeaned to determine
final azimuth. The considered accuracy of a
fourth-order astronomic observation is +30”.

388. Azimuth Checks and Improvements

Azimuths may be checked and improved by
using the following methods:

a. A final azimuth determined from observa-
tions on the sun before noon may be checked
and improved by determining another final
azimuth on the sun in the afternoon. The same
observer’s position and azimuth mark are used.
The two final azimuths are meaned.

b. Another method of improving or check-
ing an azimuth is to use an cast and a west
star and mean the final azimuths.

Section lIl.

390. Computation of Astronomic Azimuth

Computations for determination of astro-
nomic azimuth by the altitude method are
entered on DA Form 6-11 (Computation-
Astronomic Azimuth by Altitude Method, Sun
or Star (figs. 149 and 150)). This astronomic
azimuth can be converted to grid azimuth by
using DA Form 6-20 (Computation-Conver-
gence (figs. 151 and 152) (par. 392)).

391. Use of DA Form 6-11

a. Determination of azimuth by the altitude
method depends on solution of the astronomic
(PZS) triangle when the three sides—polar
distance, colatitude, and coaltitude—are known
(par. 363). DA Form 6-11 provides a con-
venient step-by-step means for computing the
azimuth angle (par. 364b) required. The hori-
zontal angle measured from the azimuth mark
to the celestial body observed is applied to the
computed azimuth during the last steps to de-
termine true azimuth to the mark. The formula
solved and a guide for use of the form are
shown on the back of the form.

b. Entries are made on the form as shown
in figures 149 and 150. The data given below
are taken from the field notes.

(1) Station. BnSCP.
(2) Azimuth mark. Station Oak.

389. Limitations

a. For best results with the altitude method,
the celestial body is observed within 30° (azi-
muth) of the prime vertical (60° to 120° and
240° to 300° in azimuth). The vertical angle
is the critical element in the altitude method
but an error in vertical angle has less effect on
the final azimuth throughout this band. A
celestial body should not be observed at alti-
tudes less than 20° because the refraction cor-
rection is very great.

b. Vertical angles of less than 20° have a
large and uncertain refraction correction. (A
5° vertical angle at 80° F. has a refraction
correction of 9’ 06”.) Refraction corrections
for vertical angles less than 20° are not tabu-
lated in TM 6-300—61. Do not attempt to ob-
serve a celestial body above 45° without special
astronomical equipment.

COMPUTATIONS

(3) Latitude. 30° 16’ 21” N.
(4) Longitude. 97° 36’ 42”7 W.
(5) Area. Round Hill.
(6) Approximate azimuth to the azimuth
mark. 3650 mils.
(7) Local date. 29 May 1961.
(8) Temperature. 94° F.
(9) Watch correction. 13 seconds slow
(+13%).
(10) Mean time of observation. 15 22=
128 (D).
(11) Mean vertical angle. 477.3 mils.
(12) Mean horizontal angle. 954.8 mils.

¢. Under certain conditions, auxiliary com-
putations are required to determine data for
entry on DA Form 6-11. Spaces for these com-
putations are provided on the reverse side of
the form.

(1) When observations are made with a
mil-graduated instrument, latitude
and longitude of the observation sta-
tion are converted to mils in the space
provided.

(2) When the sun is the celestial body
observed, an auxiliary computation
for declination at Greenwich mean
time of observation is necessary to
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COMPUTATION- ASTRONOMIC AZIMUTH BY ALTITUDE METHOD, SUN OR STAR
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Figure 149.

Entries made on front of DA Form 6-11 for computing true azimuth from observations on the sun (altitude method).
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AUXILIARY COMPUTATION FOR APPARENT DECLINATION OF SUN
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SETNR SET NR SETNR
1 | creewmich DaTE [181 OF COMPUTATION] 29 m 61 1
| HRY wiN HRY miN HRY wIN
2 | oNT (NOURS ANO MINUTES iw 16) OF COMPUTATION] 21 22 2
X60 X6 0 X60 u
3 | NUMBERS OF HOURS IN (21 X 60 12& 3
4 | NUMBER OF MiwUTES IN12) 22 ;
s | e 12 5 ]
o | OArT Cuance QECLINATION @ 2 785 ] + ! l + ! 1 A
il ke 3 107888 | . . I ;
8| Locoris 0. )+39 =333 . : : } 2
s | coc or comstant 6841 6375/6.841 6375/6.841 6375/
[ RLEXUENT o! 288 ;85 e l i[ E J: o
n ﬂ:::&::;‘;;“:t?gf“cn:umc: 2 1‘5 l . T 1
h T T T Al T 1
12 | AR ST Pt ® 3 .8.03[*r . i | ., |»
w T T
13 [ 1t meecs Lot omop 6 © 2 k] 1+ EE
I . T T T 1 T T
A ST R N C
CONVERSION TO MILS COMPUTATION (USE TABLE Il b OF TM 6-230)
! Ero:c:'-"vul%:v oF FORN) 9701 ﬁ”le "l 10 E::l'ol:lﬁ-[ouv oF FORN) 30 o: 16 I: 2]_"
T . TE N T
2 ::I;I“:?F!mo' - wa. ==l ::Ir.l:is‘ognm 9 ;33 !
L} N T L1
3 :llsl':!u‘o?un ]_6 ; 00 !w 12 ;I:l:[;';lol'llﬂ - { - Ir -
+ | acenees or o P ) e -
T R T
s | Smuttsorin L 8189 [ fmreredhe 1 1.7
t ~ T
B T L 1.8 |s] feadiiie 10
il 120 ] Bl " Too
o 1N UNITS OF 1 ! $UM OF {111 THROUGH 118} T !
8 | seconos or i + 01 [:uvu ™ |I:| on uou\] 5 1 38 - 17
9 E';‘;?:.n;:;:o:&'::l_ ) 17 . 3111 17| Lawo owoa FoRWE-20

GIVEN:
Time zone of area of operation.
FIELD DATA:
Latitudg and longitude of station,
Approximate azimuth to azimuth mark and to sun or star (sketch).
Sun or name(s) and number(s) of selected star(s).
Local date of observation.
Temperature at time of observation,
Mean watch ume of observauon and watch correction.
Horizontal clockwise angle from azimuth mark to sun.
Observed altitude of (vertical angle to) sun or star.
GUIDE:
Enter observed field data in block marked. S
When using a mil-graduated instrument, --
a. (7) through (22) of computation are computed using hundredth-mil values,
b. (6) through (14) of AUXILIARY COMPUTATION are computed using hundredth-
mil values, ‘
c. (2) through (9) and (11) through (17) of CONVERSION TO MILS COMPUTATION
are computed using hundredth-mil values,
d. (23) through (37) of.computation are computed using tenth-mil values.
Value in (37) should be about equal to approximate azimuth to azimuth mark.
Continue computations using DA Form 6-20 to obtain the UTM grid azimuth,
LIMITATIONS:
This form should not be used when accuracies greater than fourth-order are
required,
The alutude method should not be used when the sun or star is--
a. Less than 20 degrees or more than 60 degrees above horizon,
b. More than 30 degrees from a 90-degree or 270-degree azimuth (east-west line).
RESULTS:
A value of astronomic azimuth for each set of observations.
FORMULA:

Cos 1/2 A= '(:gg s Cos (s-p)
Cos Lat Cos h

A = astronomic azimuth of sun or alar meaaured east or west of meridian.
s = 1/2 sum of polar distance, latitude, and true altitude.
1

p =polar distance of celestial body.

Lat = latitide of station. \

h =true altitude of celestial body.

GPO 938877

Figure 150. Auxiliary computations and instructions on back of DA Form 6-11.




determine the value to be entered on
line 12 of DA Form 6-11. The Army
Ephemeris (table 2) tabulates data
for declination of the sun at 0* GMT
for each day of the year and the daily
change from one day to the next. An
interpolation is performed to deter-
mine the fraction of daily change cor-
responding to the difference between
08 GMT and GMT of observation. A
space is provided on the reverse side
of the form for this interpolation. The
following formula is solved:
Change in declination =
GMT of observation x daily change (seconds or mils)

1,440 (minutes in a day)

392. Use of DA Form 6-20

a. Computation for determining the conver-
gence (difference between grid north and true
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north) for the observer’s location is performed
on DA Form 6-20 (figs. 151 and 152) from
geographic and, if possible, from grid coordi-
nates. This convergence is algebraically added
to the astronomic (true) azimuth computed on
DA Forms 6-10, 6-10a, and 6-11 to convert
that azimuth to grid azimuth.

b. The data necessary to compute the con-
vergence are the geographic and grid coordi-
nates of the observer’s location. The con-
vergence for the problem computed in figures
151 and 152 is computed from the following
data:

(1) Station. BnSCP.

(2) Azimuth mark. Station Qak.
(3) Latitude. 30° 16’ 21” N,

(4) Longitude. 97° 36’ 42” W.

() UTM grid coordinates (mearest 100
meters). (633600-3349600).




COMPUTATION - CONVERGENCE (ASTRONONIC AZIMUTH TO UTN GRIL AZINUTH)
(Table Numbere Refer to TN 6-300- 19 61 )
crd 6-120)

STATION AZIMUTN MARK
Bn SCP O OAK
LONGITUOE OF STATION I utMGRIO EASTING OF STATION 6 ' 600
17,35 32 zonz 33 L
LATITUOE OF STATION NORTNING OF STATION
5 38.1 17
e 1| EASTING OF STAT '
N
1| LONGITUOE OF STATION 17 35 ,32 1 G OF STATION 633 . 600
T T 8 T
LONGITUOE OF CENTRAL MERIDIAN 2
3| (FrOM TABLE ON REVERSE) 17 60 ,00 5 0 0 0 0 0
T T * }
[LXUYEY @15 1E (1) 15 a1 600
L LI L Ll L 135132
MORETHAN(D (W —(D 17354 MORE TNAR (1D (1) —(1D) a33 4
3| LEss TNAN(D) (n—(0 13] LESS THAN (12) a1 -y
F (1) IS IN OEGREES, USE (8) OF ‘2h %68 133 }
Y] 3 REPEAT (13) WITN OECIMAL
4| CONVERSION COMP ON REVERSE 14
IE (1) 1SN MILS, REPEAT (31 2'& .68 POINT MOVEO LEPFT SIX PLACES o . 133 1 m
s| LoG (@ I ! 1s| oG g | !
392} 345 9 125, 806
6| LOG SIM LATITUOE OF sTATION [ 16| LOC OF FUNCTION xv I '
. 702, 5k |"| asiew  (18874) b_275, 86k
|
1| BH+@® i ! o094, 889 |7 (15) + (16) 3
NUMBER NAYING LOG (7) = L LOG COMVERSION ‘
10
| First TERM IN sECONDS OR MILS 12. Ll SECONOS 70  MILS 7 . 6 931575
o| secowoTERM (TABLE 8 OR T 19| 'F (V1S MOEGREES, REPEAT (17) '
8-MILS, USE (2) ANO LATITUDE) 0. 00 IF (1) 1S IN MILS, USE (17) 4 (18) 1 095 245
T NUMBER NAVING LOG (19) = LN
{9)4(9)3 CONYERCENCE (N SECONDS OR ML S I 0 FIRST TERM IN.SECONOS OR MILS h
12 .
WWEN STATION 15 1N NORTH LATITUDE AND . _
o T LONG ‘e EAST LONG | 21| SECOND TERM(TABLE 7, use
X 110) 15 110) 154 (11) ANO NORTHING) 0 .00
MORE TMAN (D + -
LESS THAN (1) - + l (20) —(21) = CONYERGENCE tN SECONDS OR l
WHEW STATION IS 1N 3OUTH LATITUDE AMD. . s |
™ VEST LONG ™ EAST LOWG ' VHEW STATION IS 1N NORTH LATITUDE
[LILI (10 1% 0013 LLALAIN S s ]
MORE THANM (D) - + I MORE THAN (1D -
LESS THAN (D) + — l LESS THAN (1D -+ '
S som
10 — 12- ll»b '.".".T.,‘L‘""" m.u\nml |
. - MORE THAN (12) -r
S . LESS THAN (1D - l
. M : S 12 .}

IF (10) ANO (22) OIFFER BY MORE TNAN {:;;‘} REDETERMINE COOROINATES ANO RECOMPUTE ALL COMPUTATIONS
IF (1) 1S IN OEGREES, USE (19) OF + L
| 3| convencence CONVERSION COMP ON REVERSE
1F_(1) 15 1M MILS, REPEAT (22)

SUMMARY OF ASTRONOMIC AZIMUTHS AND COMPUTATION OF UTM GRID AZIMUTH

RO e ASTRONOMIC AZIMUTN REMARK S
P TO AZIMUTN MARK
T T T T
24l ceTum) a
%,33, 8 T
T 1 T T
25| seTwr?
| | 1 1
T B | 1 T
2| SETNR2 | | \ \
T 1
37| sernr
| l |
T 1 T T
n| SET MR L | .
T i T !
»| seTwr
| | 1 -
T T T T
| Sum hO | 33 8 \ |
1 ¥ T
3| MEAM (sIGN +) + +
o 33 8 } }
22| COMVERGENCE + I + ! '
REPEAT (23) B L 12, | ] |
1| ALGEBRAIC suM OF (21) awD 32 I ! T !
= GRID AZIMUTN TO MARK ho, 21, L | 1
COMPUTER CNECKER
SHEET OF _ SNEETS
JONES T 1 "
NOTEBOOK AREA DATE
REFERENCE l&-B-5 ROUND HILL 29 MAY 1961
REPLACES DA FORM 6-20, 1 OCT 52; AND DA FORM 6-24, 1 SEP 52,
D 1 m 56 6 20 WHICH ARE OBSOLETE.

Figure 151. Entries made on front of DA Form 6-20 for converting true azimuth to correct grid azimuth.
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TABLE ~ CENTRAL MERIDIAN OF UTM GRID ZONES

ZONE PEGREES]  mILS ZONE PEGREES|  MILS ZONE [DEGRE MiLS ZONE DEGREES|  MILS

NR |w LoNG] w LoNG | NR |w LoNG] w LoNG | NR |E LONG| E LONG | NR |E LONG] E LONG

1 77 3146.67 16 87 1546. 67 n 3 53.33 46 9 1553.33

2 n 3040. 00 17 81 1440, 00 32 9 150.00 47 [ 1766.00

3 165 2933.33 18 78 1333. 33 13 18 266.67 a 108 1866,67

4 159 2826.67 19 6 1226, 67 34 n 373.33 49 m 1973.33

s 153 2720,00 20 63 1120, 00 3s k% 480.00 S0 17 2080.00

[ 147 2613.33 n 57 1013. 33 3 3 586.67 s 123 2186.67

7 14 2506.67 2 1 906, 67 [ » 693.33 s2 129 2293.33

) 138 2400.00 23 45 800. 00 8 s 800.00 53 135 2400.00

9 129 2293.33 24 39 693.33 39 s1 906.67 [ 141 2506.67

10 13 2186. 67 25 3 586.67 40 s7 1013.33 55 [ 2613,33

n 17 2080. 00 26 27 480. 00 4 6 1120.00 56 153 2720,00

12 m 1973.33 27 0 373.3 4 69 1226.67 [3] 159 2826.67

13 108 1866, 67 28 15 266. 67 ) 7% 133,33 S8 165 213,13

14 9 |00 29 160. 00 “ & | 1440.00 59 mn 3040,00 .
15 [ 1653, 33 0 3 $3.33 4s 87 1545, 67 60 177 314667 '

CONVERSION COMPUTATION

DEGREES, MINUTES, AND SECONDS TO SECONDS SECONDS TO DEGREES, MINUTES, AND SECONDS 1.

