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PART ONE

ARTILLERY SURVEY OPERATIONS AND PLANNING

CHAPTER 1
GENERAL

1. Purpose

This manual is a guide for commanders, sur-
vey officers, and personnel engaged in the con-
duct of artillery surveys. It provides a basis for
ingtruction, guidance, and reference in survey-
ing principles and procedures and in the opera-
tion and care of surveying instruments.
Procedures covering all situations cannot be
prescribed ; therefore, these instructions should
be used as a guide in developing suitable tech-
niques. The material presented herein is ap-
plicable without modification to both nuclear
and nonnuclear warfare.

2. Scope

This manual discusses 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 in-
formation are listed in appendix I.

4. Changes and Corrections

Users of this manual are encouraged to sub-
mit recommended changes or comments to im-
prove the manual. Comments should be keyed
to the specific page, paragraph, and line of the
text in which the change is recommended. Rea-
sons should be provided for each comment to
insure understanding and complete evaluation.
Comments should be forwarded direct to Com-
mandant, U. S. Army Artillery and Missile
School, ATTN: AKPSIPL, Fort Sill, Okla.
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5. Mission of Artillery Survey

The misgion of artillery survey is to provide
a contmon grid which will permit the massing
of fires, the delivery of surprise observed fires,
the delivery of effective unohserved fires, and
the transmission of target data from one unit
to another. The establishment of a common grid
is a command responsibility.

6. Fundamental Operations of Survey

Survey 1results are obtained from the fol-
lowing:

a. Planning. A thorough plan which includes
reconnaissance and gives full consideration to
the factors affecting survey and conforms to
basic essentials contributes to successful ac-
complishment of the survey mission.

b. Fieldwork, Survey fieldwork consists of:
(1) Measuring distances.

(2) Measuring horizontal and/or vertical
angles.

(3) Recording all pertinent data.

e. Computations. Computations are per-
formed simultaneously with the fieldwork.
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.

7. Responsibilities of the Corps of Engineers

a. Responsibility. The survey responsibilities
of the Corps of Engineers are described in AR
117-5 and TM 5-231. The Corps of Engineers
is responsible for the establishment and exten-
sion of basic geodetic control in support of
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artillery and missile units. Close coordination
between engineer and artillery and missile sur-
vey units must be maintained because exact
methods and procedures for joint operations
and boundaries of responsibility can be estab-
lished only after careful ahalysis of each survey
problem.

b. Functions. Corps of Engineers topographic
units will—

(1) Extend all geodetic control required to
the area of operation of artillery and
missiles, perform ail geodetic surveys
to an accuracy of third order or higher
as reguired for control of artillery and
missile fire and assist, when required,
in making astronomic observations to
obtain azimuths for the control system
of missile launching units,

(2) Carry an adequate azimuth from pri-
mary (first- or second-order accuracy)
geodetic control stations to the area of
operations of the missile unit, regard-
less of the zone of operations, when
conditions prevent the unit from ob-
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faining an astronomic azimuth of the
required accuracy.

(3) When required for artillery and mis-
sile units operating outside of the
corps zone, extend existing control to
the unit area.

(4) Furnish existing control data. When-
ever practicable, the control data will
be furnished on the prescribed mili-
tary grid.

¢. Division of Effort. The establishment and
extension of control into the corps area are
functions of the engineer topographic unit. The
surveyors of the field artillery target acquisi-
tion battalion extend control throughout the
corps area and into the division areas.

8. General Responsibilities of Artillery Units

Each artillery commander is responsible for
seeing that required survey control, consisting
of position location and an orienting line of
known direction, is furnished to subordinate
units as soon as possible,

AGO 10005A
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CHAPTER 2
FIELD ARTILLERY BATTALION AND BATTERY SURVEY OPERATIONS

Section .- GENERAL

9. General

a. This section covers survey operations for
all field artillery battalions and batteries which
have survey requirements, except field artillery
target acquisition battalions and batteries. Sur-
vey operations for field artillery target acquisi-
tion units are discussed in chapter 3.

b. Survey operations are performed by sur-
vey personnel in the field artillery battalions
and smaller units to obtain the horizontal and
vertical locations of points to be used in deter-
mining firing data to provide a means of ori-
enting weapons, instruments, radars, and such
other equipment or positions requiring this
control, Survey operations of separate or de-
tached batteries are performed for the same
purpose.

10. 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 established by a higher survey che-
lon for the purpose of furnishing survey con-
trol to the battalion. One or more such points
may be established for a battalion.

11. Survey Control Points on Grid
of Next Higher Echelon

Survey control points on the grid of the next
higher echelon may be available in the form
of—

a. One or more trig points in the vicinity of
the battalion installations. When available, trig
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points should be used as the basis for battalion
survey operations if survey control points for
the battalion have not been established by the
next higher echelon.

b. One or more survey control points which
have been established between 1,500 and 2,000
meters of the battalion installations by the next
higher echelon. These survey control points
should be used as the basis for battalion survey
operations.

12. Use of Assumed Data

When neither trig points nor survey control
points exist in the vicinity of the battalion (bat-
tery) installations, the battalion (battery) sur-
vey officer must establish a point and assume
data for that point. The assumed data should
closely approximate the correct data. This
point (and its assumed data) establishes the
battalion (battery) grid and is used as the
basis for the battalion (battery) survey opera-
tions. When the next higher echelon establishes
control in the battalion (battery) area, the as-
sumed data must be converted to that control.

13. Converting to Grid of Next
Higher Echelon

2. The methods of converting survey data
are described in chapter 15. Unless the tactical
situation causes the commander to decide other-
wise, battalion {(battery)} data are converted
to those of the next higher echelon when data
differ by—

(1) Two mils or more in azimuth.
(2) Ten meters or more in radial error.

(3) Two meters or more in height.

b. If the battalion survey officer verifies that
the battalion survey data is correct, he reports
to his commander and to the survey officer of
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the next higher echelon any differences which
may exist between the battalion survey data
and the data provided by the next higher eche-
lon,

e. If the next higher echelon converts its sur-
vey control to a different grid, the battalion
must also convert to that grid.

14. Survey Methods

Field artillery battalion survey operations
may be performed by using any or ail of the
artillery survey methods. provided the iimita-
tions of the selected methods are not exceeded.
A comparison of the different methods is shown
below.

a. Traverse. For most artillery survey opera-
tions, traverse {ch. 8) is the best method to use
because of its simplicity, flexibility, and ac-
curacy when performed over open terrain for
comparatively short distances. In rough ter-
rain, a tape traverse is time consuming and
triangulation or distance-measuring equipment
{DME) traverse should be used.

b. Triengulation. Triangulation ({ch. 9)
should bhe used in rough terrain where taping
is difficult and would require an excessive ex-
penditure of time. In gently rolling or flat, tree-
less terrain, traverse is faster than triangula-
tion unless distances between stations exceed
1,500 to 2,000 meters. If the survey is to cover
a large area or if there are considerable dis-
tances between stations, triangulation will save
time and personnel. However, a more extensive
reconnaissance is required for triangulation
than for traverse.

¢. Interseetion. Locating the position of a
point by intersection (ch. 9) is relatively simple
and fast. However, this method depends on in-
tervisibility between the ends of the base line
and the unknown point. Intersection must be
used to locate points beyond friendly front-
lines. When practicable, these locations should
be checked by intersection from more than one

hase.

d. Resection. The resection method of locat-
ing a point (ch. 9) requires very little field-
work. Resection normally is used in artillery
battalion survey to establish battery centers,
observation posts, or other point locations in

6
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areas where the only existing control is on
points which are inaccessible. Resection is used
to improve map-spotted or assumed data. Any
location determined by resection should be
checked by -a separate determination (pre-
ferably traverse or triangulation) at the first
opportunity.

15. Use of Astronomic Observation

The problem of converting data to a common
grid is greatly simplified if survey personnel
use the correct grid azimuth to initiate survey
operations. True azimuth can be obtained from
astronomic ohservation or by use of the azi-
muth gyro and converted to grid azimuth. Bat-
talion survey personnel should be trained to de-
termine grid azimuth by observation of the
sun and stars. They should also be trained in
obtaining direction by simultaneous observa-
tions.

16. 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 hattery 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 operations.

17. Sequence of Battalion (Battery)
Survey Operations

Battalion (battery) survey operations are
performed in the sequence listed below:

a. Planning (Including Reconnaissance). A
general discussion of survey planning is con-
tained in chapter 5, To insure maximum ef-
fectiveness, battalion (battery) survey opera-
ttons should be planned and initiated prior to
the oceupation of position.
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b. Fieldwork. Fieldwork consists of measur-
ing angles and distances necessary to determine
the survey data required to establish survey
stations. The assignment of personnel to accom-
plish the required fieldwork iz determined by
the number of surveying parties available and
the unit SOP.

e. Computations. Each survey computation
must be performed by two computers working
independently and, when possible, be checked
with a slide rule by the chief of party. When
possible, survey computations should be per-
formed concurrently with the determination of
field data. This will insure that errors are de-
tected at the earliest possible time and will fa-
cilitate the early use of a surveyed firing chart.

d. Disseminalion of Data. After the survey
data have been determined, the battalion survey
personnel furnish the computed data to the fire
direction center for preparation of the firing
chart. In the case of missile battalions, the data
is used in the computer,

18. 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 orienting data for the searchlights. The
survey operations performed are those neces-
sary to establish the grid coordinates and
height of each searchlight. In addition, a grid
azimuth for directional orientation of the
searchlights must be established.

19. Survey of Alternate Positions

Survey operations for alternate positions
should be performed as soon as survey opera-
tions are completed for primary positions, The
requirements for alternate positions are iden-
tical with the requirements for primary posi-
tions,

20. Limited Time Survey

Battalion (battery) survey personnel must
provide the best possible data for construction
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of the firing chart and the best means of orient-
ing weapons in the time available. When time
is a consideration, the survey officer must plan
and accomplish the survey operations necessary
to furnish the fire direction officer with an im-
proved firing chart. The extent of the survey
conducted and the methods employed wiil de-
pend primarily on the time available. The pro-
cedures used for accomplishing the division of
operations may be any combination of the fol-
lowing:

a. Position Area Survey.

(1) Map-spot the battery centers. Deter-
mine direction by compass, declinated
aiming circle, astronomic observation,
or azimuth gyro, as time and weather
permit.

(2) Map-spot the center battery, and locate
the flank batteries by open traverse.
Determine a starting direction as in
(1) ahove.

(3) Map-spot a battalion SCP and locate
the batteries by open traverse. Deter-
mine starting direction as in (1)
above.

b. Comnection Survey.

(1) Establish control by firing,

(2) Use a map for the connection survey.
Transmit direction by simultaneous
observation (weather pelmlttmg) or
by directional traverse.

e. Target Arec Swrvey.
(1) Target areq base.

(e} Map-spot 01 and traverse o locate
02.

(b) Map-spot a target area survey con-
trol point and traverse to locate 01
and 02.

(¢) Map-spot a target area survey con-
trol point and intersect 01 and 02
from an auxiliary bage.

(2) Critical points.

(a) Map-spot all critical points,

(b) Perform intersection from a target
area base.



Section Il.

21. General

a. Survey control is required in the position
area of each firing battery. The bhattery center
is the point surveyed for cannon batteries,
whereas the launcher position is the point sur-
veyed for rockets and missiles. Position area
survey is performed by battalion (separate or
detached battery) survey personnel for the pur-
pose of—

(1) Locating weapons positions and ra-
dars.