1| rEPEAT (O * " | s] repeat (221 oF compuTaTION Ed B
NUMBER OF TIMES 3600 DIVIDES LU )
2| NUMBER OF DEGREES IN (1) [ 110 NYe ) 9 L
’ ' ' - x60 |11 RepeAT (9) '
3| (@ xe0 NUMBER IN (10) X 3600
4| NUMBER OF MINUTES IN (1) an-2)
. NUMBER OF TIMES 60 DIVIDES 1 i
S|@r@ 414110 (13) = NUMBER OF MINUTESINGN 1
x60 15| REPEAT (13)
o] (5) x 60 16| NUMBER 1N (14) X 60
7| numMBER OF sECONDS IN (1) 17| (15 )- (16)=NUMBER OF SECONDS IN (9) S
8] (6)4(7) ENTER IN (4) ON FRONT 18] [ENTER 1N (23) OM ERONT ) Y
GIVEN:

UTM grid zone of area of operation,

UTM grid coordinates of statlon to nearest meter,

Latitude and longitude of statlon to d or one-h
6-11),

A value of asronomic azimuth for each set of observations (DA Form 6-10, 6-10a, or 6=11).

dredth mil (DA Form 6-10, 6-10a, or

GUIDE:
when using a mil-graduated instrument, - -
a. (1) through (5), (7) through (10), and (20) through (22) of computation are computed using
hundredth-mil values,
b. (6) and (24) through (33) of putation are puted using tenth-mil values,
Compare (10) and (22) and, If they differ by more than 4 seconds or 0. 02 mils, redetermine
coordinates and recompute all computations,
LIMITATIONS:
This form should not be used when accuracies greater than third-order are required.
RESULTS:

A value of UTM grid azimuth from the mean values of aswonomic azimuth and the grid convergence
at the station,
FORMULAS:
UTM gr\d azimuth = Astr ica
USING UTM GRID COORDINATES:
Convergence = (XV)q - (xvnq3
(XV) = a variable function based on latltude of station (obtained from TM 6-300-19__, “Army
Ephemeris for 19 _ 7).
q = 0,000 001 times the distance {n meters from central meridian of UTM grld zone to
statlon,
(XVDq3 = second term of convergence computation (obtained from TM 6-300-19__, “Army Ephe-
meris for 19__ 7).
USING GEOGRAPHIC COORDINATES:
Convergence = (XIp + (xul)p3
(XID) = 10,000 times sine of latitude of statlon. '
p = 0.0001 times distance in seconds or mils of arc from central meridian of UTM grid
zone to station,
(xm)p3 = second term of convergence computation (obtained from TM 6-300-19_, “Army Ephe-
meris for 19__ 7).

h + convergence,

7 U. % GOVERIMENT PRINTING CFFICE; 1998 O—-€78M4

Figure 152. Auxiliary computations and instructions on back of DA Form 6-20.




CHAPTER 23

HOUR-ANGLE METHOD L

Section |.

393. General

@. The hour-angle method of astronomic ob-
servation also requires the solution of the
astronomic triangle. The parts of the triangle
that are used are the polar distance, the colati-
tude, and the local hour angle (two sides and
the included angle).

b. The local hour angle is determined from
the time of observation and is directly pro-
portional to the azimuth of the body; therefore,
it is extremely important that it be correct to
the nearest 1 second. The hour-angle method
can be used any time the altitude method is
used, provided time is correct to the nearest
second.

¢. The hour-angle method can be used when
the celestial body is below 20° altitude; how-
ever, as the line of sight approaches the obser-
ver’s horizon, an error (horizontal refraction)
may be introduced which cannot be corrected.

d. If there is no celestial body within the

Section Il.

395. Determining Angles {Hour-Angle
Method)

Except for the method of pointings (pars.
379 and 380) horizontal angles are determined
for the hour-angle method in the same way
that they are determined for the altitude
method. (A set of observations for the hour-
angle method consists of determining horizon-
tal angles—one position for theodolites.)

396. Pointings on Celestial Bodies

(Hour-Angle Method)
The techniques of pointing for the altitude

GENERAL

desirable limits for the altitude method, then
a celestial body which is as near as possible to
the limits should be selected and the hour-angle
method used.

394. Required Field Data
a. The field data required for the hour-angle
method are slightly less than the altitude
method. The data needed to compute the azi-
muth by the hour-angle method are as follows:
(1) Mean horizontal angle from azimuth
mark to celestial body.
(2) Mean time of observation correct to
nearest second (10¢ for Polaris).
(3) Geographic coordinates of observer’s
station and when possible UTM
(UPS) grid coordinates to nearest 100
meters.
(4) Approximate azimuth to azimuth
mark.
b. The vertical angle is not needed for the
hour-angle method.

DETERMINING FIELD DATA

method (pars. 379 and 380) may be used for
the hour-angle method. Alternate methods of
pointing for the hour-angle method are given
in paragraphs 398 and 399.

397. Pointings on a Star {Hour-Angle
Method)

When observing a star for the hour-angle
method, place the vertical crossline just ahead
of the star so that the star will move toward
the crossline., Place the horizontal crossline
approximately on the star. Let the crosslines
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remain stationary. Just before the vertical
crossline is over the star, announce “Ready’.
At the instant that the crossline is over the
star, announce “Tip”. (The recorder reads and
records the watch time corresponding to the
exact instant that the instrument operator
announces ‘“‘Tip”.)

398. Pointings on the Sun (Hour-Angle
Method)

When observations are made with the T16
theodolite, the procedures for pointings on the
sun are as described in paragraph 379a. When
the T2 theodolite is used, either the quadrant
method discussed in paragraph 380 or the fol-
lowing procedures are used: Place the vertical
crossline just ahead of the leading edge of the
sun in the direct position and just ahead of the
trailing edge of the sun in the reverse posi-
tion so that the sun will move into tangency
with the vertical crossline. Place the hori-
zontal crossline so that it approximately bisects
the sun. Let the crosslines remain stationary.
Just before tangency, the observer announces
“Ready”. At the instant of tangency, he an-
nounces “Tip”’. (The recorder reads and re-
cords the watch time corresponding to the
exact instant the observer announces “Tip”.)
Using this method, obtain tangency first with
the leading edge of the sun (telescope direct)
and then with the trailing edge of the sun
(telescope reversed).

- Section lll.

404. Computation of Azimuth by the
Hour-Angle Method

Because of the difference in solar time and
sidereal time, a different form must be used
when the azimuth is computed using a star
than when it is computed using the sun. The
form used for the hour-angle method, sun, is
DA Form 6-10. This form is discussed in
paragraph 405. The form used for hour-angle
method, star, is DA Form 6-10a. This form is
discussed in paragraph 406.

405. Use of DA Form 6-10

a. Determination of azimuth by the hour-
angle method depends on solution of the astro-
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399. Time

When the hour-angle method is used, the
time is not only recorded to the nearest second,
but it must be correct to the nearest second
(nearest 10 seconds for Polaris). The method
for obtaining the correct time from radio time
signals is explained in detail in TM 5-234. The
watch correction should be obtained before and
after the observations. If there is a difference,
the mean time of each observation must be de-
termined by using the corrections.

400. Coordinates

The methods of determining geographic and
grid coordinates and their use are discussed in
paragraphs 384 and 385.

401. Approximate Azimuth Mark

The methods of obtaining the approximate
azimuth to the azimuth mark are discussed in
paragraph 386.

402. Reczords of Field Data

The method of recording field data for
astronomic observations (hour-angle method)
is discussed in paragraph 206.

403. Techniques

The techniques for the hour-angle method
are the same as for the altitude method (par.
387) except the vertical angle is not measured.

COMPUTATIONS

nomic (PZS) triangle when two sides and the
included angle are known. The two sides re-
quired are polar distance (par. 363e¢) and
colatitude (par. 363c¢). The included angle is
the local hour angle (pars. 364c¢ and 365). DA
Form 6-10 provides a convenient step-by-step
means for computing the azimuth angle (par.
364b) required, when the sun is the celestial
body observed. The horizontal angle measured
from the azimuth mark to the sun is applied
to the computed azimuth during the last steps,
to determine true azimuth to the mark. The
formula on which the form is based and a
guide for the use of the form are shown on
the reverse side.

b. Entries made on DA Form 6-10 are




|

shown in figures 153 and 154. The data given
below are taken from the field notes—

(1) Station. Dunce.

(2) Azimuth mark. Water tower.
(3) Latitude. 34° 89’ 48” N.

(4) Longitude. 98° 24’ 18” W.
(5) Area. Gunnery Hill.

(6) Approximate azimuth to
mark. 4,300 mils.

(7) Local date. 12 March 1961,

(8) Watch correction. 1 second fast
(— 01¢).

(9) Mean time of observation. 08t 49
48 (8S).

(10) Mean horizontal angle. 4,085.5 mils.

azimuth

¢. Spaces are provided on the reverse side of
DA Form 6-10 for the auxiliary computations
required.

(1) Declination of the sun at Greenwich
mean time of observation is com-
puted as explained in paragraph
391¢(2) for entry on line 18 of the
form.

(2) Conversion of latitude and longitude
to mils is performed on the reverse
side, when required.

(8) A space is provided for conversion of
time to are, for entry on line 12 of
the form.

406. Use of DA Form 6-10a

a. DA Form 6-10a is used to compute azi-
muth by the hour-angle method when a star
is the celestial body observed. The form is
used to solve the astronomic (PZS) triangle in
the same manner as DA Form 6-10. The steps
performed are the same except that the local

hour-angle is determined from sidereal time
and right ascension instead of from apparent
time. Declination of a star is obtained from
the Army Ephemeris for Greenwich date of
observation, eliminating the auxiliary compu-
tation required when the sun is observed.

b. Entries made on the form are shown in
figures 155 and 156. The data given below are
taken from the field notes. The example is
from a fourth-order observation.

(1) Latitude. 34° 39’ 48” N.
(2) Longitude. 98° 24’ 18” W,
(8) Approximate azimuth to mark. 240°,
(4) Local date. 11 March 1961.
(5) Azimuth mark. Water tower.
(6) Station. TS-T.
(7) Star. Polaris.
(8) Mean time of observation. 19® 58™
36 (S).
(9) Watch correction.
(+ 25°).
(10) Mean horizontal angle. 114° 34’ 20”.
(11) Area. Gunnery Hill
¢. Spaces are provided on the reverse side

of the form for certain auxiliary computations
required.

(1) Conversion of latitude and longitude
to mils, when required.

(2) Conversion of time to are, for entry
on line 12 of the form.

25 seconds slow

407. Grid Azimuth

DA Form 6-20 determines the convergence
to be applied to the astronomic azimuth com-
puted on DA Forms 6-10 and 6-10a.
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Figure 153. Entries made on front of DA Form 6-10 for computing true azimuth from observations on the sun, hour-angle method.
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CONVERSION COMPUTATION (TABLE 5)
NOURS, MINUTES AND SECONDS (TIME) TO DEGREES, MINUTES AND SECONDS OR MILS (ARC)
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1
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GIVEN:
Time zone of area of operation.
FIELD DATA:
Latitude and longitude of station.
Approximate azimuth to azimuth mark,
Name(s) and number(s) of selected star(s).
Local date of observation.
Mean watch time of observation and watch correction to nearest second.
Horizontal clockwise angle from azimuth mark to star.
GUIDE:
Enter observed field data in block matked. E
When using a mil-graduated instrument, - -
a. (2) through (5) of CONVERSION COMPUTATION are computed using hundredih-
mil values.
b. {2) rhrough (9) and (11) through (17) of CONVERSION TO MILS COMPUTATION
are computed using hundredth-ml values.
¢. (12) through (24) of computation are computed using hundredth-mil values.
d. (25) through (41) of compwarion are computed using tenth-mil values.
Value wn (41) should be gbout equal to approximate azimuth to azimuth mark.
Continue computations using DA Form 6-20 to obtain the UTM grid azimuth.
LIMITATIONS:
This form should not be used when accuracies greater than fourth-order are required.
The hour-angle method should not be used when the star is more than 60 degrees
above horizon,
RESULTS:
A value of astronomic azlmuth for each set of observations.
FORMULAS:

ten 1/2 )-cos l§2 H:u-ng;;
en 1/2(A+4 “sin o +Dec) ©°! /2t
ran 1/2 (A—q)_ ain 1/2 (a1 ~

V= AR TR o v2e

A =zastronomic azimulh of star measured eaal or wesl of meridian.
q = parallaclic angle (cancels in compulalions).

Lat = lalilude of alarion.
Dec = declination of star,

t  =hour angle (less than 12 of star,

11N GDVENSMENT VHINTING OFFICE 1958 () - 456438

Figure 154. Auziliary computations and instructions on back of DA Form 6-10.
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Figure

155.

tion on the star Polaris, hour-angle method.

Entries made on front of DA Form 6-10a for computing true azimuth from fourth order observa-



6T

CONVERSION COMPUTATION (TABLE S)
HOURS, MINUTES AND SECONDS (TIME) TO DEGREES, MINUTES AND $SECONDS OR MILS (ARC)

30T e WY e . WY e
T
v [ vior compuTaTIoN 2 “l 39 ¥ € h: -l' g h: -: ®,
—
g
2 | ovcrees on wiLs e wouRs o8 111 5 133 2 j ; : : N
T
1 { OECHEES AND WNUTES OR WILS M MORITES OF 1) 1 173 : . : : N
“ T
4 | mmuTes ano 1ECOMDY 0N wR3 v 3£ CONDS OF (1) : 1 ! ' : , ‘
2 1
ELIL 0] T T T T
3 { {Ewren 1w 11 0w PrOMT) 7 11'0 . ) K \ 3

CONVERSION TO MILS COMPUTATION (USE TABLE Il b OF TM 6.-230)

LONGITUOR

U (rrom FROWT OF FOAN] 98 ,: 2‘-‘ I: 18" 10 l[."l'l;:‘ﬁ"" OF £qes) 3"‘ .: 39 11'-8
2 [ S mmoncos or L. 1] S en . 33!33

NS 16 .00 100 | 7] St 2 i
« ot 1 b2 1o [af fmremer . 889
s :.“u.':::,f:.. 5 13 || fuumser | 267
AR 1 11g |s[aminer, X 0'20
’ ::‘:o-‘-::‘oﬂu : o] 105 1 1‘!;-0::;'0‘!0:!!! 1 0 ‘ob

[+ [, MR | B 6 1162
0 T i I AN TN L Lt

AUXILIARY COMPUTATION FOR APPARENT DECLINATION OF SUN
AT GREENWICH DATE AND GMT

"y Ill—

. e LAl JyS—
1 | catummrcu oars {) or Conruvation) 12 March 61 1
s [T [0} BT way F [ e

2 | car (wouss awo wnasres w @) o compurateon] ik | 50 -] i [ ) I ?
) X6 0 X60 ’ X6 0 o

3 | mumscns or woms w1 3 00 840 | '

¢ | muspgn OF siuYEI W (D o s

s | e . .. . o

O i canaIME L L

T L) :

390 | . ) :
T T T
. i

7| rocorn 2! 9h9|
| roeorm 6' aul 47

1
? | Los or comram 6841 6399]/6/841.6375/6' 841 6375
10| damieinn 0! 6?5: =qs5 ! T ! T
MuBER MaVING LOG ((0) . T MR +

111 =35 comps on wils OF Cramce

e

12] APPaRENT DR CLmaTION

1+

ar @
MWICH 0ATE ﬂAlu L) =
13| ()1 CONVERTEO To mam TES a0 saC oDt OX N

At m an e fuss wewor (4]

ALGEBRAIK Sum {1 aND (1)

BEC =80--l-].-l~.

- 4+ + 4

T
:]1’-=
=

+

L

- 4+ 4

1+F

SUTER W0 (197100 FROWT =

GIVEN:

Time zone of area of operauon,

FIELD DATA:

GUIDE:

Latitude and longitude of station.

Approximate azimuth to azimuth mark,

Local date of observation.

Mean watch time of observation and watch correction to nearest second.
Horizontal clockwise angle from azimuth mark to sun.

Enter observed field data in block marked, E
When using a mil-graduated instrument, --
a. (2) through (5) of CONVERSION COMPUTATION ate computed using hundredth-

mil values,
b. (2) through (9) and (11) rhrough (17) of CONVERSION TO MILS COMPUTATION
are pured using hundredth-mil values.

c. (12) through (24) of computanon are computed using hundredth-mil values,
d. (6) through (14) of AUXILIARY COMPUTATION are computed using hundredth-
mil values.
e. (25) through (41) of computation are compured using tenrh-mil values.
Value in (41) should be about equal to approximate azimuth to azimuth mark,
Continue computations using DA Form 6-20 to obtain the UTM grid azimuth,

LIMITATIONS:

This form is not to be used when accutacies greater than fourth-order are required,
The hour-angle metho * should not be used when the sun is more than 60 degrees
above horizon.

RESULTS:

FORMU

A value of astronomic azimuth fot each set of observations,
LAS:

1/2 =208 1/2 (Lat ~Dec
ran 1/ (A+q)_—.—1-§-2H)’sm STF Docy €O 1721t
ran 1/2 (A - q) _ sin lé2%Lnl -Dec!‘

~ cos at+ Dec] ot 1/27

A =astonomic azimurh of sun measured easr or wesr of meridian.

q  =parallacric angle (cancels 1n compurations).
Lar =larirude of station,
Dec = apparenr declinarion of sun.

r  =hour angle (less than 12" of sun.
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Figure 156. Auailiary computations and instructions on back of DA Form 6-10q.




CHAPTER 24

AZIMUTH BY SIMULTANEOUS OBSERVATIONS

408. General

Because of the great distances of celestial
bodies from the earth, the directions to a celes-
tial body at any instant from two or more
close points on the earth are approximately
equal. The difference between the azimuths is
primarily due to the fact that the azimuths at
different points are measured with respect to
different horizontal planes. This difference can
be determined. The principles in paragraph
409 provide a simple and rapid means of trans-
mitting direction between points by simul-
taneous observations.

409. Transmission of Direction by
Simultaneous Observations on
Celestial Bodies

a. A master station is established at a point
which can be identified on a large-scale map
and from which the grid azimuth to an azimuth
mark is known or has been determined. Flank
stations are established at points which can
be identified on a large-scale map and at which
it is desired to determine common grid azi-
muths. Wire or radio communication must be
available between each flank station and the
master station. An observing instrument is set
up at the master station and oriented on the
azimuth mark. An observing instrument is set
up at each flank station and oriented on an
azimuth mark to which the azimuth is desired.
(Direction can be transmitted to more than
one flank station at the same time.) A promi-
nent celestial body at an altitude between 10°
and 65° is selected by the observer at the
master station and identified to the observer
at each flank station. (The observer at the
master station must wear a lip or throat micro-
phone so that he can transmit information at
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the same time that he is observing a celestial
body. A loudspeaker, headset, or other device
must be provided at each flank station so that
the observer can hear instructions from the
observer at the master station while he is
pointing.} The master station reports its
coordinates (encoded if necessary) to each
flank station and each flank station notifies the
master station when ready to observe. When all
stations are ready, the observer at the mas-
ter station announces, ‘“Ready—begin track-
ing—3—2—1—tip.” Pointings are made on
the celestial body as explained in paragraphs
379 and 397, depending on which instrument
is used. However, each flank station observer,
if he is observing the sun, keeps his vertical
crosshair (crossline) tangent to the leading
edge of the sun and approximately bisects the
sun with the horizontal crosshair (crossline).
The master station observer announces ‘“Tip”
the instant the star is at the intersection of
the crosshairs or the instant the sun is tangent
to both crosshairs. The master station observer
records the readings on the horizontal and
vertical scales. Each flank observer records the
reading on the horizontal scales when observ-
ing the sun and the readings on the horizontal
and vertical scales when observing a star. (The
vertical angle is read at the flank station(s)
only as an aid for identification.) All observ-
ers then plunge their telescopes and observe
the celestial body (with the telescope in the
reverse position), using the procedure re-
quired for their instrument. If observing the
sun, each flank station observer tracks with
the vertical crosshair tangent to the trailing
edge of the sun. After both pointings, each
flank station acknowledges if the observation
was successful. He reports “Take again” if




they were not successful. After each set of
pointings in which one or more flank stations
tracked successfully, the horizontal angle at the
master station, from the azimuth mark to the
celestial body, is determined from the observed
data. This horizontal angle is then added to the
grid azimuth from the master station to the
azimuth mark to obtain the grid azimuth to the
observed celestial body. This grid azimuth and
the mean vertical angle to the celestial body
are transmitted to each flank station.

b. At each flank station, the locations of
both stations are plotted on a large-scale map
(fig. 157). A line is then drawn on the map
representing the azimuth to the celestial body
at the master station. The perpendicular dis-
tance (D) to this line from the flank station
is then measured.

=
>
&

FLANK STATION

G (GORRECTION
\ IN  SECONDS)

Figure 157. Relative locations of the master §tat1'on,
the flank station, and the celestial body.

¢. By using the nomograph shown in figure
158 (also contained in TM 6-300-61, a line is
drawn to connect the mean observed altitude

at the master station (H) and the distance
(D). This line will intersect the center scale
(C) at a point corresponding to the correction
in seconds (or mils) to be applied to the azi-
muth at the master station to determine the
correct azimuth from the flank station to the
celestial body. When the nomograph is used,
it may be necessary to multiply the indicated
value in meters by 10, 100, etc. In this case,
the indicated correction in seconds (or mils)
must also be multiplied by the same number.
The correction is applied to the grid azimuth
of the .celestial body (determined at the master
station) in accordance with the following rules:

(1) When the flank station is to the left
of the line from the master station
to the celestial body, the correction
is added to the azimuth.

(2) When the flank station is to the right
of the line from the master station
to the celestial body, the correction is
subtracted from the azimuth.

d. The corrected azimuth obtained in ¢ above
is the grid azimuth of the celestial body from
the flank station. The mean of the observed
horizontal angle at the flank station, from the
azimuth mark to the celestial body, is then
subtracted from this azimuth to obtain the grid
azimuth to the azimuth mark. For this sub-
traction, it may be necessary to add 360° or
6400 mils to the azimuth of the celestial body.

e. If necessary, the master station may use

an assumed starting azimuth to the azimuth
mark.

410. Example of Transmission of Direction
by Simultaneous Observations
The following example illustrates the trans-
mission of direction to one flank station by
simultaneous observations:
a. Mean data obtained from observations
are as follows:
Master station
Horizontal angle = 2191.0 mils
Vertical angle = 720.0 mils
Flank station ’
Horizontal angle = 1715.4 mils
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b. Given grid azimuth to
azimuth mark at
master station =

Mean observed hori-
zontal angle at
master station = (+) 2191.0 mils

Grid azimuth to celestial B
body at master
station =

1874.5 mils

4065.5 mils

¢. The relative locations of the master sta-
tion, the flank station, and the celestial body
are shown in figure 157.

d. The nomograph (fig. 158) is entered by
using the mean vertical angle H from a above
and the distance D, obtained from figure 157.
The correction obtained from the nomograph
is +0.68 or 0.7 mil. By applying this correc-
tion to the grid azimuth from the master sta-
tion to the celestial body, an azimuth of 4066.2
mils is obtained. This is the grid azimuth from
the flank station to the celestial body.
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e. Correct grid azimuth
from flank station
to celestial body =

Mean observed horizontal
angle at flank
station = (—) 1715.4 mils

Azimuth to azimuth
mark at flank
station

4066.2 mils

2350.8 mils

I

411. Additional Observations

In the event of unsuccessful observations at
any flank station, the master station should
repeat the procedure. By establishing the num-
ber of observations and the rejection limits in
a similar manner to those established for
astronomic observation, direction can be trans-
mitted through simultaneous observation with
accuracy comparable to astronomic observa-
tions.




TABLE 13. Grid Azimuth Correction, Simultaneous Observation

METERS SECONDS |, MILS
1000 —]
= o.30n
900 —
800 —
3 0.20n
700 =
600 —
] 0.10n
-~ 0.09%nf
500 —~ — — _ _ ExampLe 0.08nf
= I o 0.07nf
- 0.06nf
400 - 0.05mM
—
] 004nm
—]
—{ NOTE:
7 D = Perpendicular distonce fram flank statian ta
— a hine representing azimuth fram master 0.03
300 — station to sun ar star.
] If D exceeds 1000 meters, a multipher af
— 10,100, etc is used.
—] H = Observed altitude from moster statian to
| sun or sfar. 002
— C= Correction ta be applied to azimuth fram
— master statian to sun or stor ta abtain
_ carrected ozimuth from flank stction to
sun or star.
— Correction is plus if flank station is ta the
200 left af o line from the master stotian to
sun or star, minus (f to the right.
EXAMPLE - "
— D= 5000 meters 2 0.0l nf
] H=40° 30" (or 720 mils)
With o stroight edge, line up 500 on D
] scole and 40° 30 (or 720 mils) on H
scole. The correctian C=13.8(ar 0 068)x 10=
] 138 seconds (ar 0.68 mils). In this case
500 is multiplied by 10 tc moke it 5000,
so the correction for azimuth fram C scale
] must also be multiplied by 0.
N " 0.005 of
00 |
o 5II

Figure 158.

Simultaneous observation, grid azimuth,

DEGREES , MILS
£
-—1oonf

60°——
=
1000w
500 900
—— soon
_____ +
~ Fge- 1+
40°—F 700m
—+— 600nf
T
30—
-+
| soonf
+
E
|— 400om
-
20°—
—+— 300m
-
15° ——
_|— 200m
lo.__‘L——

correction nomograph.

233



CHAPTER 25

COMPARISON OF METHODS

412, General

The two methods of astronomic observations
used by the artillery to determine the azimuth
for survey are the altitude and the hour-angle
method. An experienced observer using prop-
er observing procedures can compute the re-
quired azimuth accurately by either of these
methods. An extensive knowledge of astronomy
is not required.

POLAR DISTANCE
COLATITUDE

z COALTITUDE

(® ALTITUDE METHOD

N

LOCAL HOUR-
ANGLE

COLATITUDE
POLAR
DISTANCE

z

(@ HOUR-ANGLE METHOD
Figure 159. PZS triangle.
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413. Astronomic Triangle (PZS)

Both the hour-angle and the altitude methods
require the solving of the PZS triangle. The
solving of the PZS triangle has been simplified
by the use of Department of the Army forms
for computations. The elements of the PZS
triangle used in each method are shown in fig-
ure 159.

414. Fieldwork
The fieldwork required for either the hour-
angle or the altitude method is as follows:

Element required Hour-angle method Altitude method

Horizontal angle _____________ Yes Yes
Vertical angle _______________ No Yes
Time - ____ Yes Yes
Temperature _________________ No Yes
Latitude ____ —_— Yes Yes
Longitude _________ _________ Yes Yes

415. Hour-Angle Method

a. Computing Azimuth by the Hour-Angle
Method. The hour-angle method of observation
and computation for determining azimuth can
be used at any time that the altitude method is
used; it is always used for observing Polaris
and other celestial bodies which are not in the
desired position for the altitude method of
observation. The azimuth of the celestial body
is computed for the mean time of observation.
The horizontal angle from the azimuth mark
to the celestial body and the mean time of ob-
servation are determined by field observations.
In the computations, three elements of the PZS
triangle are used—the local hour angle, co-
latitude, and polar distance.

(1) Time is the critical element in an
hour-angle observation, since it is




D

(2)
(3)

used to ecompute the hour angle. The
elements in this determination vary
with choice of the celestial body. The
following computations are used to
determine the hour angle for the sun
and stars:

Sun

Change LMT to GMT

GMT + equation of time = GAT
GAT = 12 hours = GHA

GHA — west longitude (or + east
longitude) = LHA

Star

Change LMT to GMT

Determine GST by using the Army
Ephemeris

GST — RA = GHA

GHA — west longitude (or + east
longitude) = LHA

Latitude is used to determine the
colatitude.

The declination (taken from the Army
Ephemeris) is used to determine the
polar distance.

b. Limitations.

(1)

(2)

(3)

(4)

The hour-angle method can be used
when the celestial body is below 20°
altitude; however, as the line of sight
approaches the observer’s horizon, an
error (horizontal refraction) which

cannot be corrected may bhe intro-

SviaaaVy AT

duced.

The celestial body should not be ob-
served at a position above 45° in alti-
tude, unless special eyepieces are
available for the instrument.

Time accurate to 1 second is required,
except when Polaris is observed (10
seconds).

The sun should not be observed when
it is within 2 hours of the observer’s
meridian. The accuracy with which
the azimuth may be determined de-
pends on the precision of field observa-
tions, the accuracy of the corrections
in altitude, and the shape of the celes-
tial triangle. The PZS triangle be-

comes weak as the sun approaches the .

observer’s meridian, and the solution
becomes indeterminate at the instant
of apparent noon.

416. Altitude Method

a. Computing Azimuth by the Altitude
Method. The altitude method of observation
and computation for determining azimuth is
the most common method used by the artillery.
The azimuth of the celestial body is computed
for the mean time of observation. The hori-
zontal angle from the the azimuth mark to the
celestial body, the mean vertical angle to the
celestial body, the mean time of observation,
and the temperature at the time of observation
are determined by field observations. In the
computations, three elements of the PZS tri-
angle are used—the coaltitude, colatitude, and
polar distance.

(1) The vertical angle is the critical ele-
ment in an altitude observation. From
the vertical angle, the coaltitude is
determined. The vertical angle to the
sun must be corrected for parallax
(the correction is always plus), be-
cause the vertical angle is measured
from a point on the surface of the
earth and not from the center of
the earth. No parallax correction
is needed for observations on the
stars, because they are at such great
distances from the earth that the
vertical angle is the same as though
it were measured from the center of
the earth. Although the parallax cor-
rection is applied to the vertical angle
on the sun only, the refraction correc-
tion (always minus) is applied to the
vertical angle to any celestial body.
When a ray of light emanating from a
celestial body passes through the at-
mosphere of the earth, the ray is bent
downward; hence, the sun and stars
appear to be higher above the observ-
er’s horizon than they actually are.
The angle formed by the ray’s devia-
tion from its direction on entering the
earth’s atmosphere to its direction at
the surface of the earth is called re-
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fraction. The magnitude of the re-
fraction correction depends on the
temperature and barometric pressure
of the atmosphere and the altitude of
the ray. The refraction correction
tables give corrections for a baro-
metric pressure of 29.5 inches, which
is assumed to be of sufficient accuracy
for practical purposes. The parallax
correction is determined and applied
to the refraction correction, and the
final correction is subtracted from the
observed altitude.

(2) The latitude and declination for the .

determination of the colatitude and
polar distance are used the same as in

, the hour-angle method.

b. Limitations.

(1) Polaris is never observed by using the
altitude method, because it is located
near the observer’s meridian and
presents a poor trigonometric solu-
tion.

(2) Best results with the altitude method
can be obtained if observations are
made on celestial bodies which are
located within 30° of the prime verti-
cal and between 20° and 45° in alti-
tude. In such cases, the celestial body
is changing faster in vertical angle
than in azimuth, and any error in
vertical angle will make a smaller
corresponding error in azimuth.

(3) The body should not be observed when
it is within 2 hours of the observer's
meridian.

417. Accuracies and Techniques

a. Accuracy. Either the altitude or hour-
angle method gives the required accuracy.

b. Determination of Final Azimuth.

(1) When using the Wild T2 theodolite,
observe and compute at least three
sets. Mean the three azimuths and
reject any azimuth which is more
than 30 seconds from the mean. At
least two azimuths must remain and
be meaned to obtain an azimuth for
use with a fourth-order survey.

(2) The Wild T16 theodolite is used to de-
termine fifth-order astronomic azi-
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muths. At least three sets of
observations must be observed, and
sets varying from the mean by more
than 0.3 mil must be rejected. At
least two sets must remain and be
meaned.

(8) The M2 aiming circle and the transit
can be used for astronomic observa-
tion. The procedures for measuring
angles outlined in chapters 5 and 6
are applicable to astronomic observa-
tion. The number of sets and the re-
jection limits are as outlined in
appendix II.

c. Azimuth Checks and Improvement. Azi-
muths may be checked and improved by using
the following methods:

(1) A final azimuth, as described in b
above, determined from observations
on the sun before noon, may be
checked and improved by determining
another final azimuth on the sun in
the afternoon. The same observer’s
position and azimuth mark are used.
The two final azimuths are meaned.

(2) Another method of improving or
checking an azimuth is to use an east
and a west star and mean the final
azimuths.

418. Summary of Hour-Angle and
Aliitude Methods

a. For either the hour-angle or altitude
method, the best results are obtained when the
celestial body is observed within 80° of the
prime vertical and between 20° and 45° alti-
tude. '

b. When the hour-angle method is used, time
accurate to 1 second is required, except when
Polaris is observed (10 seconds). It is the
best method for observations on circumpolar
stars.