(2) Providing means for orienting weap-
" ons and radars.

b. The position area survey for field artillery
cannon and missile units is usually performed
to a minimum prescribed accuracy of fifth-order
(1:1,000); however, when the TOE of the unit

authorizes the aiming circle M2 as the instru-.

ment for survey, the position survey is per-
formed to a minimum prescribed accuracy of
1:500.

22. Terms Used in Conjunction With
Position Area Survey

The following terms are used in conjunction
with position area surveys:

«. Battery center—A point on the ground at
the approximate geometric center of the weap-
ons position. The battery center is the chart lo-
cation of the battery (FM 6-40). The location
of the battery center is designated by the bat-
tery commander or battery executive. The sur-
vey officer may select a tentative battery center
if the battalion (battery) SOP so states.

b. Orienting line—A line of known direction
established near the firing battery, which serves
as a basis for laying for direction (FM 6-40).
(The azimuth of the orienting line (OL) is in-
cluded in the data reported to the fire direction
center.)

e. 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 ori-
enting station is designated by the battery com-
mander or hattery executive. The survey officer
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POSITION AREA SURVEY

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. Direction of fire—A base direction of fire
for all weapons of the firing unit. It may be the
computed azimuth from the bhattery center to
the registration point or a selected azimuth of
fire assigned to the unit by the battalion com-
mander or other authority.

f. Orienting angle—The horizontal, clock-
wise angle from the direction of fire to the ori-
enting line. The orienting angle determined by
survey personnel is computed by subtracting the
azimuth of the desired line of fire from the azi-
muth of the orienting line, adding 6,400 mils to
the azimuth of the orienting line if necessary.

g. Rodar orienting point—A point used to
orient the radar. The radar operating point for
field artillery radar sets is established in a di-
rection as nearly in the center of sector of
search of the radar as possible. The radar offi-
cer furnishes to the survey officer the approxi-
mate azimuth on which the radar orienting
coint should be established.,

23. Method of Performing Position
Area Survey

Any method or combination of methods listed
in paragraph 14 may be used to perform the
position area survey. The method most com-
monly used is traverse, The position area survey
is initiated at a survey control point, the point
that establishes the unit grid, or a station es-
tablished by the connection survey. The survey
is closed on the starting point or on a station
established to an accuracy equal to or greater
than that of the survey being performed.

24. Survey for Weapons Positions

@. In surveying a weapons position, an ori-
enting station, from which all battery weapons
should be visible, is established near the battery
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 makes the orienting line a leg of the
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closed traverse, thus permitting the detection of
an error in the OL should the traverse not
close in azimuth. If a traverse leg cannot be
used as the orienting line, a prominent terrain
object at least 300 meters away should be used
as the end of the OL. The azimuth of this line
1s determined by measuring, at the orienting
station, the angle from the last traverse station
to the selected point. For all night operations,
the orienting line must be prepared for orienta-
tion of the weapons by placing a stake equipped
with a night lighting device on the orienting
line approximately 100 meters from the orient-
ing station. When an intermediate point cannot
he established on the orienting 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 traverse
station over the battery center or by establish-
ing an offset leg (an open traverse leg) from
the orienting station to the battery center.

Section |Il.

26. General

a. Connection survey is that part of the sur-
vey operation performed hy battalion (separate
battery) survey personnel for the purpose of
placing the target area survey and the position
area survey on a common grid.

b. Connection surveys are performed to fifth-
order accuracy.

27. Methods of Performing Connection
Survey

a. A closed traverse normally is used to per-
form the connection survey, although triangula-
tion may be used when the terrain is unsuitable
for traverze. The connection survey is used to
establish a target area survey control point or
one or more of the target area hase observation
pests from which target area base survey opera-
tions are initiated. The connection survey is
usually initiated at a station on the position
area survey. The station may be a Bn SCP or
the point which establishes the battalion grid.
When the connection survey is initiated at a Bn

AGO 10005A
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25. Survey for Radar

One countermortar radar is organic to each
divisional direct support artillery battalion.
The coordinates and height of the radar posi-
tion and a line of known direction are required
to properly orient the system. It may be neces-
sary to determine the same data for the surveil-
lance radar of division artillery should it be
located near the battalion position area.

¢. Data for the radars are determined in the
same manner as data for weapons positions. An
orienting azimuth from the radar positioning
stake to an orienting point must be determined.

b. The height of the radar antenna also must
be computed. Height is determined by measur-
ing the distance from the ground to the para-
hola, to the nearest 0.1 meter, by means of a
steel tape. The distance measured is added to
the computed ground height.

CONNECTION SURVEY

SCP it may close on that SCP or on any other
SCP established to an accuracy of 1:1,000 or
greater on the same grid as the Bn SCP. When
the connection survey is initiated at the point
that establishes the battalion grid (i.e., when
data for the starting point is assumed), it must
close on the starting point. This point does not
become the Bn SCP unless survey control for
the point is established by the next higher eche-
lon of survey.

b. A secondary requirement for connection
survey may include providing control for the
mortars within the supported brigade or for
radars and other target acquisition devices lo-
cated within the area of operation. Control is
extended to these installations as time permits.
The requirements of the artillery battalion
takes priority in these instances.

¢. Since missile units are normally employed
in a general support or reinforcing role, they
normally receive target data from higher head-
quarters or the supported unit. Therefore,
these units do not perform target area or con-
nection survey.
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Section IV. TARGET AREA SURVEY

28. General

Target area survey is that part of the survey
operation performed by battalion (detached
battery) survey personnel for the purpose of
establishing the target area base and locating
critical points and targets in the target area;
i.e., registration point(s) and restitution
points.

29. 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 eritical points in the tar-
get area and/or targets of opportunity and to
conduct center-of-impact and high-burst reg-
istrations. When there are more than two ob-
servation posts, any two of them can be used to
form an intersection base.

b. Azimuth Mark for Target Area Observa-
tion Post. An azimuth mark is a reference point
used to orient the instrument at each observa-
tion post. The azimuth to the azimuth mark
may be determined by using the back-azimuth
of a traverse or intersection leg used to locate
the observation post. The adjacent observation
post (when OP’s are intervisible) may also be
used as an azimuth mark. An auxiliary or in-
termediate orienting point should be estab-
lished for night operations.

30. Selaction of Observation Posts

«. Initially, two or more observation posts
are established at points from which the criti-
cal points in the target area are visible. 1f pos-
sible, the distance hetween any two observation
posts should be sufficient to insure a minimum
angie of intersection of 300 mils at any of the
critical points. These niinimum angles at the
eritical points in the target area are necessary
to insure results that approach the accuracies
prescribed for target area survey. If the obser-
vation posts of the target area base cannot be
located sufficiently far apart to provide a mini-
mum angle or intersection of 300 mils, they
should be located as far apart as possible, In
any case, the distence between observation
nosts that are used as the ends of an intersec-
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tion base must be sufficient to provide a mini-
mum angle of intersection of 150 mils af any
eritical point in the target area. The consistent
accuracy that can be obtained from the loca-
tion 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 seiected to provide this check.
Besides providing the check, the additional ob-
servation posts should provide observation into
the unit’s zone of action, especially into those
areas which are not visible from the observa-
tion posts originally selected.

31. Methods of Performing Target Area Base
Survey

. 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. If the enemy situation is such
that traversing to an OP would disclose 1ts po-
sition, and if the terrain allows, 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 OFP. The
OP’s are located to fifth-order accuracy.

b. In issuing the survey order, the survey of-
ficer designates which of the survey parties is
to perform the target area base survey. The
specific location of each OP may also be desig-
nated or an approximate location may be given
and the specific location left to the discretion of
the chief surveyor or chief of party. The loca-
tion of a target area survey control point is
given. If one OP is located as part of the con-
nection survey, it may be designated as the tar-
get area survey control peint.

¢. The observation posts are designated 01,
02, etec. 01 is considered the control OP and is
plotted on the firing chart. 01 may be on the
right or left. 01 is always that OP requiring
the least amount of fieldwork to establish its lo-
cation since less directional accuracy is lost
through angular measurements when the num-
ber of main scheme angles is held to a mini-
mum. Examples of target area base surveys
are shown in figure 1.
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(TASCP)

BASE DOUBLE TAPED
{1/3000)

{TASCP)

Figure 1.

32. Method of Performing Target Area
Survey

a. Intersection must be used to perform the
tarpet area survey. The length of each intersec-
tion base of the target area base is obtained by
computation from the coordinates of the two
observation posts that establish 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 observation of the enemy.) 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, using the coordi-
nates of the ends of the base.
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COMPUTED AZIMUTH AND DISTANCE
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—
——

T —
CONNECTION SURVEY =

Target area base survey.

b. If the observation posts are intervisible,
the interior horizontal angles are measured
(1, fig. 2). If the observation posts are not in-
tervisible, the angles at the ends of the base
must be determined by comparing the azimuth
of the base with the azimuth from each obser-
vation post to the point being located (2, fig.
2). The azimuth of the line from each observa-
tion post to the critical point is determined by
measuring the horizontal angle, at the obger-
vation post, from the established 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 spe-
cial technique of pointing. Pointings are made
by placing the vertical line in the reticle on the
left edge of the object in measuring the first
value of the angle and by placing the vertical
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Figure 2. Target arca survey.

line in the reticle on the right edge of the ob-
ject in measuring the second value of the angle,
accumulating these angles on the aiming circle.
The angles are meaned. The mean angle ob-
tained with this method must be verified by de-
termining at least one more mean angle by
using the same technique. The accumulated
value of the first set (one pointing to each edge
of the object) should agree with the accumu-
lated value of the second set within 1 mil. The
means of both sets are then meaned to provide
an angle to the point to the nearest 0.1 mil.

¢. Vertical angles are measured to the lowest
visible point on the object.

d. The distance from either end of the inter-
section base to each critical point is eomputed
by using the base length determined in a
above and the angles determined by direct
measurement (1, fig. 2) or by comparison of
azimuths (2, fig. 2). The coordinates and height
of each point are determined in the same man-
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ner in which they are determined by triangula-
tion (chap 9).

¢. The party performing the target area
survey furnishes the location of the registra-
tion point(s) to the party performing the posi-
tion area survey for computation of the ori-
enting angle(s).

f. The locations of critical points determined
from the target area base should be checked by
establishing a second interseetion bage, A sec-
ond intersection base can be established by
using a third observation post and either of the
two initial observation posts.

33. Center-of-Impact and High-Burst
Registrations

In either a center-of-impact (CI) or high-
burst (HB) registration, a group of rounds is
fired in order to determine corrections to firing
data. The loecation of the center of the group of
rounds must be determined and then plotted on
the firing chart. One method ecommonly used to
determine the location of the burst center is by
a computed intersection from the 01-02 target
area base. This method requires that the bursts
be observed by both 01 and 02; therefore, pri-
mary consideration must be given to the top-
ography of the impact area and the location of
each observation post. For a high-burst regis-
tration, which is conducted with time fuze to
obtain airbursts, these considerationg are nor-
mally of lesser importance than for a center-of-
impact registration. For a center-of-impact
registration, for which impact fuze is em-
ployed, the burst area should be free of trees,
buildings, sharp ravines, ete. A gentle forward
slope, free of all vegetation, or the center of a
lake is ideal. When a center-of-impact or high-
burst registration is conducted, the location of
each observer and the desired peint of burst
are known at the fire direction center. The fire
direction center determines and furnishes to
each observer the azimuth and vertical angle to
the expected point of burst. The message to the
observers from the fire direction center in-
cludes instructions to the observer at 01 to
measure the vertical angle to each burst. A
typical message to the observers from the fire
direction center is as follows: “Observe high
burst (or center of tmpact). 01 azimuth 1049,
vertical angle + 15, measure the vertical angle.
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02 azimuth 768, vertical angle + 12. Report
when ready to observe.” Each observer orients
his instrument on the azimuth and vertical
angle given for his OP and reports to the FDC
when ready to observe. One round at a time is
fired, and “On the way” is given to the ob-
servers for each round. The first round fired is
normally an orienting round, and each ohserver
orients the center of the reticle of his instru-
ment on the burst and records the scale read-
ings of his instrument corresponding to the
new position of the telescope. After the ob-
server orients his instrument on the orienting
round, he normally should not have to change
the orientation during the rest of the registra-
tion. One round at a time is fired until six
usable rounds have been obtained (excluding
erratic rounds and rounds observed by only
one observer)., After the instrument has been
oriented on the orienting round, the deviation
observed for each burst is combined with the
reference reading on the instrument scales to
derive the azimuth to the burst. The same
general procedure is used to measure the verti-
cal angle. Both observers report azimuth read-
ings to the fire direction center after each
round, but only the ohserver at (1 reports the
vertical angle. At the fire direction center, the
instrument readings from 01 and 02 for the
six wusable rounds are used to determine the
mean point of burst for the registration,
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34. Computation of Center of Impact and
High Burst

The target area base may be used as a tool in
performing a center-of-impact or high-burst
registration. Normally the computations asso-
ciated with the instrument readings to deter-
mine the location of the center of impact or
high burst are performed by the fire direction
personnel, A knowledge of the manner in which
these computations are performed is of value
to the survey personnel operating the target
area base. The computations are normally
made on DA Form 6-55,

Example:

Given!: Coordinates of 01: (561599.8-3839123.3)
Azimuth 01 to 02: 3,960 milg
Distance 01 to 02: 843 meters
Height 01: 453 meters

Instrument readings of usable rounds

Azimuth 01 Vertical %  Azimuth 02
Round {mils) 01 (mils) (mile)
1 5,710 + 24 5,359
2 5,710 +28 5,950
"8 5,708 129 5,953
4 5,705 + 25 5,951
5 5,715 +23 5,952
6 5,713 +26 5,955

Requirement: Solve for the azimuth and distance from
01 to the center of the high burst and the height of
the high burst, using DA Form 6-55 (fig. 3).
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HIGH BURST (CENTER OF IMPACT) REGISTRATION
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Figure 3. High burst registration computation (DA Form 6-55 ).
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CHAPTER 3
HIGHER ECHELON SURVEYS

Section |.

35. General

a. Survey cperations are performed by sur-
vey personnel of division artillery headquar-
ters 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. Specifi-
cations and techniques for fourth-order survey
are given in appendix II.

36. Division Artillery Survey Officer

«. 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
matters pertaining to survey. He coordinates
the survey operations of the field artillery bat-
talions (separate batteries) within the division.

b. The division artillery survey officer should
maintain close liaison with the corps artillery
survey officer to obtain data for survey control
points which have been established in the divi-
sion area by the target acqnistion battalion.
The use of these points can save time and can
eliminate unnecessary duplication of survey
operations. He can also obtain data for points
established in the vicinity of the target area;
the data for these points can be-used by the
battalion survey parties in performing target
area surveys.

37. Division Artillery Survey Information
Center

a. A file of survey information and a sutvey
information map are maintained in a survey
information center (SIC) at the division artil-
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lery headquarters. The survey information cen-
ter is normally located in the operation center
at the division artillery command post.

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 survey information file consists of the trig
lists prepared and issued by the Corps of En-
gineers, the trig lists prepared by the field
artillery target acquisition battalion, and data
for -each contreol peint established by division
artillery survey operations. The data for each
control point established by division artillery
are recorded on DA Form 6-5 (Record-—Sur-
vey Control Point) (figs. 4 and 5).

38. Division Artillery Survey Control

@. Divigion 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 the corps grid are
available. Control points on the corps grid are
normally available in the form of trig points
and survey contrel points for which data are
known with respect to the universal transverse
mercator (UTM) grid or universal polar stereo-
graphic (UPS) grid for the area of operations.

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 it. This point
establishes the division grid which is used as
the basis for division artillery survey opera-
tions. When the assumed data for the point
differ from the data subsequently established
by the field artillery target acquisition battal-
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ion of corps artillery, the division artillery
data are converted to the corps grid (ch. 15).
Although during the initial stages of an opera-
tion, it is not necessary for division artillery
to convert assumed azimuth to the corps azi-
muth if it differs by 0.3 mil (1 minute) or less,
it should be converted as soon as practicable, In
any case, coordinates and height should be con-
verted to the corps grid.

39. Division Artillery Survey Operations

a. Division artillery survey operations should
provide the best possible data at the earliest
practicable time. Any of the artiliery survey
methods may be used fo perform the surveys.
In areas where survey control points are not
available in the vicinity of the battalions, com-
mon direction can be provided by astronomic
or gyroscopic observations or obtained by
simultaneous observations.

b. In addition to providing survey control
points for battalions and/or batteries, the
division artillery survey officer may designate

Section |l.

40. General

a. Corps artillery survey operations are per-
formed by the field artillery target acquisition
battalion (FATAB) assigned to each corps ar-
tiliery. The battalion commander of the fieid
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. Provisions exist for the attachment of
officers of the U. 8. Coast and Geodetic Sur-
vey to the FATAB in time of war. These
officers will fill positions as directed.

¢. Survey operations are performed by sur-
vey personnel of the field artillery target acqui-
sition battalion for the purpose 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 the
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points for which battalion survey parties should
determine survey data in order to check the
accuracy of the surveys being performed by
the bhattalions.

¢. Normally, division artillery survey opera-
tions are performed by the division artillery
survey section. When the time available to per-
form division artillery survey is limited, the
division artillery commander may direct bat-
talions of the artillery with the division to as-
sist in performing the surveys necessary to
establish the division artillery grid after they
have completed their battalion survey opera-
tions, When this is necessary, the division ar-
tillery survey section should, at the first
opportunity, conduet another survey of those
installations surveyed by the battalions.

d. When a target acquisition battery is at-
tached to a division artillery, the survey parties
of the battery may perform part of the divigion
artillery survey operations. The division artil-
lery survey officer, in conjunction with the tar-
get acquisition battery commander, plans and
supervises the coordinated survey operations.

CORPS ARTILLERY SURVEY

FATAB survey operations are the collection,
evaluation, and dissemination of survey infor-
mation for all surveys executed in the cerps
area to a prescribed accuracy of fourth-order
or greater. Surveys performed by the target
acquisition battalion are executed to a pre-
scribed accuracy of fourth-order.

41. Survey Information Center

. A survey information center is established
at corps artillery and maintained by the sur-
vey personnel of headquarters battery of the
target acquisition battalion. It is usually lo-
cated in the vicinity of the corps artillery fire
direction center. The SIC is an agency for col-
lecting, evaluating, and disseminating survey
data. The dissemination is accomplished by
preparing and distributing trig lists and by
furnishing survey information to personnel of
other units upon request. Unless the battalion
commander directs otherwise, all survey infor-
mation is disseminated in writing only through
the survey information center,
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b. Files of all fourth-order or higher survey
control existing in the corps area and files of
tie-in points established in adjacent corps areas
by the target acquisition battalions or division
artilleries are maintained in the survey infor-
mation 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 hat-
talion survey parties and by the parties of the
division artilleries 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. 4 and 5).

¢. An operations map is maintained in the
survey information center. The operations map
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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 target acquisition battalion
and division artilleries with the corps. The
overlays also show the tactical situation, the
location of each installation of the target acqui-
siticn battalion, present and proposed artillery
positions, and proposed survey plans.

d. Time accurate to 0.2 second is maintained
for the use of FATAB survey parties and sub-
ordinate units when making astronomic ob-
servations.

¢. In addition to performing the functions
discussed in @ through d above, survey infor-
mation center personnel assist in the survey
operations of the target acquisition battalion by
computing and checking data. Computations
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and checks performed by the survey informa-
tion center personnel include the following:
(1) Checks of field records and computa-
tions of field parties.

(2) Adjustment of traverses.

(3) Conversion of survey data to the corps
grid when survey operations have been
performed with assumed data.

(4) Transformation of coordinates and
grid azimuths.

(5) Conversion of coordinates (geographic
to grid and/or grid to geographic).

42. Field Arfillery Target Acquisition
Battalion Survey Personnel

. The field artillery target acquisition battal-
ion commander is the corps artillery survey
officer. Under the direction of the corps artil-
lery commander and assisted by the battalion
survey officer, the corps artillery survey offi-
cer—
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(1) Plans the corps artillery survey.

(2) Coordinates the survey of the target
acquisition battalion with all other
artillery units in the corps area.

(3) Maintains liaison with, and obtains
control data from, the topographic
engineer unit operating with the
corps.

(4) Establishes the survey information
center at corps artillery.

b. The battalion survey officer is assigned to
the battalion staff. The battalion survey offi-
cer 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 survey
officer, the survey platoon commander in head-
quarters battery, performs duties as directed
by the battalion survey officer.
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e. A warrant officer, assigned to headquar-
ters battery, supervises the operations of the
survey. information center.

d. A survey platoon is assigned to each bat-
tery of the target acquisition battalion. The
platoon commander is the survey officer of the
battery. He plans and supervises the survey
operations of the survey platoon and advises
the battery comniander on matters pertaining
to survey,

43. Coordination and Supervision of
Battalion Surveys by the Battalion
Survey Officer

The target acquisition battalion survey offi-
cer normally is authorized by the battalion
commander to issue instructions on matters
concerning survey operations directly to the
batteries. The relations between the battalicn
survey officer and the battery survey officers
in issuing and receiving instructions are simi-
lar to the relations between the battalion fire
direction officer in a howitzer or gun battalion
and the battery executive officers. The battery
survey oflicers 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 operatinng and the progress
of the survey operations.

44. 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
the initial phase consist of those surveys neces-
sary to establish a survey control peoint for each
division artillery and each corps artillery bat-
talion (and other points as directed by the bat-
talion commander) and those necessary to es-
tablish survey control for the installations
organic to the target acquisition battalion that
require survey control.

e. The survey operations conducted during
the expansion phase consist of the surveys
necessary to place survey control peints within
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1,500 to 2,000 meters of any possible artillery
position in the corps area.

d. The battalion survey officer designates to
each platocon commander the areas requiring
survey control points, These survey control
points are established for later extension of
control and for checking surveys.