¢. When the altitude method is used, the
celestial body must be observed within 30° of
the prime vertical. This is the best method for
observations on an east or west star.

d. The sun should not be observed when it
is within 2 hours of the observer’s meridian.

e. For best results, a celestial body should
not be observed when it is less than 20° in

. altitude.




f. There are days, especially during .the
winter months at the higher latitudes in the
Northern Hemisphere, when the sun or stars
do not enter the most desired position for
astronomic observations. Under these circum-
stances, the best results are obtained by ob-
serving the celestial body at the highest point
in its orbit, yet not within 2 hours before or

after the body has crossed the observer's
meridian.

g. If an azimuth is needed and no celestial
body is in the proper position for observation,
the celestial body that is closest to the proper
position will be observed. The hour-angle
method is used for best results.

237



PART SIX

CONVERTING SURVEY CONTROL, CONVERSION OF COORDINATES, AND

TRANSFORMATION

CHAPTER 26

CONVERTING SURVEY CONTROL

419. General

a. In order to permit the delivery of ac-
curate field artillery fires without adjustment
and to permit the massing of fires from two
or more artillery units, all field artillery units
operating under the tactical control of one
commander should be located and oriented
with respect to a single datum or grid. This
grid can be based on the UTM (UPS) grid co-
ordinates of points previously established by
survey, or the grid may be based on assumed
data.

b. The common grid used is the one estab-
lished by the highest survey echelon present
in the area. The headquarters which exercise
tactical control over artillery units are bat-
talion, division, and corps. The mission of the
subordinate unit requires it to initiate survey
operations without waiting for survey control
to be established by a higher echelon. There-
fore, at all levels, survey is started and com-
pleted as soon as possible, and, when higher
echelon survey control becomes available, the
original data is converted to place the unit on
the grid of the higher echelon. Thus, it may be
necessary for a battalion assigned or attached
to a division artillery to operate first on the
grid established by the battalion (battalion
grid), then on the grid established by division
artillery (division grid), and finally on the
grid established by corps artillery (corps grid).
When survey at one or more echelons is based
on assumed data, it is necessary to convert

238

data established by the lower echelon to the
grid established by the higher echelon.

420. Variations in Starting Control

The methods by which starting control for
field artillery survey may be obtained are listed
in @ through ¢ below, in order of preference.

a. Use of Known Coordinates and Heights
of Points Located With Respect to a UTM (or
UPS) Grid. The points for which the coordi-
nates and heights are known may be points
established by surveys performed by the higher
echelon, or they may be points which were lo-
cated by surveys performed prior to the start
of military operations. The locations of points
established prior to the commencement of
military operations are contained in trig lists
prepared and published by the Corps of En-
gineers.

b. Use of Assumed Coordinates and Heights
and Correct Grid Azimuth. Correct grid azi-
muth can be determined, in many cases,
through astronomic observation or through the
use of a gyro azimuth surveying instrument.
Correct grid azimuth should always be used
whenever possible. If both higher and lower
survey echelons initiate surveys by using cor-
rect grid azimuths, any discrepancy which ex-
ists between surveys due to assumption of
coordinates will be constant for all points lo-
cated (fig. 160). When it is necessary to as-
sume the coordinates and height of the starting
point, they should approximate the correct co-




ordinates and height as closely as possible.
The approximate coordinates can be deter-

' mined from a large-scale map. (Use of start-
ing data determined from a map must always
be considered assumed data.)

ERROR IN ASSUMED o

Azmum—\.\)\ et Tl o

ERROR IN

ASSUMED

COORDINATES
TS1 T$3

PLOT OF TRAVERSE PERFORMED USING AZIMUTH AND COORDINATES
WHICH ARE CORRECT WITH RESPECT TO GRID.

PLOT OF TRAVERSE PERFORMED USING CORRECT AZIMUTH ANO
INCORRECT COORDINATES WITH RESPECT TO GRID

----—=  PLOT OF TRAVERSE PERFORMED USING INCORRECT AZIMUTH AND
COORDINATES WITH RESPECT TO GRID.

Figure 160. Discrepancies in survey control caused by
use of assumed starting data.

¢. Use of Known or Assumed Coordinates
and Assumed Azimuth. Assumed azimuth
should be used for a starting azimuth only
when azimuth cannot be determined from
astronomic observations, a gyro azimuth sur-
veying instrument or computation. The as-
. sumed azimuth should closely approximate the
correct grid azimuth when possible. The ap-
proximate grid azimuth can be determined by
scaling from a large-scale map or with a de-
clinated aiming circle. If either (or both)
higher or lower echelon survey operations are
initiated with assumed azimuths, differences of
varying magnitude will exist between the co-
ordinates of points located by their surveys

(fig. 160). This variation complicates the
Assumed coordinates
of BnSCP

Azimuth

Azimuth
to mk

Common grid
coordinotes of BnSCP Ldg

Figure 161,

problem of conversion to common control. For
this reason, assumed azimuth should never be
used when it is possible to use correct grid
azimuth.

421. Coordinates and Height Conversion
(Sliding the Grid)

When both a higher and a lower survey eche-
lon start survey operations with correct grid
azimuth but one (or both) echelon(s) starts
(start) with assumed coordinates and height,
the lower echelon must apply coordinate and
height corrections to the locations of each
critical point to convert to the grid of the
higher echelon. This coordinate and height
conversion is commonly referred to as sliding
the grid (fig. 161) and is accomplished as fol-
lows:

a. Determine the difference in easting and
northing coordinates and the difference in
height between the assumed coordinates and
height of the starting point and the common
grid coordinates and height of the starting
point.

Easting Northing Height
Assumed starting
point ___________ 550000.00 3838000.00 400.0
Common grid start-
ing point _______ 550196.52 3837887.89 4023
Corrections _______ + 196.52 — 11211 423

b. The difference becomes the correction
when the difference is given a sign which will
cause the algebraic sum of the assumed data
and the correction to equal the common grid
data.
¢. Apply the corrections algebraically to the
coordinates and height (as determined by the
lower echelon) of each station to be converted.

Btry SCP on
assumed grid

[ ]

|

|
|dN
|
|_dE {.}

Btry SCP
on common grid

Ts2

Schematic diagram illustrating sliding the grid.
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422. Azimuth Conversion (Swinging the
Grid)

If a unit initiates survey operations using
correct grid coordinates for the starting point
but assumed azimuth, the coordinates of each
station in the survey and the azimuths deter-
mined by survey will be in error when correct
direction is determined for the starting point.
In order to convert the assumed data to correct
grid data, all azimuths and coordinates deter-
mined in the scheme must be corrected. The
application of the azimuth correction is com-
monly referred to as swinging the grid and
procedures are as follows:

a. Determine the difference between the as-
sumed starting azimuth and the azimuth given
by common control.

Assumed starting azimuth ______ 160° 19 40”
Common grid starting azimuth __ 164° 24’ 20”
Azimuth correction ____________ +4° 04’ 40”

This difference becomes the azimuth correction
when the difference is given a sign which will

\
\

\ Common grid azimuth
\ to az mk

Assumed
azimuth to
az mk

1°52' 20"
azimuth error

1°52'20" (900 meters)

cause the algebraic sum of the correction and
the assumed azimuth to equal the common grid
azimuth.

b. Apply the azimuth correction to each leg
of the survey.

c. Since the azimuth of each leg has changed,
the bearing angle of each leg has changed.
Recompute each leg of the survey by using the
corrected azimuths and new coordinates deter-
mined for each station in the survey, thus
placing all stations on the common grid.

d. If it is desired to determine the common
grid data for a specific point only, compute the
azimuth and distance from the starting point
to the designated point (assumed data). Apply
the azimuth correction to the azimuth deter-
mined and recompute the location of the desig-
nated point from the starting point, using the
corrected azimuth and the distance determined
by computation (fig. 162).

e. Any orienting lines may be corrected by
applying the azimuth correction to the azimuth
determined through the use of assumed data.

azimuth

BnSCP correction

Btry SCP on
grid started with

Assumed azimuth 330° 26/ 20" ~-(% i
Common grid azimuth = \o\"'"ers) esumed ezimath
Azimuth correction  +1° 52' 20 — —
S~

Computed azimuth BnSCP 10 Btry SCP  86° I7* 40" T~

Azimuth correction +1°52'20" \A

Common azimuth BnSCP to Btry SCP "88° 10'00"
Btry SCPon
common grid

Figure 162. Schematic diagrams illustrating swinging the grid for a specific station,
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423. Azimuth, Coordinates, and Height
Conversion (Swinging and Sliding
the Grid)

If either (or both) a higher or a lower sur-
vey echelon initiates survey operations with
assumed azimuth, coordinates, and height, the
lower echelon must apply azimuth, coordinates
and height corrections to critical locations and
directions to convert to the grid of the higher
echelon. This technique is commonly referred
to as swinging and sliding the grid and both

Original survey on assumed grid with J
azimuth corrected by swinging /

;{/
1Y Assume: / /F -
\ozimuf
« ////.

Correc t\,\j\\ / /

azimuth

N\
Azimuth ’é ————— —

difference

BnSCP

Originol survey on ossumed

grid and ozimuth

Originoi survey corrected by
swinging ond siiding the grid\

Common

grid BhSCP / idN

e

~
~
Assumed /\ -~ —

i
——
Assumed BnSCP

swinging and sliding may be accomplished at
the same time. Only the critical points (bat-
tery centers, OP’s) are converted. The steps
in swinging and sliding the grid (fig. 163) are
as follows:

a. Using the assumed coordinates, compute
the azimuth and distance from the starting
point to the first critical point, from the first
critical point to the second, and so on until the
closing point is reached.

b. Determine the azimuth correction by com-

/
//‘J

Azimuth difference applied os a
correction to eoch ieg causes the
grid to swing

LdE
2 N 7Y
l_\
E P
/
/
/
N/

L
g
// \ Original survey on ossumed
S grid with ozimuth corrected

7 by swinging

Difference between common grid ond ossumed grid appiied ot storting

station couses grid to slide

Figure 163.

Schematic diagram illustrating swinging and sliding the grid.
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paring the assumed starting direction with the
common grid starting direction. Apply the
azimuth correction to each of the computed
azimuths determined in a above.

¢. Using the common grid coordinates for
the starting point, the corrected azimuths (b
above), and the computed distances between
critical points (a above), compute the coordi-
nates of the first critical point from the start-
ing point. Using the new coordinates of the
first critical point, the corrected azimuth and
the computed distance to the second point, re-
compute the coordinates of the second critical
point and so on until the closing point is
reached.

d. Correct the height of the critical points
by applying the height correction.

424, Swinging and Sliding the Grid
(Graphically)

The procedure discussed in paragraph 423
require considerable mathematical computa-
tions in order to convert to common control.
If time is critical, a graphical solution to con-
version to common control can be used. How-
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ever, control cannot be extended from any data
obtained from a graphical solution. Normally,
the graphical solution is used in conjunction
with a firing chart. An overlay is made of the
existing critical points, including the battalion
survey control point and a line of direction to
the azimuth mark, and then the critical points
are transferred to a new chart. The steps for
this procedure are as follows:

a. Plot the coordinate locations, as deter-
mined from assumed data, for the battalion
SCP and all critical points. Plot the azimuth
(assumed) to the mark on the chart.

b. Place a sheet of overlay paper over the
chart and prick the locations of the battalion
SCP and critical points.

¢. Trace the line of direction from the chart
to the overlay.

d. Plot the common control coordinates of
the battalion SCP and the common control azi-
muth to the mark on a new chart.

e. Place the overlay on the new chart, alin-
ing battalion SCP on battalion SCP and azi-
muth line on azimuth line.

f. Prick the locations of all critical points
shown on the overlay to the new chart.




CHAPTER 27

CONVERSION OF COORDINATES

425. General

It may occasionally be necessary to convert
grid data to geographic data and/or geographic
data to grid data. Occasions when this may be
necessary or desirable are as follows:

a. When coordinates are transformed from
a UTM zone to a UPS zone or from a UPS
zone to a UTM zone, it is necessary to convert
grid coordinates to geographie coordinates and
then to convert the geographic coordinates to
grid coordinates for the new zone. (To trans-
form a grid azimuth from a UTM zone to a
UPS zone or from a UPS zone to a UTM zone,
it is necessary to convert the true azimuth to
a grid azimuth for the new zone; this is ac-
complished by subtracting the convergence
from the grid azimuth for the old zone and
applying the convergence for the new zone.)

b. When only the geographic coordinates are
known for a point which will be used to initiate
or check survey operations, it is necessary to
convert the geographic coordinates to UTM (or
UPS) grid coordinates. (Geographic coordi-
nates must be correct to the nearest 0.001
second to obtain UTM (UPS) coordinates cor-
rect to 0.03 meter.)

¢. When azimuth is obtained from astro-
nomic observations, it is necessary to know the
latitude and longitude of the astronomic obser-
vation station. If they are not known, the
geographic coordinates of the station can be
obtained by conversion from grid coordinates.

426. Conversion of Distance

To determine the distance between two
points, the coordinates of both points must be
based on a common system (for example, both
geographic coordinates or UTM coordinates).

If the distance is computed from UTM coordi-
nates, the log scale factor must be applied to
obtain ground distance.

427. Procedures for Conversion of
Coordinates

a. The procedures for converting UPS grid
coordinates to geographic coordinates and for
converting geographic coordinates to UPS
grid coordinates are discussed in TM 5-241.

b. In artillery surveys, UTM grid coordi-
nates are converted to geographic coordinates
and geographic coordinates are converted
to UTM grid coordinates by using DA Form
6-22 (Grid to Geographic (machine)), DA
Form 6-23 (Geographic to Grid (logarithm)),
and DA Form 6-25 (Geographic to Grid
(machine)) together with technical manuals
containing data relative to the appropriate
spheroid. TM 5-241-1 contains a map showing
the various spheroids. A spheroid is an as-

sumed size and shape of the earth for the

purpose of computing geodetic positions.
¢. The spheroids and their associated techni-
cal manuals are shown below—
INTERNATIONAL SPHEROID (SOUTH
AMERICA, EUROPE, AUSTRALIA,
CHINA, HAWAII, and SOUTH
PACIFIC): TM 5-241-3/1 and
TM 5-241-3/2.
CLARKE 1866 SPHEROID
(UNITED STATES, MEXICO,
ALASKA, CANADA, and GREEN-
LAND): TM 5-241-4/1 and TM
5-241-4/2,
BESSEL SPHEROID (JAPAN,
USSR, KOREA, BORNEQO, CELE-
BES, and SUMATRA): TM 5-241-
5/1 and TM 5-241-5/2.
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CLARKE 1880 SPHEROID (AFRI-
CA): TM 5-241-6/1 and TM
5-241-6/2.

EVEREST SPHEROID (INDIA,
TIBET, BURMA, MALAY, and
THAILAND): TM 5-241-7.

428. Use of DA Form 6-—22 (Computation—
Conversion UTM Grid Coordinates to
Geographic Coordinates (Machine))

DA Form 6-22 (fig. 164) is used to convert

UTM grid coordinates to geographic coordi-

nates. Instructions for the use of the form are

contained on the reverse side of the form.

Figure 164 is an example of the entries that

are made on DA Form 6-22 for converting

UTM grid coordinates to geographic coordi-

nates. The longitude of the central meridian

(item 39) can be obtained from the UTM grid

zone number by using the table on the reverse

side of DA Form 6-22. The UTM grid zone
number can be determined from a map or
from a trig list.

429. Use of DA Form 6—23 (Computation—
Conversion Geographic Coordinates to

UTM Grid Coordinates (Logarithms))

a. DA Form 6-23 (fig. 165) is used to con-
vert geographic coordinates to UTM grid co-
ordinates. Instructions for the use of the form
are contained on the reverse side of the form.
Figure 165 is an example of the entrieg that
are made on DA Form 6-23 for converting
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geographic coordinates to UTM grid coordi-
nates. Longitude of the central meridian (and
UTM grid zone number) (item 2) is obtained
from the table on the reverse side of DA Form
6-23.

b. Logarithms entered on DA Form 6-23
must be correct to the seventh digit in the
mantissa. The complete number, for which the
logarithm is obtained, must be used as the
argument in obtaining the logarithm. The
mantissa of the logarithm must be determined
to the eighth digit and then rounded off to
the seventh digit. Antilogarithms must be de-
termined to the third digit after the decimal
point.

430. Use of DA Form 6—25 (Computation—
Conversion Geographic Coordinates to
UTM Grid Coordinates (Machine))

DA Form 6-25 (fig. 166) can also be used to
convert geographic coordinates to UTM grid
coordinates. (DA Form 6-25 is a machine com-
putation form, whereas DA Form 6-23 is a
logarithmic computation form.) Instructions
for the use of the form are contained on the
reverse side of the form. Figure 166 is an ex-
ample of the entries that are made on DA
Form 6-25 for converting geographic coordi-
nates to UTM grid coordinates. Longitude of
the central meridian (and UTM grid zone
number) (item 2) is obtained from the table on
the reverse side of DA Form 6-25.
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COMPUTATION ~ CONVERSION GEOGRAPHIC COORDIMATES TO UTM GRID COORDINATES (Logarithms)

STATION HEMISFRIGE

SILL i voe-r {1 sovtn
LA'I'Urrsu 38 EL 738”““"98 2 / 14/ &O!_J et i w1
TR Forarvaa. binereny o sratien i) || 25u 608,158
o |TABULAR GIFFERENCE FOR 1 SECOND .
45 | OPPOSITE FUNCTICN (v IN (Ba)
' [ TABULAR VALUE FUNCTION V OPPOSITE

(-}
46 | LATITUDE(Degreea, dinutas)IF STATION @ ) e 35 6&
« | TABULAR OIFFERENCE FOR 1 SECONO ! T
u7 | 0PPOSITE FUNCTIGN v (N (16) 8L . | 0, 001 N s)

LIONGETUDE OF SHATION
(as accurerely ee known)

-

LONGIiUDLL 07 CENTRAL MERICIAN OF
UTM GRID “ONE BEING LSi0

(7 f1) (5 MORE THaN (2], USE (1)~(2)

~

|7 {1) 1S LESS THAN {2, USE (2)=1)
(Si4n atwaye +) *)

=

CONVERT (3) TO SEZONOS OF ARC
REPEAT (47 WITH OECIMAL POINT

5 1"M0JEQ LEFT FOUR PLACES
& [L06 (5) GRAPHIC VALUE Bg . I

| LYSE LATITUCE (firerana, Minntea) S ARGUVENT .. S

A1 TOP OF GRAPN. USE VALUE [n STEP 150 as (& | : I

7 |RePeat (6) ARGUWENT AT LEFT S10E OF GRAPH) . 210, 000
8 [(¢; + {7) . GRAPHI(.-VALUFAZ ) L . LT

57 | [ U E LAI1IWCE ( Seconda) OF <17 :10% t) b ey .
o |repeat (6) AL rRGGHENT. ENIER GR-PK ! IEUD .1DE! : v m

- |

10 [(8) + (9) 5u |REPEAT (4a) {t) 25“ 608i158

-

REPEAT [6)

51 | (19) + (50) Wy 254 608 , 161

12 |(10) + (1) 82 |Loc {u8) F d 928 8361
I R T SR 3 [preear (10 11 501 5796
i [ T L o a0 ¢ o) [1 430 b1s7
] T
S T ot el Yinatiey 0 Srarion " T | 5 |uoc 1) |7 012 &7
| Gt B e @ s [rerear o 11, 501, 5796
| o e e Sk o @ 0 |ts8) + (50 " 18 514 4168
N A S 50 [revear (ue) @ 35 | 622
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Figure 165, Entries made on DA Form 6-23 for converting geographic coordinates to UTM grid
coordinates (logarithms).
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CGMPUTATION - COMVERS!OM GEOGRAPHIC COORDINATES TO UTH 3RID COORDIMATES (wacains)

USE 10, 000,009.000 - (30)

1 February 1961
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OPPOSITE FUNCTION |1 IN (1) O]ig 102 (Sige eiways + ) 25)*_ % 581 La‘_o
o | TABULAR VALUE FUNCTION 111 0PPOSITE (32) X(%)
19" | ATV0E ovgrave- asmutess o stirion @ + 123 [P |Gunetonrs +) t 56 137> , 487
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ALGEBRAIC SUM (9),(16),(24).(18), AND (19) 1 | | X .
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Figure 166.

coordinates (machine).

»

Entries made on DA Form 6-25 for converting geographic coordinates to UTM grid
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CHAPTER 28

TRANSFORMATION

431. General

When field artillery units are operating
across grid zone junctions, it will frequently be
necessary to transform the grid coordinates of
points and the grid azimuths of lines from the
grid for one zone to the grid for the adjacent
zone. Special tables are available through
Army Map Service which permit transforma-
tion across several zones in a single computa-
tion.

a. The method of transforming grid coordi-
nates from a UTM zone to a UPS zone or from
a UPS zone to a UTM zone is discussed in para-
graph 426.

b. In the UTM grid system there are overlap
areas east and west of zone junctions. How-
ever, transformation is not restricted to these
overlap areas. Grid coordinates (and azi-
muths) can be transformed from any point in
one zone into terms of an adjacent zone. To
understand what transpires when transforma-
tion is performed, refer to figure 167. Figure
167 shows two adjacent UTM zones, 14 and 15.
In terms of northing coordinates they are num-
bered the same, since the origin of the northing
coordinate is the Equator. However, the east-
ing coordinates from left to right are not a
continuous serizs of numbers, since the origin
of the easting coordinate for each zone is the
central meridian for that zone and is numbered
500,000. Within each zone, the coordinates will
increase to the east and decrease to the west
from the central meridian. Visualize point P
in zone 14. The coordinates are (800,000—
3,700,000). If the coordinates of point P were
to be transformed to the adjacent grid (zone
15), the action taken would be the equivalent
of superimposing the grid of zone 15 over the
grid of zone 14 as indicated. Actually, trans-
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formation of coordinates involves only the
mathematical continuation of the adjacent grid
to the grid being used and the subsequent cor-
rections for locations due to the change in grid
north reference. Although the location of
point P on the ground will not be changed, the
value of its original coordinates will change
with the transformation. The value in terms of
zone 15 would be less than 100,000 meters in
easting and greater than 3,700,000 meters in
northing. It is apparent that in transformation
there will be a major change in the easting co-
ordinates due to the coordinate numbering
system of each zone and the change in grid
north reference, but there will be only a small
change in northing coordinate, based only on
the difference in the grid north reference.

432. Use of TM 5-241-2 (Formerly AMS
TM No. 50)

a. In using TM 5-241-2 to extract the func-
tion required for the formulas used in trans-
formation, determine first the spheroid to be
used. This can be accomplished by referring to
the map of the world in the back of the techni-
cal manual, and using it as an index to de-
termine which spheroid tables should be used.
The formulas being solved in transformation
computations are also contained in the technical
manual.

b. The tables in TM 5-241-2 are compiled
for 100,000-meter intervals of easting and nor-
thing. A station is considered to be in a
100,000-meter square, and the coordinates of
the nearest corner of this square are used for
the determination of ¢’ and n’ and for the en-
tering arguments.

¢. Certain procedures must be followed to
insure proper extraction from the tables.
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Figure 167. Schematic drawing showing transformation requirements.

(1) When transforming to the east (such
as zone 14 to zone 15), use the e value

3 o A +h
on the right side of the table and the

upper of the signs where there are
two shown.

(2) When transforming to the west (such
as zone 15 to zone 14), use the e value
on the left side of the table and the
lower of the signs.

d. In performing the computations on DA
Form 6-36 and considering the initial zone to
be A, the resulting E and N coordinates are for
the adjacent zone B. In the Southern Hemi-
sphere the transformed northing must be sub-
tracted from 10,000,000 to compute the correct
coordinate.

433. Use of DA Form 6-36

a. The use of forms will simplify transfor-
mation computations. The form used for zone-

to-zone universal transverse mercator grid
coordinates transformation is DA Form 6-36
{fig. 168). This form is designed for use with
a computing machine. If a computing machine
is not available, multiplication is performed on
a separate paper by using logarithms or direct
multiplication and the results are entered in
the proper spaces. The form is executed in a
straight numerical sequence with the values in
lines 11 through 18 (N,, E,, a,, a,, b,, b,, ¢;, and
¢) extracted from TM 5-241-2 for the proper
spheroid.

b. Formulas on which the form is based, are
shown on the back of the form.

434. Transformation of UTM Grid
Azimuth from Zone-to-Zone

The same reasons for transforming grid co-
ordinates (par. 431) are applicable to grid
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ZONE TO ZONE UTM GRID COORDINATES TRANSFORMATION

STATION LOCALITY
SILL FT SILL, OKIAHOMA
SPHEROI0
FROM 20ME A 14 T0 Z0NE 8 CIARKE 1866
USE OKLY FOR
8 SOUTHERN HEMISPHERE 10, 000 000 | 00
I T I
§ N (e @ 3,833 334 09
E (Zone 4) y (s) - (6} For T T T
! ¥ ! 5561 1391 87 SOUTHERK HEMI SPHERE + 1 1 |
5 | {8 To KEAREST I T ' {6) OR (7) TO NEAREST ! T |
100,000 METERS  (e) =~ | 600, 000, 00 ]° 100,000 Merers = (n) - 3,800 ,000 ,00
-+ t
3 | acesraic sum (1) w0 (2 & ; 43; 860, 13 J :(;E?:;'C son (eF on 1] ® ; 33 :334
REPEAT (3) WITH OECIMAL POINT | REPEAT (9)wITH DECIMAL POINT |
¥ luoveo LT Five PLacEs = o' & 0 ‘l'386013 10 | \ovep LEFT FIvE PLACES = o’ @ o |3333“°9
| | ]
s t1 3 822 297,
T T
Enter AMS Technical Manusl No. 50 for proper 12 | g, 9 : 652! ml 3"9
spheroid using valuea from L’ine- (2) and (8) 13 |[a, + AIL 1%[ 336: 27?
as argumenta. When trensforming to east, . . é T I T
Y
use (e) value on right side of table and up- 2 | 5 {258! 532
per of signs; for transforming to west, use 5% " = 8% 9“'
(e) value on left side of table and lower of 16 (o, 6 | 68= 056
signs. 17 | é Ilo A 037
T
18 )¢ & 0, 261
19 {(15) - } 8}90'4' 97 | FALSE EASTING + : 800 :ooo : 000
T T T | T
20 [(10) x (17) & 10, 012 |58 | (12 @ | 652 499 349
21 [ALGEBRAIC SUM (19) w0 (20) & L 8 : 916 |» | (1) x (36) é 1: 992: 486
{4) X (18) CchHaxGE T T I I
22 1si6n oF RESULT @ 10 { 114 v jmx 062 é "B, 993 L263
T
23 [ALGEBRAIC SUM (21) Mo (22) é : 8 : 802 - ?;S)E?R:;g)?u?a_c). ano (10) @ ! '
; T 1 ~
2 {(16) b | 68, 056 € (Zene B) 1, 106, 513, 600
LI T 1 T
28 |(10) x (18) Q@ %0 % 087 2 | (11) + 3 l 822! 297 %707
2% [(3) x (171) @ |10, 016 % | (10 x (32) @ 33| !}35 [ 272
ALGEBRAIC SuM (24}, (25}, I I ALGEBRAIC SUM T ! !
T Lo (26) é 1 67 , 953 1" | (s2) wo () @ 3, 855 732, 979
| (4) X (36) CHANGE ! [
28 [(13) + | 1001 336 27?7 1% | sion oF resuLt & 2 621'l 662
- 1
oy TR p 2, o0 |, 5% =T
90 [aLceeraic sum (28) axo (290 @ : 100 333 33 K (zene B) +|3 | 853,111 317
{u) X (27) cHanGE USE OKLY FOR T T T
3t {sion of ResuLt é L29 80k |* | sourHers HemisPuERE 10, 000 (000 , 00
i T | 1
32 |aGEeraic s (30) anp (31) ¥+ | 1001 303 , 539 | |rerrar (30) . | N
! 1 ! (47) = (48) FOR SOUTHERK r ! '
» |t é | 5 1958 % 532 89 | HEMISPHERE
8 [(10) x (27) é éz l 652 N (Zone B) + I l [
35 [(u) x (23) ;2] Q | 861
LGEBRAIC SUM (33), (34),
% | o 539 & | 5,977 323 Rk
COMPUTER CHE CKER 0ATE
SFC J DOE Cpl R ROE 1 Feb 1961
FORM -
DA 1 AUG SB 6- 36

Figure 168. Completed DA Form 6-36.



azimuths, and the same reference tables,
TM 5-241-2, are employed for the extractions
of functions. To understand what transpires
when transformation of azimuth takes place,
- refer again to figure 167. On the UTM zone to
the left (zone 14), a line of direction has been
indicated. The azimuth of this line is repre-
sented by a horizontal clockwise angle from the
grid north for zone 14. If the azimuth of that
line is transformed to the grid of the adjacent
zone (zone 15), the line of direction does not
change; however, due to a new grid north ref-
erence line, the azimuth of the line will in-
crease. From this figure, in transforming
azimuth from a west zone to an east zone, the
azimuth will increase; conversely, in trans-
forming azimuth from an east zone to a west
zone, azimuth will decrease.

435. DA Form 6-34

a. DA Form 6-34 is used for zone-to-zone
UTM grid azimuth transformation (fig. 169).
This form, which is similar to DA Form 6-36,
also was designed for use with a computing
machine. The same procedure as used with DA
Form 6-36 is used with this form if a com-
puting machine is not available. Also, values
for lines 11 through 17 (a,, a, b,, b,, ¢;, and
c.) are extracted directly from TM 5-241-2,
using the tables for the proper spheroid.

b. Formulas on which the form is based, are
shown on the back of the form.

436. Transformation of Coordinates for
Fourth-Order Surveys

For fourth-order surveys, the steps in trans-
forming the coordinates of points after having
obtained the transformed coordinates of one
point and the azimuth transformation correc-
tion are as follows:

a. Compute the azimuth and grid distance
between the point which has been transformed
and the point which is being transformed,
using for both points the old zome coordinates.

b. Transform the computed azimuth by
algebraically adding the azimuth transforma-
tion correction.

¢. Transform the computed grid distance by
dividing it by the scale factor for the old zone
and multiplying it by the scale factor for the
new zone,.

d. Compute the differences in easting and
northing between the transformed point and
the point which is being transformed, using
the transfortmed azimuth (b above) and the
transformed distance (¢ above).

e. Apply the differences in easting and
northing to the transformed coordinates of
the point which has been transformed.

437. Transformation of Coordinates for
Fifth-Order Surveys
For fifth-order surveys it is not necessary to
transform the grid distance. The grid distance
for the old zone can be used to compute the
differences in.easting and northing.
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ZONE TO ZONE UTM GRID AZIMUTH TRANSFORMATION

STATION LOCALITY
SILL FT SILL, OKLAHOMA
SPHERO10
FROM ZOME A 14 TO 20ME 8 13 CIARKE 1866
of o] . USE ONLY FOR SOUTHERN
AZIMUTH TO BE & | wemiseuere 10, 000, 000 ;00
1 | TRANSFORMEO FROM t t T
TOME A TO ZONE 8 =T, uz l 17 I 13 '3 N (Zone 4) + 3 I &3 133u lw
, , I ! I (6) - (1) For ! ! !
T |E (Fone s - | 556, 139, 87 8 | sournern uemtseuere + N | |
5 | @) 10 nEmReST - T Al T (7) OR (8) TO NEAREST v ' !
100,000 METERS — (o] . 6()()l 000 , 00 ? | 100,000 METERS = (1) - 3 L800 ,000 00
ALGEBRAIC SUM ! v ' ALGEBRAC SUM o ! !
* 1 (2) ano (3) 3 | “31 860 i 13 19| (1) or (8) axo (%) = 1 33 |33h |09
s | BER5AL (8 M oveo T A !
LEFT FIVE PLACES — of & o | 4386013 LEFT FIVE PLACES — n’ = °|3333409
. | | 1
12 ] <+
Enter AMS Technical Manual No. 50 for proper . ll 100 }336 ! 272
epheroid using values from Lines (3) and (9) 19 | s, é | 5 19581 532
T T
es arguments, When transforming to eest, use " N -
(e) value on right side of teble and upper . } 8! W’
of signs; for trensforming to weet, use (e) 15 b, é L68 1L 0%
value on left side of teble snd lower of 16 <, é Io j ®7
il §
signs. Tt
17 [ e, @ 101 261
I |
18 | (1) x2 - | 17 808 | | (= & 5 f958 | 532
I T
19 | (11) x (16) x 3 P (0 039|” (1) x (z6) 5 | W5, 269
GEBRAIC SUM ! ! I '
» ::8) A:(l) (19) - | 17 847 | | X 2 1 74 678
- L]
21 (s) x (17) x 3, @ ! 0' 42 | s ALGEBRAIC SUM é l !
CHANGE SIGN OF RESULT 1 3 (32), (33). wio (38) ! 5 |9% ] 123
2 ?:gis:;c(:l:;‘ - N 17' 508 | 10' 000 l 0000
] 1 ] 1
T J ' T
il B é | 136 112 |7 | ws OV 5,001 1710
1
| (11) x (17) x 3 ® : 0, 261 |% | 36 - 030 L . 998 | 8290
| p— 1 1
23 [ (S) x (16) x 3 @ | 0 048 [® | we0w 3,777 8703
ALGEBRAIC SUM | ! T T
%1 (25 (), wo (289 & | 135, 803 [ | 6o r 0 8,776 6993
! ! ! 0SE LOG TAN IS ol o "
m | oo *| 1100, 336 277 |% | tonueswor s S| 3 . 25 20
T 1 o T al g
% | (1) x (22) 5 | s 854%™ fluwe . 17 13
1 ' ' REPEAT (81), CHANGE SIGN ! T
s f:?f“:;c(::: + 1 100 | 330 L42 [ | for .:,ourn:n neuisnERe  © 3 25 20
() X (26) chance ' ' o’ K .
L P “SS::" s . 59 563 ALGEBBAIC SUM (32) awo (43)
91 | ALGEBRAIC SuM + | ! T 1 sz czone 8)
(29) awo (30) 1 100 | 270, 879 38 | 51, 53
COMPUTER CHECKER OATE
SFC J DCE Cpl R ROE 1 Feb 1961
DA 1 :3:“.“ 6'34
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Figure 169. Completed DA Form 6-34.
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Clarke 1866 Spheroid (meters) Volume I, Transformation of Co-
ordinates from Geographic to Grid.