¢, Survey operations of the target acquisition
battalion are continuous. The amount of survey
performed by the target acquisition battalion
in any area of operations depends on the length
of time that the corps remains in the area. In
rapidly moving situations, the target acquisi-
tion battalion may be able to complete only the
initial phase of survey operations. If the corps
remains in one area for an extended period of
time, the target acquisition battalion conducts
extensive survey operations. ;

45, Use of Assumed Data

When possible, survey platoons initiate their
survey operations at survey control points {or
trig points). If no survey control points exist
in the area, the battalion survey officer desig-
nates a point and furnishes assumed data for
that point. The assumed data should approxi-
mate the correct grid data as closely as pos-
sible. The surveys of all of the platoonsg are
then tied to this peint, thus establishing a
common grid and azimuth. Assumed data are
converted to known data as soon as practicable,

46. Azimuths

Azimuths at all points of the battalion survey
should be correct grid azimuths. Correct grid
azimuth can normally be established by astro-
nomic observation or by use of the azimuth
gyro. When two intervisible survey control
points (based on correct grid data) or trig
points exist, correct grid azimuth can be ob-
tained 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,

47. Survey Control Points

Survey parties of the battalion establish sur-
vey control peints approximately every 1,600
to 2,000 meters along the routes of their sur-
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veys. A station is established for each division
artillery, for each corps artillery battalion, and
for each point from which target acquisition
battery installations are located. A station is
also established at each point designated for
later extension of control and for checking sur-
veys. Each of these survey control points is
marked by a hub and a reference stake (fig.
45). An azimuth for each survey control point
is established either to an azimuth marker or
to an adjacent survey control peint. A descrip-
tion of each survey control point is prepared
on DA Form 6-5 and forwarded to the survey
information center for filing.

48. Planning Battery Survey Operations

The points for which survey control must be
established by the survey platoon of each bat-
tery of the target acquisition battalion fall into
two general categories—those for installations
of the target acquisition battalion and those
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for installations of other units. The commander
of the 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 sur-
vey control for the installations of othér units.
If priorities have been established by the bat-
talion survey officer, the platoon commander
must incorporate them in his survey plan.

49. Target Acquisition Survey Platoon
Operations During the Initial Phase

a. The survey operations performed by a tar-
get acquisition survey platoon during the initial
phase are those necessary to locate the target
acquisition 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.
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Figure 6. Target acquisition platoon survey during the initiel phasé.
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Figure 7. Target acquisition baitalion survey operations during the initial phase.
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b. All or part of the survey platoon opera-
tions are frequently started with assumed co-
ordinates and height. For example, if survey
control points do not exist in the vicinity of the
selected sound base microphones, the sound
base survey (and the establishment of any sur-
vey control points along the line of the sound
base) is frequently performed by two parties
starting at a point near the center of the sound
base with assumed data, while a third party
extends survey control to the starting point.

¢. Figure 6 shows an example of the survey
operations conducted by a survey platoon dur-
ing the initial phase. Figure 7 shows an ex-
ample of the survey operations conducted by a
target acquisition battalion during the initial

AGO 10005A

phase. The critical traverse stations shown in
black are those at which a traverse is initiated
or closed.

d. The initial phase operations include those
actions necessary to close all traverses, to check
all intersected and resected points, to establish
a declination station in the division area, and
to determine the locations of survey control
points that were established by the target ac-
quisition battery survey platoons operating in
the adjacent division areas. The initial phase
of the battalion survey operations is considered
complete when these operations have been per-
formed by the survey platoons of each of the
target acquisition batteries.
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rgure 8. Tuarget acquisition battalion survey operations during
the expansion phase.

50. Survey Operations During the Expansion
Phase

a. Survey operations of the target acquisition
battalion during the expansion phase consist of
establishing, usually by triangulation or DME
traverse, a basic net throughout the corps area.
From stations of the basic net, control is
extended to provide survev contrel through-
out the corps area. The ultimate goal is a sur-
vey control point within 1,500 to 2.000 meters
of every possible artillery position. This goal
is accomplished 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-
complish the required survey operations. The
survey platoon of each battery should be as-
signed tasks in areas ag near as possible to its
battery area to facilitate operations.
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¢. Figure 8 shows an example of the survey
operations of a target acquisition battalion
during the expansion phase.

51. Extension of Survey Contro! 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 ac-
quisition battalion may be required to extend
the control, This normally is accomplished by
the use of DME traverse schemes. This exten-
sion of control may be initiated either during
the initial phase or during the expansion phase,
depending on the situation. When it is initiated
during the initial phase, it is usually accom-
plished by the headgquarters battery survey
platoon. The battery survey platoons may be
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required to furnish one or more survey parties
to assist in these operations.

52. Survey Control for Sound Ranging
Microphones

@. The operations necessary to establish sur-
vey control for sound ranging microphones de-
pend on the type of sound base selected by the
gound ranging personnel. When the micro-
phones are employed in an irregular base, the
microphone positions are marked, either with a
stake or with a microphone, by sound ranging
personnel. The location of each irregular-base
microphone is determined in the manner used
to locate any other survey station. When the
microphones are employed in a regular base,
the coordinates of each microphone are prede-
termined on DA Form 6-2, using the distance
between microphones and the azimuth of the
base, as furnished by sound ranging perscennel
(FM 6-122). Then, points are established on
the ground at the location of the computed co-
ordinates by following the procedure in (1)
through (6) below,

(1) A traverse is performed roughly
parallel te the line of the sound base,
following the best traverse route. A
traverse station is established at a
peint from which the microphone
position is visible. A traverse station
18 established for each microphone.

(2) The azimuth and distance from the
traverse station to the microphone
pogition are computed on DA Form
6-1 by using the coordinates of the
traverse station and the predeter-
mined coordinates of the microphone.
The microphones must be located rela-
tive to each other within a tolerance
of 0.5 meter,

(3) The direction of the microphone 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
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
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(4)

(5)

(6)
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the sum of the initial circle setting
(the horizontal circle reading when
the ingtrument is pointed at the
rear traverse station) and the com-
puted horizontal angle. As an ex-
ample, assume that the initial circle
setting is 0000.151 mil and that the
computed horizontal angle is 3,089,422
mils. The value that must be set on
the horizontal circle is 3,089.573 mils
(0000151 mil + 3,089.422 mils),

A rodman, guided by the instrument
operator sighting through the tele-
scope of his instrument, emplaces a
range pole on the line of sight at a
distance approximately equal to the
computed distance to the microphone
position. The rodman paces the com-
puted distance to the microphone posi-
tion; this serves as a check for large
errors in taping ((5) below).

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
measurement. If it is necessary to
break tape, the normal pin procedure
should be followed (para 87). When
the front tapeman has placed his last
pin in the ground, he should pull the
tape forward a partial tape length
until the rear tapeman can hold the
proper graduation over the last tap-
ing pin (para 89). The front tapeman
should then place the hub in the
ground, at the point directly under
the zerc graduation on the tape. The
tapemen should then check their
work by taping the distance from the
hub back to the traverse station.

As an example of the method of es-
tablishing the distance from the
traverse station to the microphone
position, assume this distance to be
130.67 meters, This distance consists
of four full tape lengths and a partial
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tape length of 10.67 meters. The front
tapeman gives seven taping pins to
the rear tapeman and retains four
pins before starting the distance
measurement. When the front tape-
man 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 tap-
ing pin. The front tapeman then
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
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establigsh the microphone position and compar-
ing the measured direction with the computed
direction with the computed 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 peint become available. No change
n the ground location of the microphones s
required.

53. Survey Control for Flash Ranging
Observation Posts

Flash ranging cobservation posts are located
in the same manner as cbservation posts for
field artillery battalions,
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CHAPTER 4

OTHER ARTILLERY UNIT SURVEYS

Section I.
54. Field Artillery Group

@. The field artillery group headquarters bat-
tery has no capability for performing survey
operationg. The battalions of the group are nor-
mally furnished survey control by the artillery
headquarters with which the group is working.
When survey has not been furnished by such
headquarters, the group commander may desig-
nate one battaiion to establish a group survey
control point. When heavy battalions of a group
are required to perform target area surveys,
the group commander usually designates one
battalion to perform the target area surveys
for the entire group.

b. The group assistant intelligence officer
(assistant S2) is also the group survey officer.
During training, the group survey officer su-
pervises the training of the survey personnel
of the battalions of the group. The group sur-
vey officer coordinates the survey operations of
the battalions of the group. He verifies that
survey control peints are provided by the next
higher survey echelon. He verifies, by frequent
inspections, that the survey sections of the
group battalions perform survey operations
properly. Two enlisted survey specialists are
assigned to group headquarters battery for the
purpese of assisting the group survey officer
in carrying out his responsibilities.

55. Field Artillery Battalion Group

In addition to normal survey responsibilities,
the commander of a battalion group has survey
responsibilities similar to those of a group com-

Section II.

57. General

¢. Four major factors determine the type
and the extent of survey éperations which must
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mander, If survey control has not been fur-
nished 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
battalion group survey control point.

56. Field Artillery Missile Command,
Air Transportable

@. The survey requirement of the missile
command, air trangportable, consists of the lo-
cation and orientation of the weapons and tar-
get locating installations of the command. The
firing element of the missile command 1s one
Honest John (Little John) battalion. The sur-
vey officer of the Honest John (Little John})
battalion serves as the survey officer for the
missile command, There are no survey person-
nel authorized in the headguarters company,
missile command, air transportable,

b. The missile command, air transportable,
receives engineer survey support from the top-
ographic engineer survey section of the organic
engineer combat company. The engineer sur-
vey personnel establish survey control points as
required by the Honest John (Little John) bat-
talion.

¢. The Honest John (Little John) battalion
Is authorized two 8-man survey parties to ex-
tend control to each of the four launchers. The
survey parties locate the launchers to fifth-
order accuracy and provide direction for ori-
entation of the launchers and wind measuring
sets (windsets).

AIR DEFENSE ARTILLERY SURVEYS

be performed by or in support of air defense
artillery (ADA units). These factors are the—

(1) Type of mission assigned to the unit.
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(2) Availability of maps.
(8) Restrictions placed on air defense fire.
(4) Fire distribution system being used.

b. When air defense artillery units are as-
signed air defense missions, they must be capa-
ble of transmitting, from one unit to another,
information concerning the location of aircraft.
To transmit this information, the units must he
located with respect to a common grid. When
suitable maps are available, units can be lo-
cated 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 respect to a common grid
by extending control to each unit from control
points located on the grid.

¢. When air defense artillery units are as-
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.
Units must be located on the grid by extending
control to each fire unit from control points lo-
cated on the grid.

d. When air defense artillery units are as-
signed field artillery type missions, their survey
requirements are the same as those for field ar-
tillery units.

e. Air defense artillery battalions normally
do not have the capability of performing sur-
vey. 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
necessary survey operations, When employed in
a corps area, coordination for extending survey
control to air defense artillery units should be
made through the corps artillery survey officer.

58. Surveys for Air Defense Artillery
Automatic Weapons Battalions Not
Equipped With Electronic Fire Control

a. Unless there are restricted areas, survey
control is not required for air defense artillery
automatic weapons (ADA AW) battalions not
equipped with electronic fire.control systems.
However, the relative locations of weapons aud
early warning observation posts must be
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known so that an early warning system can be
established. When suitable maps are available,
the relative locations of the weapons and obser-
vations posts are determined by map inspec-
tion. When suitable maps are not available, the
relative 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 weap-
on and to provide an orienting line for each
weapon, Control is extended to each weapon
from survey control points established within
1,000 meters of the position. Extension of con-
trol to the weapons must be performed to a pre-
scribed accuracy of 1:500.

¢. When ADA AW battalions are required to
accomplish the surveys discussed in b above,
the necessary survey support must be made
available from the sources outside the bat-
talion.