Universal Transverse Mercator Grid Tables for Latitudes 0° — &80°;
Clarke 1866 spheroid (meters) Volume II, Transformation of Co-
ordinates from Grid to Geographic.

Universal Transverse Mercator Grid Tables for Latitudes 0° — 80°;
Bessel Spheroid (meters) Volume I, Transformation of Coordinates
from Geographic to Grid.

Universal Transverse Mercator Grid Tables for Latitudes 0° — 80°;
Bessel Spheroid (meters) Volume II, Transformation of Coordinates
from Grid to Geographic.

Universal Transverse Mercator Grid Tables for Latitudes 0° — 80°;
Clarke 1880 Spheroid (meters) Volume I, Transformation of co-
ordinates from Geographic to Grid.

Universal Transverse Mercator Grid Tables for Latitudes 0° — 80°;
Clarke 1880 Spheroid (meters) Volume I, Transformation of Co-
ordinates from Grid to Geographic.

Universal Transverse Mercator Grid Tables for Latitudes 0° — 45°;
Everest Spheroid (meters), Transformation of Coordinates from
Geographic to Grid and from Grid to Geographic.

Universal Transverse Mercator Grid.

Universal Polar Stereographic Grid Tables for Latitudes 79° 30’ — 90°;
International Spheroid (meters), Transformation of Coordinates
from Geographic to Grid and from Grid to Geographic.

Theodolite: Directional 5.9 In. LG Telescope; Detachable Tribrach,
W/Accessories and Tripod (Wild Heerbrugg Model T-16) FSN
6675—-542—1683.

Theodolite, Directional, 1 Sec, Graduation 5.9 In. Length Telescope,
W/Tripod, Carrying Case and Accessories, Wild Heerbrugg Instru-
ments, Inc., Model T-2, S/N Ranges 5602 through 17897 and 27235
through 30594 (FSN 6675-232-8972) T-2 Model S/N Ranges 50892
through 55124 (FSN 6675-587-3767).

Surveying Altimeters, Wallace & Tiernan Models FA-112, FA-113, and
FA-181.

Logarithmic and Mathematical Tables.

Rule, Slide, Military, Field Artillery, with Case, 10-inch.

Army Ephemeris, 1961.

Use of the Tellurometer in Military Surveying.

Tellurometer Handbook, Tellurometer (PTV) Ltd, Cape Town, South
Africa (issued with each unit).

Instruction Manual, EM 2171, for Able (Surveying Instrument, Azi-
muth, Gyro Artillery) Model XCZA System with Modified Electronic
Package, Autonetics, North American Aviation, Inc.

Field Record and Computations-Tellurometer.
Computation—Azimuth and Distance from Coordinates.




6-2

Computation—Coordinates and Height from Azimuth, Distance, and
Vertical Angle.

6-2b Computation—Trigonometric Heights.
6-5 Record—Survey Control Point.
6-T7a Computation, Plane Triangle, Using Three Sides.
6-8 Computation—Plane Triangle Coordinates and Height from One Side,
Three Angles and Vertical Angles.
6-10 Computation—Astronomic Azimuth by Hour-Angle Method, Sun.
6-10a Computation—Astronomic Azimuth by Hour-Angle Method, Star.
6-11 Computation—Astronomic Azimuth by Altitude Method, Sun or Star.
6-18 Computation—Coordinates and Height from Two-Point Resection.
6-19 Computation—Coordinates and Height from Three-Point Resection.
6-20 Computation—Convergence (Astronomic Azimuth to UTM Grid
Azimuth).
6-21 Computation and Instructions for Use with Star Identifier.
6-22 Computation—Conversion UTM Grid Coordinates to Geographic
Coordinates (Machine).
6-23 Computation—Conversion Geographic Coordinates to. UTM Grid
Coordinates (Logarithms).
6-25 Computation—Conversion Geographic Coordinates to UTM Grid
Coordinates (Machine).
6-26 Observing Record and Preliminary Computation—Altimetric Height.
6-27 Computation—Altimetric Height (Single-Base or Leapfrog Method).
6-34 Zone to Zone UTM Grid Azimuth Transformation.
6-36 Zone to Zone UTM Grid Coordinates.
3. Other U.S. Government Publications Special Publication No. 237, Manual of
(Available from The Superintendent of Doc- Geodetic Triangulation.
uments, U.S. Government Printing Office, b. Department of the Navy.
Washington 25, D.C.) Naval Observatory: American Ephemeris
a. Department of Commerce. . ) and Nautical Almanac (published
Coast and Geodetic Survey: Special Publi- annually).
cation No. 225, Manual of Reconnais-
sance for Triangulation. Air Almanac (published annually). Hydro-
Special Publication No. 234, Signal Build- graphic Office: H. O. No. 205, Radio

Time Signals (Current Series).
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APPENDIX I

SURVEY TECHNIQUES

TRAVERSE

Fourth order (1:3000)

Fifth order (1:1000)

1:500

T2 Theodolite T2 Theodolite Stee! tape and Steel tape and Steel tape and Steel tape and
Requirement 1-second 0.002 mil T2 Theodolite T 16 Theodolite transit (l-minute M2 aiming
(1-second) (0.2 mil) or 20-second) eirele
Traverse yes yes yes yes yes yes
closed
On second preferred preferred preferred preferred preferred preferred
known point -
On starting acceptable acceptable acceptable acceptable acceptable acceptable
point
Traverse yes yves no no no no
adjusted
Closing error 1:3000 1:3000 1:1000 1:1000 1:1000 1:500
in position
not to exceed
Allowable 5” 0.02 mil 15" 0.1 mil 15" 0.5 mil
error in azi-
muth per
main scheme
angle
Initial circle 0°00°30” 20" | 0.150( +=0.10 0°00'30" =20" 1.0 mil NA NA
settings mil).
Horizontal 1 postion 1 postion 1 position 1 position 1 D/R 2 repetitions
angles
Vertical 1 D/R to HI 1 D/R to HI 1 D/R to HI 1 D/R to HI 1 D/R to HI 2 readings
angles
Distance tellu- | 2 coarse, 2 coarse, single taped single taped single taped single taped
rometer) 4 fine 4 fine checked by checked by checked by checked by
Distance (steel | double taped | double taped pacing pacing pacing pacing
tape) 1:5000 1:5000.
Scale factor yes yes no no no no
Log tables Vega TM 6-230 Vega TM 6-230 Vega TM 6-230
(7-place)
Bearing angles 10~ .01 mil 10" 0.1 mil 10" 0.1 mil
E and N 0.01m 0.01m 0.1m 0.1m 0.1m 0.1m
carried to
H carried to 0.1m 0.1m 0.1m 0.1m 0.1m 0.1m
Horiztonal and 1” 0.001 mil 1" 0.1 mil 1" 0.1 mil
vertical
angles re-
corded to
Vertical angles 10" 0.01 mil 10" 0.1 mil 30" 0.1 mil
used to
nearest
Azimuth 1" 0.001 mil 1” 0.1 mil 1” 0.1 mil
carried to
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TRIANGULATION—INTERSECTION—RESECTION

Fourth order (1:3000)

Fifth order (1:1000)

1:500

T2 Theodolite T2 Theodolite Steel tape and Steel tape and Steel tape and Steel tape and
Requirement 1-second 0.002 mil T2 Theodolite T16 Theodolite transit . M2 aiming
(T2) (T2) (1-sec) (0.2 mil) (1 min and 20 sec) circle
Closed (tied to yes yes yes yes yes yes
existing
control)
Adjusted yes yes no no no no
Closing error 1:3000 1:3000 1:1000 1:1000 1:1000 1:500
in postion
not to exceed
Allowable 5" 0.02 mil 15" 0.1 mil 15" 0.5 mil
error in
azimuth per
main scheme
angle
Initial circle 0°00'30" +20" 0.150 0°00'30" = 20" 1.0 mil NA NA
settings 270°00'30” 20" (£0.10 mil)
4800.150
(+0.10 mil)
Horizontal 2 positions 2 positions 1 position 1 position 1 D/R 2 repetitions
angles
Vertical 1 D/R to HI 1 D/R to HI 1 D/R to HI 1 D/R to HI 1 D/R to HI 2 readings to
angles HI
Distances double tape to | double tape to | double taped | double taped double taped double taped
1:7000 or 1:7000 or 1:3000 1:3000 1:3000 1:3000
with tellu- with tellu-
rometer. rometer.
Scale factor yes yes no no no no
Log tables Vega TM 6-230 Vega TM 6-230 Vega TM 6-230
(7 place)
Bearing angles 1” 0.01 mil 1” 0.1 mil 1” 0.1 mil
E and N 0.01m 0.01m 0.1m 0.1m 0.1lm 0.1m
carried to
H carried to 0.1 m 0.1m 0.1m 0.1m 0.1m 0.1m
Horizontal and 1" 0.001 mil 1" 0.1 mil 1” 0.1 mil
vertical
angles
recorded to
Vertical angles 1" 0.01 mil 1" 0.1 mil 30" 0.1 mil
used to
nearest
Azimuth 1" 0.001 mil 1” 0.1 mil 1” 0.1 mil
carried to
Minimum dis- 2214 ° 400 mils 2215 ° 400 mils 2215° 400 mils
tance angles pref 30° pref 533 mils pref 30° pref 533 mils pref 30° pref 533 mils
Minimum apex NA NA NA 150 mils NA 150 mils
angle tgt
area inter-
section
Triangle Average for Average for +30” +0.3 mils +30” +1.0 mil
closure. scheme 127, scheme 0.05
max for tri- mil max for
angle 15" triangle
0.06 mil
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ASTRONOMIC OBSERVATIONS

Fourih order

Fifth order
1-second 0.002 mil 1-gecond 0.2 mil 1-min or Aiming
Requirement Theodolite Theodolite Theodolite Theodolite 20-sec circle*
(T2 (T2) (T2) (T16) transit (M2)
Minimum number of sets to 3 3 3 3 3 4
be observed.
Rejection limit. 30" 0.15 mil 60" 0.3 mil 60" 0.3 mil
Number of sets that must 2 2 2 2 2 3
remain and be remeaned.
Horizontal angles. 1 position 1 position | 1 position 1 position 1 D/R 2 readings
Vertical angles. 1 D/R 1 D/R 1 D/R 1 D/R 1 D/R 2 readings
Considered accuracy. 30" 0.15 mil 60" 0.3 mil 60" 0.3 mil

*Specifications apply for determining a fifth-order azimuth.
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If the direction is not to be extended from the line established by the
observation, the rejection limit can be relaxed to 1.0 mil with a considered accuracy of 1.0 mil




APPENDIX I

DUTIES OF SURVEY PERSONNEL

1. Survey Officer
The survey officer—

a. Coordinates and supervises training of
survey personnel.

b. Coordinates, supervises, and emphasizes
the preventive maintenance program on survey
equipment.

¢. Coordinates, supervises, and establishes
the survey information center (when the SIC
is authorized at his echelon).

d. Accompanies the commander on recon-
naissance.

e. Formulates and implements the survey
plans.

f. Supervises and coordinates the field opera-
tion of survey parties under his jurisdiction.

g. Advises the commander and staff on sur-
vey matters.

h. Coordinates survey operations with sur-
vey officers of higher, lower, and adjacent
headguarters,

el UTL

2. Chief Surveyor (Surveyor)
The chief surveyor (surveyor)—

a. Acts as principal assistant to the survey
officer and when directed performs any or all
of the duties of the survey officer.

b. Supervises survey personnel in perform-
ance of routine reconnaissance, communica-
tions, and survey activities.

¢. Performs other duties as directed.

3. Chief of Survey Party

The chief of survey party—

a. Trains the survey party for which he is
the chief.

b. Implements his party’s portion of the sur-
vey plan.

¢. Orients party members on the survey plan.

d. Supervises and coordinates the field opera-
tion of his survey party.

e. Maintains liaison with the survey officer
or chief surveyor during field operations.

f. «Supervises preventive maintenance on
section equipment, to include vehicles and com-
munications equipment.

g. Performs other duties as directed.

4. Chief Survey Computer
The chief survey computer—

a. Acts as principal assistant to chief of sur-
vey party and is capable of performing the
duties of the chief of survey party.

b. Maintains a stock of all required DA
forms for computation of surveys.

¢. Supervises and assists in training mem-
bers of the survey party to perform survey
computations.

d. Performs survey computations independ-
ently during field operations.

e. Actively supervises the other survey com-
puter during field operations.

f. Insures that all computations are checked
for accuracy.

g. Performs other duties as directed.

5. Survey Computer
The survey computer—

a. Assists the chief survey computer in the
maintenance of required DA forms for com-
putation of surveys.

b. Performs computations
during field operations.

independently

¢. Performs other duties as directed.
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6. Instrument Operator

The instrument operator—

a. Performs preventive maintenance on the
authorized instruments.

b. Operates the instrument during field oper-
ations.

¢. Verifies vertical alinement of the range
pole before measuring angles during field
operations.

d. Reads measured values to the recorder and
checks the recorder’s operation by use of a
read-back technique.

e. Familiarizes himself with fieldwork re-
quirements for all survey methods.

f. Assists tapeman in maintaining alinement
during taping operations.

g. Performs other duties as directed.

7. Recorder
The recorder—

a. Maintains an approved notebook (level,
transit, and general survey record book, DA
Form 6-72, or book transit, or field book)
record of all surveys performed by the survey
party.

b. Records survey starting data and all
measured data with a 4—H pencil in a neat and
legible manner during field operations.

¢. Sketches, in the approved notebook, com-
plete descriptions of principal stations occupied
during field survey operations.

d. Checks, means, and adjusts angular data
measured by the instrument operator,
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e. Checks taped distances by pacing.

f. Provides required field data to the chief
survey computer and survey computer inde-
pendently.

g. Performs other duties as directed.

8. Tapeman

The tapeman—

a. Maintains the fire control set, artillery
survey third (fourth) order.

b. Tapes distances using proper taping tech-
niques during field operations.

¢. Computes an accuracy ratio for taped dis-
tance when required.

d. Reports measured distances to the re-
corder.

e. Operates and maintains section radio
equipment.

f. Performs other duties as directed.

Note. Rear tapeman commands the taping team.

9. Rodman

The rodman—

a. Maintains station marking equipment.

b. Marks stations with hub and witness stake
during field operations.