59. Acquisition Radars

a. The location of each air defense artillery
acquisition radar position must be established
on the UTM (or UPS) grid for the zone. When
suitable maps are available, the position can be
located by scaling from a map, and direction
can be determined with a declinated aiming
circle.

b. When suitable maps are not available, the
horizontal and vertical locations of each acqui-
sition radar are determined and a line of
known direction established by extending con-
trol from a control point on the UTM (or UPS)
grid for the zone by survey operations executed
to fifth-order accuracy.

60. Air Defense Artillery Battalions

. Nike-Hercules. The location of each target
tracking radar of air defense artiliery bat-
talions, Nike-Hercules, must be established on
the UTM (or UPS) grid for the zone. The
altitude above mean sea level and a line of
known direction for each target tracking radar
must also be established. L.ocation and ‘altitude
above mean sea level must be established to an
accuracy of artillery fifth-order survey, and the
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line of direction to plus or minus one minute
of arc (0.3 mil). Survey operations may be
performed by engineer or artillery units
possessing the necessary capability. Temporary
survey control may be established by scaling
from a map, when suitable maps are available,
and by using a declinated aiming circle, How-
ever, the accuracy thus obtained is adequate
only for the surface-to-air mission and is ae-
ceptable only as a matter of expediency, Exten-
sion of survey from the target tracking radars
to other battery radars and te the launching
sections is performed by battery personnel
using organic equipment. The accuracy re-
quired for this survey extension to other bat-
tery radars is preseribed in equipment
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technical manuals; the accuracy required to
launching sections is 1:500.

b.Hawk. Directional control for Hawk bat-
talions may be established by scaling from a
map, when suitable maps are available, and
by using a declinated aiming circle.

61. Air Defense Artillery Fire Distribution
Systems

The location of each fire distribution system
must be established on the UTM (or UPS) grid
for the zone. Survey operations may be per-
formed by engineer or artillery units possess-
ing the necessary capability. An accuracy of
artillery fifth-order survey is required.
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CHAPTER 5

SURVEY PLANNING

Section |.

62. Survey Missions

a@. The general mission of artillery survey
personnel is to provide accurate and timeiy sur-
vey information and control to artillery units
and installations. Successful accomplishment of
this mission requires careful preparation 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 con-
tained in orders and instructions issued by the
organization commander. These orders and in-
structions are contained in the unit SOP, opera-
tions orders, and training directives.

c. After the commander has issued orders
and/or instructions which require the execu-
tion of survey operations, the survey officer
must plan the operations and issue necessary
instructions to survey personnel to execute the
assigned mission.

63. Factors Affecting Survey Planning

The artillery survey officer must 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 is re-
lated to the others.

a. Tactical Situation. The survey planner
must consider both the enemy and friendly
situations as they affect survey operations. He
must consider the enemy’s capability to inter-
fere with or restrict survey operations. He
must consider the locations of friendly ele-
ments and their missions. He must consider
any restrictions that the situation places on
travel and/or communication.
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b. Mission. The overall mission of the unit
as well as the survey mission will affect sur-
vey planning. The survey officer, in his plan-
ning, must be aware of the general situation
as well as the details.

c. Installations That Require Survey Con-
trol. The number and locations of installations
that receive survey control will be determined
by the time and personnel available. The sur-
vey operations necessary to locate a small
number of widely scattered installations will
often require more time and/or personnel than
would be required for a large number of
closely grouped installations. In the survey
plan, tasks should be allocated so that the
various parties executing the survey will com-
plete their tasks at approximately the same
time. This might require, for example, the use
of two parties to establish control for one in-
stallation Ilocated at a considerable distance
from the starting point while one party estab-
lishes control for three installations Iocated
relatively close to the starting point.

d. Amount of Survey Control Awatlable.
More extensive survey operations are required
in areas where limited survey control exists
than are required in areas where survey con-
trol is dense.

e. Number and Status of Training of Per-
sonnel. Sufficient trained personnel must be
available to perform the required survey in the
allotted time, The survey plan must be based
on the use of methods which are completely
familiar to all personnel.

f. Time, The time allotted for survey will in-
fluence not only the choice of methods to be
uged but also the amount and type of control
which can be extended.
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g. Terrain. The survey officer should be so
familiar with the effects of various types of
terrain on survey operations that he can
promptly and properly assess the time and per-
sonnel required for a particular operation,

h. Weather, Bad weather may eliminate or
greatly reduce the capability of survey parties.
Fog, rain, snow, or dust can reduce visibility
to the extent that observations through an in-
strument are impossible. Heavy rain or snow
can make fieldwork impossible. Extreme heat
or cold can reduce the efficiency of a party to
the extent that the time necessary to finish a
phase must be considerably increased. Trilat-
eration can often be conducted when weather
conditions prevent the use of other methods
of survey.

t. Avatlability of Special Survey Equipment.
Consideration must be given to the availability
and operational readiness of such special equip-
ment as the Tellurometer, the DME, and the
azimuth gyro. The presence or lack of such
equipment can greatly affect the time and work
required for a survey operation. In addition,
the proper use of special techniques, such as
simultaneous observation, can materially af-
fect the accomplishment of the survey mission.

J. Priority. Priorities established by the

Section I,

65. General

The steps in survey planning are gathering
information, making a map reconnaissance and
a ground reconnaissance, and formulating a
survey plan. These steps are discussed in para-
graphs 66 through 69,

66. Gathering Information

The survey officer must gather all possible
informationn which might influence his plan.
The factors affecting survey planning outlined
in paragraph 64 will indicate what informa-
tion is needed, The information can be obtained
from the commander’s briefing, from members
of the staff, from other survey sources, from
personal cobservation and from his own knowl-
edge of, and experience with, his men and
equipment.
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commander or indicated by the tactical situa-
tion must be considered in developing the sur-
vey plan.

64. Essentials of a Good Survey Plan

In formulating the survey plan, the survey
officer should remember and strive to meet cer-
tain egsentials. The survey plan must—

«. Be Simple. The plan must be understood
by all personnel.

b. Be Timely. The plan must be capable of
execution in the time allotted.

¢. Be Flexible. The plan must be capable of
being changed if the situation warrants a
change.

d. Be Adaptable. The plan must be adaptable
to the terrain, situation, personnel available,
ete.

e. Provide for Checks. Whenever possible,
the plan must provide for checks; i.e., closed
surveys, alternate bases, and checks made by
each member of the party.

f. Provide Required Control. The plan must
provide survey control with the required accu-
racy to all installations which require survey,

STEPS IN SURVEY PLANNING

67. 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 evaluates the factors af-
fecting the survey plan and—

a. Makes a tentative choice of survey meth-
ods, based on the terrain shown on the map.

b. Determines whether the survey mission
can be accomplished in the allotted time with
the personnel available. If the mission cannot
be accomplished in the allotted time, he makes
appropriate recommendations to his comman-
der. For example, he can recommend that addi-
tional survey personnel be made available, that
the time allotted for survey be increased, and/
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or that certain installations be given a low pri-
ority.

¢. Makes a tentative survey plan, noting the
critical areas which will require detailed
ground reconnaissance.

d. Issues the necessary warning order to the
survey personnel.

68. Ground Reconaissance

The survey officer makes as complete a re-
connaissance of the ground as time permits. He
makes a detailed reconnaissance of those eriti-
cal areas noted during the map reconnaissance.

Section 1ll.

70. General

The survey plan becomes a survey order
when specific instructions are given to each
survey party. The survey order contains those
instructions which are not covered by the
standing operating procedure and which are
not general information but are necessary for
the efficient accomplishment of the survey mis-
sion.

71. Sequence in Which Survey Order Is
Issued

The survey order may be issued by radio,
wire, or both. The survey order is issued in the

five-paragraph sequence of an operation order,
as follows:

1. SITUATION (as it affects the survey
operations)
¢. Enemy forces.
b. Friendly forces.
¢. Attachments and detachments.
2. MISSION (survey)
3. EXECUTION
¢. Concept of survey operations.
b. Detailed instructions to each party.
e. Instructiong for more than one party.
4. ADMINISTRATION AND LOGISTICS

5. COMMAND AND SIGNAL (location of
survey officer)
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§'ggera} ground reconnaissance can be per-
formed by motor vehicle, aircraft, or other
means, but a detailed ground reconnaissance
should be performed on foot if time permits. If
no suitable map or map substitute is available,
the survey officer must take the action indi-
cated in paragraph 67 after performing the
general ground reconnaissance but before per-
forming a detailed ground reconnaissance.

69. Formulation of the Survey Plan

On completion of the ground reconnaissance
and after considering all of the factors and in-
formation at his disposal, the survey officer
modifies his tentative plan.

THE SURVEY ORDER

72. Changes to the Survey Order

The survey officer closely supervises the
work of the survey parties to insure that the
order is properly executed and to detect any
situation that may necessitate changes in the
survey plan. If it becomes necessary to change
the plan of survey, he issues appropriate in-
structions to the party chief(s) concerned.

73. Execution of the Survey Order

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
party is contained in the instruections issued by
the survey officer, The survey plan prepared
and issued by the chief of party contains those
items from the survey officer’s order which his
personnel must know to accomplish the survey
mission and any additional instruections which
may be necessary. The chief of party superviges
the operations of his party and issues addi-
tional instructions as necessary throughout the
conduct of the survey. Whenever it becomes im-
practicable to comply with the instructions re-
ceived from the survey officer, the chief of
party reports thisz fact to the survey officer or
chief surveyor if either is immediately avail-
able. If neither is immediately available, the
chief of party changes his survey plan as neces-
sary to accomplish that portion of the unit’s
survey mission for which he is responsible. As
the first opportunity, he reports the action
which he has taken to the survey officer.
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Section IV. STANDING OPERATING PROCEDURE

74. General

a. A standing operating procedure (SOP) is
a set of instructions setting forth the proce-
dures to be followed for those phases of opera-
tion which the commander desires to make
routine. The SOP sets down the regular proce-
dures that are to be followed in the absence of
specific instructions.

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
his command. Survey items which the comman-
der desires to make standard only for the sur-
vey unit or section of his headguarters should
be contained in the SOP for that particular unit
or section.

75. Purposes of Survey Section SOP

The purposes of the survey section SOP are
to—

a. Simplify the Transmission of the Survey
Ovrder. Instructions included in an SOP need
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not be restated in the survey order. For exam-
ple, if the battalion SOP prescribes the size of
distance angles for triangulation, this informa-
tion need not be included in the survey order.
However, inclusion of this information in the
SOP would not preclude the survey officer from
restating it in the survey order for emphasis.

b. Stmplify and Perfect the Training of Sur-
vey Personnel, Establishment of standard pro-
cedures for survey operations in a unit insures
uniform training and minimizes the need for
special instruction.