¢. Centers and plumbs survey range poles
over survey stations as required during field
operations.

d. Assists the tapeman in maintaining aline-
ment of the tape.

e. Operates and maintains section radio
equipment.

f. Performs other duties as directed.




INDEX

Paragraphs Page
A vernier, use - 73,74 34
Accessories:
Aiming circle M2 52 22
Altimeter _____________ — 183 95
Azimuth gyro surveying instrument ______ 175 91
Survey oo _______ 17,19-26 - 8,9
Taping o ___ - ©17,27 8,10
Target set, surveying . ___.____________ 166 89
Tellurometer .. ________ 139 67
Theodolite, T2 ___ o _ 108 54
Theodolite, T16 _________________________ 88 45
Transit _.____________ - 68 30
Accidental errors ___________________________ 46, 48 ' 17
Accuracy: 6 4
Astronomic observation __________________ 387, 417 216, 236
Comparative, of taped distances __________ 45 17
General ________________________________ 6 4
Intersection —______ 265, 266 165
Observation battalion survey ____________ 300 179
Ratio, traverse . _______________________ 227 141
Resection . ___________________________ 263 162
Traverse o __ 211 129
Triangulation .. ______________________ 238 147
Trilateration . ______________ 268 165
Adjustment:
Aiming circle . ________________________ 66 28
Angles, for horizon closure ______________ 77 aRr
Angles, for triangle closure - ____________ 247 149
Theodolite, T2 . ____ o _____ 108 b4
Theodolite T16 _______ . ______ 102-107 51
Transit . ____ 82-87 41
Traverse (azimuth, coordinates and height) 231-233 ' 143
Aiming dircle M2,
Accessories e 52 22
Care and adjustment ____________________ 65, 66 28
Checking level line _____________________ 66 28
Checking level vial(s) ___________________ 66 28
Components . _________________________ 51 18
Declination . _____________________ 59-62 25
Scales oo ___ 51 18
Leveling ___ . __________ o ____ 54 23
Measuring:
Grid azimuths, with ________________ 64 27
Horizontal angles ___________________ 56 24
Vertical angles . ________________. 57 24
Moving e ' 67 29
Reading scales _________________________ 51 18
Setting up e 53 23
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Aiming circle M2—Continued

Taking down ________
Testing _________

Air Force installation, survey
Alidade —___________ —_
Alinement, tape ____
Altimeter, surveying:
Care and maintenance __________________
Comparison adjustment _________________
Deseription . ________________________
General _____________ __________ _—
Individual instrument temperature
correction __________________ __________
Latitude correction _____________________
Principles of operation . _______________
Reading the scales ___ — -
Relative humidity and air temperature
correction —___________________________
Altimetry:
Computations __________________________
¥Forms ______ ______ __
Methods __ _
Leapfrog -
Single-base (one-base) —_____________
Altitude ________________ - _—
Altitude method of astronomie observation ____
Angle:
Azimuth __________________
Mean _______________ -

Angles:
Astronomic observation ___.______________

Determining with theodolite,

(See Theodolite.)
Distance . _____________ _____
Horizontal _________ —_

Measuring with:
Aiming circle. (See Aiming circle.)
Transit. (See Transit.)
Orienting . ____________ o ___
Vertical __________ -

Air defense artillery survey:
AW battalions (batteries) ————__—________
General _____ _______ ____ o
Gun battalions (batteries) ______________
Missile battalions —______________________
Mission . ________
Surveillance radars _____________________

Army Map Service technical manual (AMS
TM) (See TM 5-241.)

Assumed data ————______________
Astronomic observations:
Aceuwracy o ______ _________ ______

Azimuth:
Checks and improvement ______.______
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Astronomic observations—Continued
Conversion — e

Choice of celestial body - _____________
Comparison of methods . ______
Computations

Determining field data

Limitations __________

Measuring angles . —

Records of field data
Required field data
Star identification
Techniques
Temperature - ——— -
Time -

Astronomic triangle (PZS) . _____________

Autumnal equinox _

Azimuth:
Adjustment __.____ -
Computed from coordinates ______.________
Conversion ——________ . _______________
Corrections, 1:3,000 traverse ____________
Determined by astronomic observation.

(See Astronomic observations.)
Grid . _______________
Mark . _____________ ___ .
Transformation _________________ -
True ___________.___

Azimuth Gyro Surveying Instrument:
Deseription . ______________________
Settingvwp . __________________ _ _______
Operation - - -
Maintenance ——- -

Base:
Intersection ____________________________
Resection, one-point . _________._______
Target area o
Triangulation . _______________

Basic survey operations —____________________

Battalion and battery, observation.
(See target acquisition.)

Battalion and battery survey, air defense
artillery. (See Air defense artillery survey.)

Battalion and battery survey, field artillery:
Alternate positions . __________________
Assumed data __________________________
Astronomic observation ____________
Connection survey —_____________________

Converting to higher echelon grid -_______
General . ________ . ________ __ ________
Operations __ _— —
Divisions __________________________
Sequence _—
When time is limited
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217

91
92
92, 93
94
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168
167
167
168
169
169

263



Paragraphs
Battalion and battery survey, field artillery—Continued

Position area survey 278, 283-287

Searchlight 280

Survey control 272-275
Methods - 276
Points 12,13

273,274
Target area:
Survey __ _— 290-294
Battalion group _— 318
Battery center - 284
Bearing __ - 217-219
Blunders ______ — 49
Breaking tape ___ 33
Celestial:
Bodies ____ — 355
Pointings _____ - 378-379, 396-398
Simultaneous observations _________ 408, 409
Equator ____ 353
Meridian ___________ 353
Sphere ____________ _________________ 353
Triangle _______ 362-366, 413,415,416
Central-point figures —_— 241
Chain of triangles _— - 2317, 240
241

Changes to survey plan 346
Chart, star ____ e 368
Chief of party . __________________ - 209
Clamping handle ____________________________ 17, 28, 42
Closed traverse _________ ________________.___ 208
Closure:

Horizon o 77

Triangle ______________________ _________ 247
Coarse alinement ___________________________ 178
Coarse readings __________________ __________ 143,154
Coast and Geodetic Survey publications ___.___ app I
Collimation adjustments:

Theodolite __________ ____________ ______ 129, 130

Transit ___.____ __ 85, 86
Commander’s instruections —______ . __________ 327, 328, 348
Common gvid . ____________________________ 320, 409, 419, 424
Comparative accuracy of taped distances —_____ 45
Computations:

Altimetry ________ o __ 194, 195

Astronomic observations _________________ 390-392, 404, 407

Coordinates ____ ————  218-222, 240-250, 255, 260, 262-270

Declination constant ____________________ 58-62

Intersection 267

Quadrilaterals __ S 255

Resection ___________________ __________ 260, 262

Traverse _ o~ 218-233

Triangulation _ . ______________ 240-250

Computers _________________ 209
Connection survey _____________________ _____ 288, 289
Constant, declination _ 58-62
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195
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Paragraphs Page

Control: :
' Point, survey (SCP) o __ 12,13 6,167,183, 184, 188
272-274
309, 311, 317 :
Starting - 293 174
Survey e 10-14 5, 6,167, 177, 184, 238, 242
272, 298
312, 314
419, 424
Convergence _ - _— - 392 220
Conversion:
Coordinates. (See also Coordinates, con-
version.) :
Geographic to grid - - 425-427 243, 244
429, 430
Grid to geographic __________________ 425-428 243, 244
Feet to meters _________________________ 222 134
Survey control _________________________ 419-424 238, 242
To higher echelon control ________________ 275 168
True azimuth to grid azimuth ____________ . 392 220
Converting data __________ _— 275 168
Coordinates:
Adjustments ___________________________ 232 143
Computations o ________________ 218-222, 240-248, 132, 134, 148,152, 154, 162
255, 260, 262
Conversion ____________ N - 419-430 238, 244
Geographic . _______________________ 352, 383 197, 216
Grid _ 384 216
Transformation - ______________ 431-437 248, 251
Coordination __ _____________________________ 10,11 5
Corps artillery survey. (See Target acquisition
. battalion survey.)
Corrections, altimetry _______________________ 189-192 99, 100, 128
Critical points ______________________________ 209, 290, 292 128,173,174
DA Forms (See Forms, DA.)
Data, assumed —____________________________ 274, 419, 424 167, 238, 242
Data, starting ______________________________ 212 130
Declination _________________ _______________ 355 199
Aiming cirele __________________________ 58-60 25,26
Constant ____________________ ___________ 58-60 25,26
Station 12,13 5
Department of Commerce publications ________ app I 253
Department of Navy publications - __________ appl 253
Diagonals in quadrilaterals __________________ 241 148
Direction, transmission of ___________________ 408-411 230, 232
Directional traverse ________________________ 208 127
Distance:
Angles . __________ L _____ 242, 245, 254 148,149, 154
Computed from coordinates ______________ 224,225 134
Computed from tellurometer measurement _ 151-158 78, 83
Conversion, ground tomap - _____________ 221 134
Division artillery survey:
Accuracy — —— - 295 177
General __________________ L ____ 295 177
Operations _____________________________ 12, 298 5, 177
Personnel ___________ ___________________ 296 177
Responsibility _ —_—— 12 5
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Division artillery survey:—Continued
SIC _______
Survey control ____

Earth __

Easting

Engineer survey responsibilities ______________

Error(s):
Accidental ____
Caused by blunders
Of closure, height ____
Systematic _______
Taping _—___
Traverse ____ —_
Triangle closure _ ———

Execution of survey plan ____________________

Factor, scale

Factors affecting survey planning ____________
Field Artillery (FA):
Battalion and battery. (See Battalion and
battery survey.)
Battalion-group. (See Battalion-group.)
Group. (See Group, field artillery.)
Missile commands. (See Missile commands.)
Target acquisition battalion. (See Target
Acquisition.)
Field notes:
Astronomic observation __________________
General _______________________ ________
Interseetion __________ _________________
Notebook ___ _________ __ ____  _______
Resection _-____________________________
Traverse _ __ _ __
Triangulation _______. __________________
Trilateration _____________ ___ _________

Fifth order . _____ __ __ o __

Figures, strength ___________________________
Fine alinement _____________________________
Fine readings _ . _____________ _____ ________

Flash ranging observation post - _____________

Focusing:
Aiming cirele M2 _______________________
Theodolite, T-2
Theodolite, T-16 ________________________
Transit —_______ e

Forms, DA —— _
5-189 _ _____________
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Forms, DA—Continued

Forward:
Line
Station

Fourthorder _____________________ __________

Geographic coordinates ______________________
Conversion to grid coordinates ___________

Azimuth ______________________________
Common ____________________ . ____
Convergence _____ . ______.______________
Sliding the . ___________________________
Swinging the - ________________________
Grids, FA __________
Ground reconnaissance ______________________

Group, field artillery ________________________

Hand level ____.__________________ .
Handle, tension _ ____________________________
Height:
Adjustment ____________________________
Computations:
Altimetrie _________________________

Canvorainm
CONVEeYrsioN o

Difference in (dH) - _______________
Error of closureof __________________
Of instrument (HI) . _____________

Trigonometric:
Intersection ___________ _____________
Resection __________________________
Traverse __
Triangulation ______________________

HI. (See Height of instrument (HI).)
Horizon closure __ .. _________

Horizontal angles __________________________
Determining with theodolite. (See The-
odolite.)
Measuring with:
Aiming circle. (See Aiming circle M2)
Transit. (See Transit.)

Horizontal scales. (See Scales, reading.)
Horizontal taping .
Hour-angle method of astronomic observation __

Paragrapha

391
262
260
392, 407
371
428
429
430
194, 195
435
433

250
30-56
213
6,211
app II

352, 391, 425430

425-430
8, 419

58, 61, 64, 306, 392, 407
8, 320, 419-424

392
421, 424
423, 424

419
339, 342
316, 817

17,24, 41
17, 33, 42

229, 233

194, 195

220
220, 233
57

267
260, 262
220-224
248

77
56

3044
393, 407, 415

Page

217
162
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220, 225
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244
193
244
104
251
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153

130
4,129,256

197, 217, 243, 244

243, 244
5, 238

25, 26, 27, 182, 220, 225
5,189, 238, 242

220
239, 242
241, 242

238
194
188

8,9,14
8,12,15

142,144

104
239, 241

SaL

133
133,144
24

165
162
133, 134
152

38
24

10,16
223, 225, 234

267



Identifier, star _

Instrument:
Height _______ ——_—
Operator ____

Instruments survey

Intersection _____
Accuracy ___-____
Computations __________________________
Definition _
Field Notes . _______
Limitations ____________________________
Techniques - ________________

Known datum point (KDP)

Latitude, parallels _____________
Law of sines

Leapfrog altimetry

Legs
Lenses,care —________ ___________
Level:
For level rod e
Hand. (See Hand level.)
Plate. (See Plate levels.)
Leveling:
Altimetric. (See also Altimetry.) __._____
The aiming circle M2 ___________________
The theodolite __________________________
The transit ____________ _______ _________
Trigonometric —_________________________

Lights used on ranging pole _________________
List, trig

Logarithmic tables __________________________
Longitude, meridians ________________________
Magnetic:

Needle . ________ ___________________

Objects affecting —__________________
North o __________

Map reconnaissance _________________________
Mark, azimuth _____________________________
Mean angle ______________________ _________
Measuring:

Angles. (See Angles.)
Distances. (See Taping.)

Mercator projection. (See Projections, map.)
Meridians of longitude ____ -
Meteorological station, survey . _____________

Methods, survey, use —______
Military slide rule _— -—
Missile command survey:

Air transportable —__ . __________________
Medium _______________
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appl
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237, 264-267
265, 266

267

237

200

266

265

321

362

240
187,195
207

65, 80,123

17, 26
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53
92,112
71

249, 255

214
9, 297
301
17,19
352

51, 58-64
60

58, 59
139

339, 341
391

56, 57

352
12,13
276
17,19

319
318

Page

197
253

208

24
128, 259
8

147, 165
165
165
147
111
165
165

189

197
148
98,104
127

25, 41, 61

8,9

98

23
417,56
33
152,154

130
5,177,179

8
197

18, 25, 27
26
25

67
194
217

24

200
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Mission, air defense artillery -
Mission, survey

Nadir
Naval Observatory publications ______________
Night:
Lights used with ranging pole ___________
Taping ____ i I
Northing, difference in (dN) - _____________
Notebook. (See Field notes.)
Notes, field. (See Field notes.)

Observation:
Astronomic. (See Astronomic observations.)
Post(s) --——— -

Target area:
Azimuthmark . ____________
Definition
Selection —_____________________

Observer’s position ____
Occupied station —_
Open traverse e e

One-point resection, (See Resection.)
One-base (single-base) altimetry ____________
Operator, instrument ____

Orienting:
Angle -
Line _— —
Point radar _______ _—
Station _______ —_

Parallax _______ ——

Parallels of latitude ____ -
Party, traverse - _— _—
Pins, taping. (See Taping pins.)

Plan, survey. (See Survey plan.)

Planning, survey. (See Survey planning.)

Plate levels ____ e

Plumb bob ________ o __
Used in taping __ - ________
Used with aiming cirele M2 ______________
Used with theodolite ____._______________
Used with transit - _____________

Pointings __ —————e
On celestial bodies - _____________
Pole, ranging e
Tripod ——__ -

Poles, north and south celestial ___——_________

Position:
Area survey ____________
Taken with theodolite. (See Theodolite.)

Prescribed accuracy. (See Accuracy.)
Psychrometer ____

Publications __ oo ___
PZS triangle ____ —_

Paragraphs

14, 320
8

354
app I
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39

218, 219, 222

292

291
291
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354
317,213
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194
209, app 111

284
11, 284
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72,109, 373
352
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68, 71, 83, 88, 92, 103, 108, 126, 169
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69, 70
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378, 379
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353

278, 283287

182, 184, 192

app I
362-365, 413, 415, 416

Page

6, 189
5

199
253

130
14

132, 133, 134

174

173
173
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199
13,130
127

104
128, 259

170
5,170
170
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34, 55,212

197
128

30, 33, 42, 45, 47, 51, 54, 63, 89
8, 9, 10, 11, 16
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45, 47, 54, 56
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24, 38, 49, 58
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9, 130
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100
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Quadrants _________________________________
Quadrilaterals

R1 and R2 chains

Radar:
Orienting point _______
Surveying —

Radio time signals

Range-calibrating point, radar (ADA) _______

Ranging pole . _____________ ___
Tripod - ___

Ratio, accuracy, traverse

Rear station _______________________________
Reciprocal measurements of vertical angles ____
Reconnaissance . ____________________________

Triangulation __________________________
Recorder. (See also Recording.) _____________
Recording. (See also Recorder.) _____________
Reference stake

References ________________ .