¢. Promote Understanding and Teamwork.
In those units which have more than one survey
party, the establishment of standard proce-
dures insures uniform performance of survey
operations and minimizes the time and effort
required for coordination.

d. Facilitate and Ezxpedite Survey Opera-
tions and To Minimize Confusion and Errors.
When personnel become familiar with, and em-
ploy, standard signals, techniques, and proce-
dures, they will accomplish their tasks in a
minimum amount of time. Furthermore, the
use of standard procedures reduces confusion
and eliminates many errors, which, in turn,
speeds up survey operations.
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PART TWO
POSITION DETERMINATION
CHAPTER 6
DISTANCE DETERMINATION

Section 1.
76. 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), 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 pin
and plumb bob holder, 1 clamping handle, 1 set
of 11 taping pins, 1 hand level, 1 tension han-
dle, 2 leather thongs, 2 notebooks, and 2 pen-
cils (fig. 9),

77. Care of Steel Tapes

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

b. When a steel tape is being used, it should
be completely removed from its reel and kept
straight to prevent its being kinked or broken.
The tape should never be pulled around an ob-
ject that will canse a sharp turn in the tape.
Care should be taken to avoid jerking or step-
ping on the tape or allowing vehicles to run
over it. A loop in the tape may cause the tape
to kink or break when tension is applied. Be-
fore applying tension, the tapemen should in-
sure that there are no loops in the tape.

¢. The tape should be wiped clean and dry
and oiled lightly after each use. The tape is
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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, the tapeman should insert
the end of the tape with the 30-meter gradua-
tions into the reel and wind the tape so that the
numbers are facing the axle of the reel.

78. Repair of Broken Tape

. A broken tape can be repaired by fitting a
sheet metal sleeve, coated on the inside with
solder and flux, over the broken ends of the
tape. The sleeve is hammered down tightly, and
heat is applied to the sleeve to cause the solder
to securely bind the broken ends of the tape
within the sleeve, An ordinary match may be
used to heat the solder.

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 joined and
that the tape still gives a true measurement.

79. Horizontal Taping, General

a. The method of taping used in artiilery
surveys is known as horizontal taping. In this
method, all measurements are made with the
tape held horizontally. The peoint from which
the distance is fo be measured is the rear sta-
tion. The point to which the distance is to be
measured is the forward station. The distance
between stations is usually several times
greater 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 less
than a full tape length. This length is then
measured. The distance between stations is de-
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Figure 9.

termined by multiplying the number of tape
lengths by the length of the tape and adding the
partial tape length.

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 independently
checks the distance measurement. Additional
personnel are required for taping at night
{para 92).

80. Measuring First Full Tape Length

The first full tape length is measured using
the following procedures;

@. The front tapeman gives 1 taping pin to
the rear tapeman, keeping 10 pins in his pos-
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Taping equipment.

session, The pin given to the rear tapeman rep-
resents 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 his
count of paces or on the command TAPE given
by the rear tapeman. The rear tapeman sights
toward the forward station and signals the di-
rection that the front tapeman should move to
aline the tape, first with the forward station
and then in an estimated horizontal plane. The
tape must be alined within 0.5 meter of the line
of sight from one station to the succeeding sta-
tion and within 0.5 meter of the horizontal
plane.

¢. Each tapeman places a leather thong on
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his wrist and the plumb bob cord on the proper
graduation on the end of the tape. The rear
tapeman alines his plumb bob roughly over the
rear station and commands PULL, and the
tapemen exert 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
taping pin. When the pin has hbeen placed
firmly in the ground, the front tapeman re-
ports STUCK, which instructs the rear tape-
man to move forward to measure the next tape
length.

e. When a team is taping on gently 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 immedi-
ately adjacent to the taping pin.

81. Measuring Succeeding Full Tape Lengths

Succeeding full tape lengths are measured as
discussed in paragraph 80, except as follows:

a. The front tapeman should obtain his ap-
proximate horizontal alinement by sighting
back along the tape toward the rear station,
moving right or left until the tape is approXi-
mately on line. Final alinement usually is made
as directed by the rear tapeman. However, if
the rear tapeman cannot see the forward sta-
tion, final alinement iz made either by the front
tapeman sighting back on the rear station or
by the rear tapeman through the use of pre-
viously selected reference points in alinement
with the forward station. The instrument op-
erator, if available, may assist in this aline-
ment.

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 tapeman
must tape the entire distance again, rather than
complete the taping from a recovered pin hole.
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82. Moving Forward

@. The front tapeman should select a land-
mark (rock, bush, etc.) in line with the for-
ward station. In moving forward, the front
tapeman should keep his eyes on the line to the
forward station and should not look back. He
should determine the number of paces to the
tape length so that he can stop without being
gignaled 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 tapemen

.must remain elear of the line of sight.

83. Tape Alinement

The tapemen must carefully aline the tape.
The maximum allowable error in both hori-
zontal and vertical alinement is one-half meter
for a full 30-meter tape length. The tapemen
aline the tape with the stations which estab-
lish the line by sighting along the tape toward
the stations at each end of the line (fig. 10).
The tapemen then level the tape horizontally
by holding it parallel to an estimated hori-
zontal plane. If difficulty is encountered in
keeping the tape level in rough terraim, then
the hand level should be used. To use the hand
level to establish a horizontal plane, the down-
slope tapeman—

a. Sights through the ievel at the upslope
tapeman,

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, This estab-
lishes the horizontal plane.

d. Instructs the upslope tapeman how to hold
his end of the tape so that the tape will be
parallel to the established horizontal piane. The
downsiope tapeman wmust hold the tape no
higher than his armpits.

Note. The tapeman 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 tapemard
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Figure 10. Tape alinement.

use the hand level to sight on the downslope tapeman
to verify the established horizontal plane.

84. Applying Tension to Tape

The tapeman must apply 25 pounds tension
{pull) to each full or partial tape length.

a. The tapeman 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
the arm which is away from the other tapeman
through a loop in the thong, and places the el-
bow of that arm tight against some part of his
body (fig. 11). When the tapeman is standing,
he applies tension by bending the knee which is
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

Athe arm holding the tape.

AGO 10005A

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 addi-
tional pressure is required, it is applied to the
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.

85. Use of Plumb Bobs

The tapemen use plumb hobs to project
points on the tape to the ground. Each tapeman
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 beneath
the tape (fig. 11). After alining the tape and
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FRONT TAPEMAN

Figure 11.

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 approxi-
mately 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.

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

b. The front tapeman establishes 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 tape-
man marks the point with a faping pin. The
rear tapeman can locate each pin more readily
if the front tapeman clears the ground of grass,
leaves, etc. or kicks a groove in the ground.

86. Use of Taping Pins

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

87. Breaking Tape

When the tape cannot be alined within one-
half meter of a horizontal plane because of the
slope of the ground, the tapemen use a special
procedure known as breaking tape (fig. 12). The
procedure for breaking tape is as follows:

«. 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 the tape, when held
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Figure 12. Breaking tape.

level, would be no higher than the armpits of
the downslope tapeman. At this peint, the front
tapeman selects any convenient full meter grad-
uation. The tapemen then measure the partial
tape length, applying the full 25-pound tension
. to the tape. Clamping handles are used at any
holding point between ends of the tape.

b. After he has placed the taping pin, the
front tapeman waits until the rear tapeman
comes forward. The front tapeman tells the
rear tapeman which full meter graduation was
used, e.g., HOLDING 25. The rear tapeman re-
peats HOLDING 25. The front tapeman re-
ceives a pin from the rear tapeman and moves
forward, repeating this procedure until the zero
mark on the tape is reached.

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

88. 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 80 through 87 except
as follows:

«@. When the front tapeman has set his last
pin in the ground, he has established a point
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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.

89. 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 foliowing 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 tapemen
exert a pull of 25 pounds on the tape. To exert
this pull, the rear tapeman uses a clamping
handle to hold the tape. As tension is applied to
the tape, the rear tapeman slides his plumb bob
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cord along the tape until the plumb bob is ex-
actly 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 his 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 measure-
ment.

90. 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.

91. 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 not
give a pin to the rear tapeman. The taping pin
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marking the half tape length represents one full
tape length plus 15 meters. After the starting
station is established o half tape lenglh from
the rear station, the taping procedures are the
same as those discussed in paragraphs 80
through 90, except that each tapeman adds 15
meters to the distance measurement. This pro-
cedure precludes both teams placing their tap-
ing pins in the same holc.

92. Taping at Night

Daytime taping methods may be used at night
with certain modifications. A piece of white
¢loth 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 tape-
man 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 obstructions. This
procedure is repeated for each full or partial
tape length. The light holders must observe se-
curity precautions when using their lights.

93. Determining Taped Distance

The tapemen determine and check the dis-
tance measurement (fig. 13), using the follow-
ing procedures:

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

b. The rear tapeman determines the distance
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 egual to 10 for each ex-
change of pins plus the number of taping pins
in his possession))

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

d. The rear tapeman reports the distance
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measurement to the recorder for entry in the
field notebook,

94. 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 1;
e.g., 1/1,000 or 1:1,000. The denominator is de-
termined by dividing the mean of the measure-
ments by the difference in the measure-
ments. After computing the comparative
accuracy, the denominator of the fraction is al-
ways reduced to the next lower hundred.

b. The following example illustrates the com-
putation of a comparative accuracy for a dis-
tance measurement:

Distance measurement by taping team 1 = 875.84 meters
Distance measurement by taping team 2 = 357.76 meters
Difference between measurements = (.08 meter
Mean of the measurements = 357.80 meters
: difference 0.08 0.08 <+ 0.08
Comparative accuracy = = = =
mean 357.80 357.80 = 0.08
1 1 1

357.80 = 0.08 4472 O 2400

¢. When the double-taped distance does not
meet the required comparative accuracy, the
distance must be taped a third time. The
third measurement is then compared with each
of the first two measurements to determine if
a satisfactory comparative accuracy can be
achieved with one or the other. The unsatis-
factory distance is then discarded.

95. Taping Techniques and Specifications

To achieve the various degrees of accuracy
in survey, distances must be determined ac-
curately to within certain specifications, de-
pending on the method of survey used. Taping
techniques and prescribed accuracies for the
different methods of survey are as foliows:
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a. Traverse.
(1) 1:500—single-taped; checked by pac-
ing. i
(2) Fifth-order (1:1,000) — single-taped;
checked by pacing.
(8) Fourth-order (1:8,000)—double-taped
to a comparative accuracy of 1:5,000.
b. Triangulation, Intersection, and Reseclion,
(1) 1:500—double-taped to a co\£1parative
accuracy of 1:3,000.

(2) Fifth-order (1:1,000) — double-taped
to a comparative accuracy of 1:3,000.

(3) Fourth-order (1:3,000)—double-taped
to a comparative accuracy of 1:7,000.
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96. Errors in Horizontal Taping

Horizontal taping errors fall into three cate-
gories, as follows:

a. Systematic errors.
b. Accidental errors.
¢. Errors caused by blunders.

97. Systematic Errors

Systematic errors are errors which accumu-
late 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 proce-
dures and techniques. Tapemen should be
egpecially 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 parailel to the slope.
When taping in strong winds, tapemen must
be especially careful to apply the proper ten-
sion 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.

Section Il.

100. General

The Tellurometer is an electronic distance-
measuring device issued to artillery units re-
quired to perform fourth-order survey (fig. 14).
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 paragraph 101. Addi-
tional items used to complete a Tellurometer
measurement include the altimeter (when sta-
tions are not intervisible), Tellurometer field
record and computations forms, and logarith-
mic tables. Distance is determined by measur-
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¢. 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.

98. Accidental Errors

Accidental errors are errors which may ac-
cumulate in either direction. Accidental errors
are usually minor errors. The principal acci-
dental error encountered in taping is caused by
small errors in plumbing. Tapemen should be
careful in plumbing over points, and when
taping in strong winds they must be especially
careful to minimize swinging of the plumb bob
cord. This can be accomplished by keeping the
plumb bob close to the ground.