Refraction

Registration point __________________________
Repair, tape - ____ _______________________
Resection ________________________ __________
Accuracy ___________ o __
Computations _— - _ _
Field notes _—____________
Techniques —____________ -
Three-point _____________ _______________
Two-point ____________________________.
Restricted area (ADA) - _
Restrictions on survey operations _____________
Right ascension (RA) ______ _—
Rodman ________________ - -

Rule, slide, military _________________________

Scale factor _______________________________-
Scales, reading:
Aiming cirele —_______ . ___
Altimeter _______________________ -
Theodolite, T-2 _________________________
Theodolite, T-16 ________________________
Transit ____ ___________ e

Schemes of triangle _________________________
SCP. (See Survey control point.)

Searchlight units . _______________________
Sets, surveying __________________ o ___
SIC. (See Survey information center.)
Signsof dEanddN _________________________
Silica gel . ________ __________ .
Simultaneous observations on celestial bodies __
Sines, law ___________________ _______________
Single-base (one-base) altimetry _____________
Single triangles, chain ______________________
Sitwation __________________________________
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221

51, 52
183, 188
115-118
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330
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Sketch —-__
Slide rule, military ______
Sliding the grid
SOP. (See Standing operating procedures.)
Spherical triangle
Stake, reference __________
Standing operating procedure (SOP) _________
Star:

Chart ______ o __

Identification

Identifier ___ _—
Starting:

Control _______________

Data, traverse -

Station:

Declination ___________________________
Forward. (See Forward station.)
Occupied. (See Occupied station.)
Orienting __________
Rear. (See Rear station.)

Traverse __.__ N -
Triangulation _______ .

Steel arrows (taping pins) . ____________
Strength of figures __________________________
Surveillance radar ___ -

Survey:

Accessories __________ — -

Control ___ _—

Point (SCP) _________ _— -
For weapons position _______________
Information center SIC _____________
Instruments ____
Methods, use o ______________
Mission _ — -

Plan:

Changes ____..___ -
Execution _____ —
General _____________________ _______
Sequence - -
Planning:
General ____________________________
Standing operating procedure ________
Steps in survey planning ____________
Surveyplan ________________________
Purpose __________ .

Sets __ _— —

Station, traverse - _

Surveying:
Altimeter. (See Altimeter, surveying.)
Forms. (See Forms, DA.)

Swinging the grid - _________ . ___

Systematic errors

Tables, logarithmie __________________ _______

Tape:
Alinement __________ N —
Breaking _________
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420
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Paragraphs
Tape—Continued
Lengths, measuring 30-32
Repair ______ 29
Tapeman —_ 30, 31, 209
Tapes:
Care ____ — 28
Description _ - - 27
Taping ___________ - _— 3049
Accessories ____________________________ 17,27
Alinement __ S 41
Errors - — 46—-49
Night —_________ e _____ 39
Notes _________ _— 198
Pins _ 17,21, 44
Target acquisition battalion survey:
Aceuracy o ______ 300
Coordination and supervision ____________ 13, 303
General ________________________________ 300
Operations ._______ . __________________ 304-315
Personnel ______________________________ 302
Responsibility __________________________ 13
Survey information center (SIC) ________ 301
Target area:
Base, survey _ _________________________ 290-293
Survey . _ _______ 290-293
Target set, surveying:
Accessories ____________________________ 166
Adjustments ___________________________ 173
Setting wp ____________________________ 167, 168
Leveling _______________________________ 169
Maintenance . ________ 174
Operations _____________________________ 171,172
Temperature:
Astronomic observations _________________ 382
Corrections, altimetry ___________________ 190, 192
Technical manual 5-241 series (formerly AMZ
TM series) o _____________________ 427, 432,434, app 1
Techniques _________________ o _____ app 1II
Astronomic observations —_——— - 387-389, 403, 417
Intersection ____________________________ 265
Resection ____________ 259
Traverse _______ app II
Triangulation __________________________ 238
Tellurometer:
Accessories __________ __________________ 139
Computing a distance ___ 151-158
Deseription ____________________________ 139
Field notes - _____________ o ___ 164
General _________ — - 138
Maintenance ____________________ _______ 162, 163
Measuring a distance ___________________ 150
Monitoring controls . ______________ 147
Operating controls ______________________ 147
Operations - . 145-161
Personnel ______________________________ 159
Phase comparison _______________________ 142
Preset controls _________________________ 147
Principles of operation - ____________ 140
Settingwp - ___________________________ 148
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Tellurometer—Continued
Setting up controls -
Traverse ————
Trilateration ____
Tuning
Tension handle

Terrain, effects of, on survey operations —___.__
Tests for aiming circle
Theodolite; T2 (mils):
Accessories —______
Adjusting for parallax —_________________
Adjustments __________
Care and maintenance ___________________
Circle-reading system -
Description _______ _—
Horizontal angles —______________________
Leveling —_— —— —_——
Reading scales _____
Setting up
Taking position ______ —
Vertical angles . ______________________

Theodolite, T-2 (Sexagesimal) :
Adjustments — —_——— _—
Circle reading ______ —— _
Description e
Horizontal angles - ____________________
Reading scales ____ —_ .
Vertical angles .. ______________________
Theodolite, T-16:

Accessories ____________________________
Adjusting for parallax .
Adjustments ___________________________
Care and maintenance —_________________
Circle reading . _______ _________________
Deseription _________
Horizontal angles - _____________________
Leveling _ [ —
Reading secales _________________________
Setting up __ -

Taking position ——_________ _____
Vertical angles . ________________ ______

Thermometers in psychrometer _______________

Three-point resection. (See Resection.)

Time:
Apparent _____________ _—
Available for survey operations .. —__-__
Mean ___________________ -
Of altimeter observation _—______________
Of astronomic observation ___ . _______
Sidereal N _—
Signals o _______ _—
Solar e
Standard __ o _
Zone corrections . ___ -

Training, survey ——

Transformation, azimuth and coordinates _____

Transit:
Accessories o—— e
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112
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Transit—Continued

Adjusting for parallax __________________
Adjustment of angles ___________________
Adjustments _______
Care and maintenance —_________________
Components ____________________________
Description . . _________________________
Horizon closure _________________________
Horizontal angles _______________________
Leveling _ o ________________ _______
Scales _____________ _—
Setting wvp . _________
Vertical angles _________________________

Transit time . _____________________ . ___
Transmission of direction ___________________

Traverse:

Accuracy - . ________

Ratio .
Adjustment ____________________________
Coordinate computations ________________
Definition ________________
Directional _____________________________
Error, radial ___________________________
Field notes —____________________________
Height computations ____.________________
Party __________ e~
Secale factor _______ _____________________
Starting data ____________ __ ___________
Stations ___.__________________
Techniques _____________ _____ __________
Tellurometer __._________________________
Types

Triangle, astronomic (PZS) ___ . ________
Triangle, error of closure ____________________
Triangles, chain of . __________ ________

Triangulation:

Accuracy

Checks oo
Angular limitations _____________________
Base measurement ______________________
Choice of side oo ____
Computations __________________________
Definition _____ o __
Error of closure ________________________
Field notes _____________________________
Height computations . _________________
Quadrilaterals . __________________
Reconnaissance _________________________
Sehemes ____ ______
Strength of figures —____________________
Techniques . ______ .

Trig:

List
Trigonometric leveling ____________________
Tripod, ranging pole _______________________
True azimuth ______________________________
Two-point resection. (See Resection.)
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Paragraphs
Use of survey methods ———— 276
Vernal equinox - ____________________________ 352
Vernier(s) - ____ e 73,74
Vertical angles —________ - —_— 57, 223
Determining, with theodolite. (See The-
odolite.)
Measuring, with:
Aiming circle. (See Aiming circle M2.)
Transit. (See Transit.)
Vertical scales. (See Scales, reading.)
Weapons position, field artillery . _________ 286
Weather:
Considerations in altimetry ______________ 187
Effects of, on survey operations __________ 337
Zenith ____ — —_— - 354, 362
Zone to zone transformation _________________ 431-437

Page
168

197
34,35
24, 134

170

98
194

199, 204
248

275



BY ORDER OF THE SECRETARY OF THE ARMY:

Official ;

R. V. LEE,

Major General, United States Army,

The Adjutant General.

Distribution:

Active Army:

DCSPER (2)
ACSI (2)
DCSOPS (2)
DCSLOG (2)
ACSRC (2)
CRD (1)

COA (1)
CINFO (1)
TIG (1)
TIAG (1)
TPMG (1)
Tech Stf, DA (1)
ARADCOM (2)

G. H. DECKER,
General, United States Army,
Chief of Staff.

ARADCOM Rgn (1)
LOGCOMD (1)
Armies (5)

Corps (3)

Div (2)

Div Arty (3)

Bde (1)

FA Gp (5)

FA Bn (5)
USAAMS (900)
Units organized under following TOE:
6-37 (2)

6-577 (5)

NG: Same as Active Army except allowance is one copy to each unit except TOE 1-7, 1-17 (1); 6-100, 6-300

(4); 6401, 6-501, 7-2, 17-2 (2).

USAR: Same as Active Army except allowance is one copy to each unit. For explanation of abbreviations used,

276

see AR 320-50.

I U. S. GOVERNMENT PRINTING OFFICE: 1961—598778/0002A



460583 0-58 (Face p. 276)

WORLD STAR CHART

on \ . \ NORTH
90’_4n1—|ll‘ll|l'rlrrl T vr]r%fq-ﬂ—rv—r‘!fv—v—'u |x|116rx'x]11h|1||| EHFT—rJIHIH.,lOT'—T h h 7 h 4 h h Oh
- +‘s_ I I Ll l LI T @] LI —fﬁ—r LIRS ] 900
- ~~§\~+ Paloris -1
80‘_ o hbT — (-] 1st Magnitude (Brightest) LISTEQ IN TMB-300) & ON 1
[ & ] T e ' ® 2d Magmtude (Brightest) SIAR IOENTIFIER (EXCEFT 80°
- sy | + +:"-~MJF°R,—/.© Kochab I L] 3d Mogmtude {Bright) OCTANTISA BETA HYDRUS
704 CEPHEUZ™™~ ] Lot R | () 2d or 3d I\_/Iagm'ude .(Brnghl) NOT LISTEO IN TM6-300-() E
o e ~ + 4th Magnitude  (Dim) AND NOT ON STAR IDENT- 70°
L & ;ﬁ ORACO @, < ° SthMagmitude  (Dim) R
o { |oraco | Fe cassjoPela |
- AN ;S - —+ ® Oubhe + @ {Gommo] Cassiopesae |
- 3 == i e {Cassiopdios, Gomma)
L ey e Mizor i 3 s e Teor
t -":"\‘ /P'-- - @D @i k_i_e_r?k / Ruchboh | 2Coph &
- Etommn @—"’b +-. / i Auath \Phecda | TU7me - ! o’ ]
)_ t | i 1 URSA -, i Schedir ]
H hd '
N Oeneb + % |Atkaid \ MAJOR g 50°
B ¥ ! i {(Benetnasch) N Lo Capello
- ’. + ~.. e o
ot N / L./ AN = .
- - N + |.oveo ¥ % & { AuriGal, B . .
L SN i + i + {BgoTES ® i 40
t + + & {1+ ERCULES i ) + S .. ANDROMEOA ]
e i 1y ; + o ceals \ &
30 —® e~ A [ i S + + [ser ® . . 3
[ ‘ ® 4+t S RN SESIN ETNoth ph “®—{30°"
[PEGASUS T +, + 9‘~+-Q; | +\+ : " + + Q/P_': '_‘:‘ ~a T @, pLEIAOES | TRIANGULUMY latpheratz
- } | [ phecca \ f N - o
20 + + : &  |corona "o d g -2 1+ SEMIN »—%—_,_}—a\—__.\\ + % @|Homal + ]
[ Morkob + + ! BOREALIS % / — @
[ Morke \ ++ @ Arcturus G: __é_ LEO /’T / N 1!-:“ T~ —20’ z
B \‘~.+ ¢ ++ ® ? Rosolagud @ Denebolo | - ﬂ{'/ % L4 m "0t ™~ + @] 3
10 = ":E ; ‘,' T |', e, & ’G Qulus + ( Alhend, Geminarum Gamma) Aldebaran + ™ q x
E - S ] / ! { T - h P =+ 10° <
- + Altaie s ; \ YA + / + )4 + ~+ Bel totyix + + i
X aque® | 7 N ® N IRGQ/" \\ sl 2y OProcym| _Betegeus 3 TN W2
s oaH__ ik  seAmcHTE— T & X Equinoctidt { Equoter) + ) CANIS MINOR ‘ORION} E\T ~_ ] E‘é
N . ~._ ADUARI PS & ® ! ® k) / Autumngl Equinax 7 L) + verpol Equingx] o° g
[ . ! + HYora ¢ @Y Alnan ~ o
T L \\\ @ ﬂ ] 4 I // ; (Zetd Of?ms l S + 1 S8
107 & ¥ Y 2 /6 Alphord (Alni uks Rigei —-0,-» J—_ \\\ & P N TE
- I_re i) \\ ° — ’ " lI L i b
- \~QPRICO'RNUS ® L +/LI‘BR;\ /\_/ spica e -~ ] {Orignis, Zeta) 7 ) %ETU = 7 _10" 2
= &.\\<,~ [.' Sabik LR 9‘"& @& Sirus +* ® % _\{_ \‘\ N N 0y
207 N i ' RodO 4 - ¥
- i P H =+ tcorvU AANIS /\LEpls A ]
[ R —— | __?‘f_r/&,:‘_ p_sfhubba b 8 H » ol MAJC;R g é\e /,/ De oTfos 20°
s - Sy - - Oelta) Canis Mojori Diphd
ot Fomathaut Nuni /ﬂx Asgores © " 4 ®-FvorRA & S d}*ic:miu- ajar " Beite) H onda) ]
3 Vi Kot i i ERIDANUS .
SAGITTARIUS |/ ¢5C°RP ip (Thbta) Centauri : N ] 30°
N Shaulo @p Ceptaur, Theta @-~~--@_ i 8 [::) i ]
- K] Kous Austl g ’é q ; A @&'CoLUMBA |
40 5 R / U R N I N SO ¥ +
L ~7GRrUS @ py p P -+ =+ & = ™ o
PiaN ~ ~ g T =" ,—”'“ ™ I T 4
E o “@l ® &—e &Q { cENTAURUS T omArsenan {1 Bl @ Acamar R )
5 At Nole @ LUPUS,’b /é\ é—’ T 7% (VELA) ?l" ggummu) Argus | N, e \+3
5 & P, N ARGO /. N 4 rgus, )\ ‘s B
[ ARA, & A ‘m/"} t N : N 7 Nelorum,'cmwn ) Y PHOENIX 50°
r @ Peacock ® d ,:(’ ';l 7 [ &Con opus +\
2 s / {Beta)Ci ) - e ]
GO"_ 4 " (Crucis, Be . ) Argu: ® @ Acherdor ]
[ igl i~ us, Epsiion 60°
" . A Figi Femt &E:,,‘:Z,ﬁj"é’:,:, o & Connos, Epsiion) b -
709 ! @ TR|AUST g (Crucia, she) S 3
- ’ (Alpha) Trl [Aust ]
t ' % CIn Ar«\.r ?‘;s 70°
of | | @octontio _{Hydrus, Beta) ]
i I : e ]
i H 80°
goar:1||1x lIIIl‘Illlll%Llll ] I i I
' P R (U8 SR U0 S U AN U W O O [ 1 1
2ah 23 23 >Th Ll cba e g by by i IR AT NN RN NN i
20 Toh 18h 17 15h 14n T5h izh ith 10n o e e T b b e bica b uleee
RIGHT  ASCENSION

Figure 141.

World star chart.

-~



———

6295 +10000E







6295 100008

IRHRELELA D

AHYHE!T NODVIN3d

Jilll

~