99. Errors Caused by Blunders

Blunders are major errors made by person-
nel.

@. 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 coor-
dinates of the stations on a large-scale map.

TELLUROMETER MRA 1/CW/MV

ing the loop transit time of radio micrewaves
from the master unit to the remote unit and
back and converting one-half of this loop tran-
sit time to distance. Optical line of sight is not
required, but electrical line of sight between
the instruments is required. The minimum
range capability of the equipment is 152
meters, and the maximum capability 1s 64,000
meters (40 miles). Approximately 30 minutes
1% required to measure and compute a distance
regardless of the length of the measurement.
A distance can be measured during daylight or
darkness and through fog, dust, or rain. A dis-
tance measured with the Tellurometer is used
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Tellurometer station with operating
equipment and carrying case.

Figure 14.

in computations in the same manner as a taped
distance.

101. Description of Components

a. The master unit and the remote units are

gimilar in appearance (figs. 15, 16, and 17) but.

neither the master nor the remote unit can be
operated in a dual role because of the internal
characteristics. The units have the same ex-
ternal dimensions (approximately 19 by 9 by
17 inches) and each weighs 27 pounds. Both
units have parabolic reflectors; which are
shown in the operating position in figure 17.
The mirror surface of the reflectors radiates
the received signal to the dipole. The dipole
confains the transmitting and receiving an-
tennas. Both units have identical built-in aerial
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and communication systems. A luggage-type
handle facilitates carrying the instrument
when it is removed from its case. The hinged
door in the lower left corner of the control
panel (figs. 15 and 16) opens into a compart-
ment in which the radiotelephone handset is
stored. A cathode-ray tube (CRT) visor (fig.
14) is mounted over the CRT scope to shut
out light and make scope presentations more
clearly visible.

b. The carrying case (fig. 14) is a light-
weight, metal alloy, top-opening container. The
lid is provided with a sponge rubber seal for
protection against moisture. The case meas-
ures approximately 18 pounds; it is fitted with
a luggage-type handle for carrying. The case
also has a backstrap device which permits the
operator to carry it on his back. The case is
fitted to hold the instrument (master or re-
mote) in place, and compartments are provided
in the case for spare parts, the CRT visor, a
plumb bob, a plastic rain cover, and a con-
tainer of silica gel.

¢. The universal tripod is issued with the
Tellurometer; this triped is interchangeable
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 system may be cabled directly to a built-in
powerpack (figs. 15 and 16). In addition, either
a 115-volt, 60-cycle power supply or a 230-volt,
50-cycle power supply can be utilized by means
of a mains converter (external powerpack). A
fully charged battery will permit 4 to 6 hours of
continuous operation. An 18-foot cable is pro-
vided so that the built-in powerpack can be con-
nected to a vehicle battery for 24-volt operation.

¢. The spare parts kit consists of a small
metal box containing tubes, regulators, lamps,
and fuzes. A ligt of these spare parts is provided
in the metal container.

f. Additional accessories include a harness
(backstraps) and pack, a CRT visor, a plastic
rain cover, a screwdriver, a nonmetallic screw-
driver, two power supply cables, an external
powerpack, a handbook (Operation and Main-
tenance), and the Preliminary Maintenance
Support Manual.
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Figure 15. Control panel, master unit.

g. A surveying altimeter, issued as a separate
TOE line item, should be available with each
master and remote unit for the determination of
difference in height when it is not possible to
measure the vertical angle between the master
and remote units with a theodolite. The verti-
cal angle or difference in height is necessary to
converi the slope distance measured with the
Telluremeter to horizontal distance.

102. Notekeeping
Field notes of the Tellurometer survey are
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"entered on DA Form 5-139, Field Record and

Computations—Tellurometer. The computa-
tions for determining sea level distance are also
accomplished on this form. The completed form,
with field records and computations, should be
filed with the associated survey computation.

103. Principles of Operation

a. When the Tellurometer system is used to
perform a distance measurement, one master
unit and one remote unit must occupy opposite
ends of the line to be measured. A continuous
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Figure 18. Control panel, remote unit.

radio wave of 10-centimeter (cm) wavelength
(3,000 megacycles) is radiated from the master
unit. This radio wave is modulated by what is
referred to as pattern frequency. The modulated
wave 15 recelved at the remote unit and reradi-
ated from its transmitting system to the master
unit.

b. At the master unit, the return wave is
compared with the transmitted wave, and the
phase comparison, or the difference in the two
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waves, 18 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. 18). The CRT circular
scale is divided into 10 major and 100 minor
graduations. The leading edge of the break in
the cireular sweep is read clockwise to the
smallest minor graduation. The transit time,
the time required by the wave to travel from
the master unit to the remote unit and back, is
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Figure 17. Side views of master and remote units.

determined from a series of readings on the
cathode-ray tube of the master unit.

104. Selection of Stations

The optical line of sight between stations
must be clear, or very nearly so, for a Tellu-
rometer measurement: however, visibility is
not absolutely essential. This condition is re-
ferred to as electrical line of sight. Large ter-
rain features, such as hills, will block the line
of site. The Tellurometer is used primarily in
traverse, in which a theodolite is used to meas-
ure angles. Since line of sight is necessary for
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the measurement of angles with the theodolite,
the proper selection of stations for the theodo-
lite will provide line of sight for the Tellu-
rometer. The best site for a Tellurometer sta-
tion is on top of a high peak; however, the fol-
lowing factors must also be considered because
of the effects caused by the reflection of micro-
waves:

a. Tha ground between the two stations
should be broken and, preferably, covered with
trees and vegetation to absorb ground waves
and prevent them from interfering with the
direct signal,
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Figure 18. Cathode-ray tube pattern reading.

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

¢. If possible, measurements should not be
made over highly reflective surfaces, such as
smooth areas, desert sands, and water. Figure
19 illustrates the effect of the reflection of
microwaves from water. An error, sometimes
referred to as ground swing, is caused when
the Tellurometer receives both the direct wave
and the reflected wave. Some of the error is re-
moved by the method of observing. The mean
of the four fine readings, 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 as possible becomes “dead
ground” to the receiving instrument (fig. 19).

105. Instrument Controls

The controls for the operation of the master
and remote units are classified into four func-
tional groups—the setting up controls, used in-
itially in setting up the instruments and estab-
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lishing a satisfactory cathode-ray tube presen-
tation; the operating controls, used during the
measurement; the monitoring controls, used to
check circuit operation; and the preset controls,
which normally require ne adjustment, Each of
these functional groups includes a number of
individoal controls.

«. Setting Up Controls,

(1) The LT (LOW VOLTAGE) and the
HT (HIGH VOLTAGE) switches are
used to apply power to the master and
remote units after they have heen
cabled to a power source. These
switches are located in the lower por-
tion of the control panel on the units.

(2) A BRILLIANCE control is located on
the left side panel of each unit and is
used to adjust the brightness of the
presentation on the cathode-ray tube
of each instrument.

(3) A FOCUS control is located on the left
side panel of each unit and is adjusted
in conjunction with the BRILLIANCE
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control until a bright, sharp trace ap-
pears on the cathode-ray tube.

An X-SHIFT control is located on the
left side panel of each unit, and it
moves the trace in a horizontal direc-
tion across the face of the cathode-ray
tube.

A Y-SHIFT control is located on the
left side panel of each umit, and it
moves the trace in a vertical direction
across the face of the cathode-ray
tube,

The CIRCLE AMPLITUDE contro! is
located on the right side panel of the
master unit and is used to adjust the
diameter of the circular trace that is
presented on the cathode-ray tube.

Reflected microwaves.

(7) The SHAPE control and the Y-AM-

PLITUDE control are located on the
right side panel of the master unit
and are adjusted together to achieve
a circular trace on the cathode-ray
tube.

b. Operating Conlrols.

(1) A PATTERN SELECTOR control is

located in the upper part of the con-
trol panel of each unit and is used to
select pattern A, B, C, or D, as re-
quired, during the measuring proce-
dure. In addition, the PATTERN SE-
LECTOR control on the remote unit
selects the A+ or A— pattern upon
instructions from the master unit
operator.
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(2) A MEASURE-SPEAK key is located

(3)

(4)

(5)

(6)

in the center portion of the control
panel of each unit and is used for
switching from radiotelephone to
measure and also for signaling during
a measurement,

A CAVITY TUNE dial is located in
the center portion of the control panel
of each unit and is used similarly to
that of a program selector on a radio.
Each CAVITY TUNE dial setting has
a corresponding frequency.

A REFLECTOR TUNE dial is located
in the center portion of the control
panel of each unit and is used for elec-
trical tuning of the klystron. It should
be adjusted at all times for maximum
crystal current, which is indicated on
the CRYSTAL CURRENT meter.
The FORWARD-REVERSE reading
key is located in the center portion of
the control panel on the remote unit
and is used to select the forward A -+
or A— pattern or the reverse A+ or
A — pattern, as instructed by the mas-
ter unit operator.

The PULSE AMPLITUDE control is
located on the right side panel of the
remote unit and is used to adjust the
amplitude of the pulse being returned
by the remote unit to the master unit.

¢. Monitoring Controls.

(1)

(2)
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The PRESS PULSE control is located
on the right side panel of the master
unit and is used by the master unit
operator to verify that a puise of suf-
ficient strength is being received from
the remote unit. When ths master unit
operator presses the PRESS PULSE
control, he is able to view on his
cathode-ray tube the pulse pattern
that is presented on the remote unit
cathode-ray tube.

A METER switch is located on the
center portion of the control panel of
each unit and 1s used in conjunction
with the SWITCHED METER to
check circuit operation. The switch is
set to the REG position to check volt-
age regulators in the klystron circuit.
It also indicates the state of charge

of the battery. In the MOD position,
the meter reading indicates that cir-
cuit pattern modulation is taking
place. In the AVC position, the meter
indicates the strength of the received
signal. (The REFLECTOR TUNE
control should always be adjusted to
obtain a maximum AVC reading.) The
three remaining switch positions are
OFF positions, indicating that the
SWITCHED METER (not the Tel-
lurometer unit) is off.

(3) A CRYSTAL CURRENT meter is lo-
cated in the center portion of the con-
trol panel of each unit and registers
the crystal current. This reading
should be kept at the maximum at all

times by adjusting the REFLECTOR
TUNE dial.

d. Preset Controls.

(1} The ADJUST MODULATION con-
trol plate located above the PAT-
TERN SELECTOR switch on the
control panel of each unit must be re-
moved to adjust the modulation con-
trols. A nonmetallic screwdriver 1is
used to adjust the modulation level of
pattern A, B, C, and D to read 40,
40, 40, and 36, respectively.

(2) The ADJUST FREQUENCY control
plate located immediately below the
PATTERN SELECTOR switch on
the control panel of each unit must
be removed to use the four controls
for the adjustment of crystal fre-
quencies. This adjustment is per-
formed only by a qualified technician.

106. Setting Up the Tellurometer

Any attempt to operate a master unit and
a remote unit while they are 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 /i below are
applicable to both the master station and the
remote station.

a. Set up the tripod over the point which
identifies one end of the line to be measured,
using the procedure outlined for setting up
the aiming circle (para 148a).
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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
tighten it to insure that the instrument is fixed
to the tripod. Point the dipole in the approxi-
mate direction of the remote station. The Tel-
lurometer radiates a conical beam of about 10°,
In windy weather, the Tellurometer should be
fied down so that it will not be blown over
and damaged.

¢. Dismount, the parabolic reflector from its
closed (travel) position and remount it in the
open (operating) position, making sure that
the 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 inaceuracies are
created if the handset is left there during the
measurement., Place the LT and the HT
switches in the OFF position.

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

f-When a 24-volt battery is used, connect
the long (18-foot) 24-volt power supply cable
to INPUT. Connect the red lead to the positive

post and the black lead to the negative 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
LT switch in the ON (up) position. This pro-
vides a filament current to the tubes in the
instrument, and it must be turned on 30 sec-
onds before turning on the. HT switch, Both
the LT and HT switches must be in the ON
position for operation of the instrument. The
HT switeh should be in the OFF position while
waiting for the prearranged time of operation
agreed upon by the master and remote op-
erators,

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

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,.

4. Turn the METER switch to MOD (modu-
late) position and cheek the modulation level
of each crystal. The PATTERN SELECTOR
must be turned to each erystal, 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, re-
move the ADJUST MODULATION cover and
adjust the modulation trimmers. The trimmers
should be adjusted if the reading varies = 2
from 40 or 36, depending on the erystal being
checked. A nonmagnetic screwdriver should he
used for this adjustment.

k. Switch the MEASURE-SPEAK key fo
SPEAK and move the METER switch to the
AVC position. The SWITCHED METER
should read about 20 mieroamperes without the
two instruments being tuned and without the
other set being turned on. Turn the RE-
FLECTOR TUNE dial. If the SWITCHED
METER needle moves, the receiver is working.
If there is no movement of the indicator,
trouble can be suspected in the receiver and a
repairman should be consulted.

I. This step is performed by the master unit
only, Switch the MEASURE-SPEAK key to
SPEAK. There should be a spot of light near
the center of the cathode-ray tube. Turn the
CIRCLE AMPLITUDE control (right side
panel) to make this spot as small as possible,
Adjust the BRILLIANCE and FOCUS controls
(left side panel) for a clear, sharp spot. Center
the spot earefully in the graticule, using the
X-SHIFT and Y-SHIFT controls (left side
panel),

m. While the master unit operator is complet-
ing the adjustment in ! above, the remote unit,
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with the MEASURE-SPEAK key in the
SPEAK position, should present a spot of
light near the center of the cathode-ray tube.
If necessary, adjust the BRILLIANCE and
FOCUS controls for a clear, sharp spot and
center the spot in the cathode-ray tube by
using the X-SHIFT and Y-SHIFT controls.

107. Tuning Procedures

The instrument tuning procedures follow the
setting-up procedures and must be completed

Master unit operator

al. Set the CAVITY TUNE dial two or three num-
bers below the previously agreed upon starting number
(setting of remote). Place the METER switch in the
AVC position. Increase the CAVITY TUNE dial set-
ting until a maximum reading is indicated on the
SWITCHED METER. A maximum AVC reading at
this point indicates that the maser instrument is tuned
to the remote instrument.

b1, Establish communications with remote operator.

¢l, Direction find (DF) the instrument by traversing
it on the tripod until the SWITCHED METER shows
a maximum AVC reading., Check plumb after DF. In-
struct the remote operator to direction find his instru-
ment.

dl. Switch to MEASURE and turn the METER
switch to the MOD position. Check modulation levels by
turning the PATTERN SELECTOR to A, B, C, and
D, in turn.

Announce each modulation reading to the recorder
for entry in block VI of the field record and computa-
tions form (fig. 20). 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 the AVC position.

el. Announce the following information to the re-
corder for entry in block I of the field record and com-
putations form (fig. 20}: instrument numbers, station
numbers, weather conditions, and operators’ names.

f1. With the MEASURE-SPEAK 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 maximum CRYSTAL CURRENT
reading by turning the REFLECTOR TUNE dial.
With the METER switch in the AVC position, readjust
the CAVITY TUNE for a maximum AVC reading on
the SWITCHED METER.

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 remote
unit operator to adjust the PULSE AMPLITUDE.

Note. The Tellerometer system is now ready for distance measuring.
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before a measurement is made. These proce-
dures start with the MEASURE-SPEAK key
in the SPEAK position and require coordina-
tion 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
following instructions are arranged to insure
that the proper sequence is followed. In each
step, the operation designated with the number
1 precedes the operation designated with the
number 2.

Remote unit operator

a2, Set the CAVITY TUNE dial on the previously
agreed upon starting number, Verify the maximum
CRYSTAL CURRENT by using the REFLECTOR
TUNE dial.

Place the METER switch in the AVC position and
watch the SWITCHED METER for a maximum read-
ing as a signal that the master operator has tuned his
set.

b2. Answer the master operator’s call.

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

d2. Switch to MEASURE and turn the METER
switch to the MOD position. Check the modulation
levels by turning the PATTERN SELECTOR to A, B,
C, and D, in turn. Note the values of the modulation
levels,

When requested to do so, report the modulation read-
ings to the master operator.

e2. Stand by. If requested to do so, provide infor-
mation to the master operator.

f2. Switch the MEASURE-SPEAK key to MEAS-
URE and stand by.

g2. If requested to do so, adjust the PULSE AMPLI-
TUDE.
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108. Operating Temperature

@. The Tellurometer is designed to operate in
temperatures ranging from —40° F to +104°
F (manufacturer’s estimate). The crystals of
both the master and remote units are mounted
in an oven which automatically maintains op-
erating temperature. The operation of the oven
begins as soon as the power source is connected,
regardless of whether the LT or the 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 +25° F air temperature. If the
Tellurometer is operated in cold, extremely
windy weather, a light windbreak around the
instrument will reduce warmup time.

109. 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.
The readings are taken in this order and are
recorded on the field record and computations
form (fig. 20) as they are taken. The completed
form constitutes a record of the distance meas-
ured and the system operation during one
measurement. This form should be retained to
make up a permanent log for the operation of

Master unit operstor

al. Switch to SPEAK and advise the remote unit
operator that the initial coarse reading wili be taken
in the prescribed order (A+, A—, B, C, D). Switch
to MEASURE, turn the PATTERN SELECTOR to
position A, and read the value on the CRT to the near-
est division (fig 18). Announce the value to the re-
corder for entry in block II of the field record and
computations form (fig 20).

Flick the MEASURE-SPEAK 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 (A—) pattern.

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 clockwise
edge of the break.
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the system. A coarse reading consists of read-
ings on the A+, A—, B, C, and D patterns, in
that order. A fine reading consists of A+ for-
ward, A— forward, A— reverse, and A4 re-
verse pattern readings taken in that order for
convenience in switching. If both operators
know and follow this sequence for reading the
patterns, the need for radiotelephone conversa-
tion will be reduced. As the reading in each
pattern is completed, the master unit cperator
signals for a change to the next erystal setting
by depressing the MEASURE-SPEAK key
twice. This signal can be detected on the remote
unit CRT by a change in the presentation and
can be heard on the remote unit radiotele-
phone ag a break in the measuring tone. All
readings are made at the master unit and are
read in a clockwise direction at the leading edge
of the break. For one complete set of readings,
all of the patterns should be read without mov-
ing the CAVITY TUNE dial. If any adjustment
is necessary to improve the ecirele break, it
should be made with the REFLECTOR TUNE
knob in conjunction with the PRESS PULSE
sequence discussed in paragraph 107g. If a good
break does not appear at this time, the leading
edge of the flexing point on the circle may be
used to determine a reading. The REFLECTOR
TUNE knob and the CAVITY TUNE dial
should be tuned simultaneously to maintain
maximum AVC and CRYSTAL CURRENT
readings between sets. The measuring proce-
dures require coordination between the op-
erators of the master and the remote units. In
each step, the operation designated with the
number 1 precedes the operation designated
with the number 2.

Remote unit operator
a2, When instructed that the initial coarse readings
will start, switech to MEASURE. Each time the master
unit operator signals by flicking the key, switch to the
next pattern frequency.
The master unit operator’s signal will appear as a
flick on the remote unit CRT and as a break in the
measuring tone on the radiotelephone.
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Master wunit operator

Flick the MEASURE-SPEAK 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 read-
ing, flick the switch to indicate readiness to read the
next pattern.

When the C and D pattern readings have been com-
pleted, return the PATTERN SELECTOR to position
A. This completes the initial coarse readings.

b1. Switch to SPEAK and advise the remote unit
operator that each fine reading will be taken in the
prescribed order (A4, A—, A— reverse, A4 reverse).

Normally four sets of fine readings are taken. The
frequency interval between sets should be the maximum
allowable (i.e., 3, 5, 7, and 9) over the range of the
CAVITY TUNE dial. When making the reverse read-
ings, continue to read the clockwise leading edge of
the break.

Announce to the remote unit operator the remainder
of the CAVITY TUNE dia! settings.

¢I. Adjust the CAVITY TUNE dial, if necessary,
for maximum AVC readings. Check the REFLECTOR
TUNE dial for maximum CRYSTAL CURRENT. An-
nounce 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 ap-
parent, adjust it with the REFLECTOR TUNE dial
and PRESS PULSE. If the adjustmeni fails to pro-
duce a break communicate with the remote unit opera-
tor and request a high PULSE AMPLITUDE setting.

dl. Take the four sets of fine readings at the pre-
viously announced CAVITY TUNE dial intervals. Flick
the MEASURE-SPEAK key to signal the remote unit
operator.

Announce the value read for each pattern during the
measurement of each set to the recorder for entry in
block III of the field record and computations form
(fig. 20}.

After taking the A+ reverse reading of each set,
the master unit operator should pause momentarily
before proceeding and allow the recorder to check the
recorded values for possible reading errors.

el. Repeat the procedures in ¢ and df above with
different CAVITY TUNE dial settings for the required
number (four)} of sets of fine readings.

f1. Switch to SPEAK and advise the remote unit
operator that final coarse readings will be taken.

Foilow the procedure in af above at the last CAVI-
TY TUNE dial setting. As the readings are made, an-
nounce the values to the recorder for entry in block IV
of the field record and computations form (fig. 20).
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Remote unit operator

b2. Switch to SPEAK and wait for instructions.

When advised that fine readings will be taken, turn
the METER switch to the AVC position and set the
CAVITY TUNE dial to the announced setting.

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

¢2. When instructed to do so, increase or decrease
the PULSE AMPLITUDE. On instructions from the
master operator, switch the MEASURE-SPEAK key
to MEASURE.

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 complete, switch the PATTERN SE-
LECTOR to the A— position. On the second signal
from the master unit operator, depress the FOR-
WARD-REVERSE key. When the FORWARD-
REVERSE key is in the REVERSE position, the
master unit operator reads the A-reverse pattern. On
the third signal, switch the PATTERN SELECTOR
to the A position. This presents the A4 reverse pat-
tern to the master unit operator. On the fourth signal,
raise the FORWARD-REVERSE key and wait for
instructions. When instructed to do so, switch to
SPEAK and advance the CAVITY TUNE dial to the
next setting.

e2. Follow instructions from the master operator as
indicated in ¢2 and d2 above.

f2. Follow the procedure in a2 above at the last
CAVITY TUNE dial setting.
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Master unit operator

g1. Compare the interpreted initial and final coarse
readings for agreement (blocks 11 and IV of the field
record and computations form).

If a significant disagreement is evident (para 113),
take additional coarse readings until the error is iso-
lated.

hi. Advise the remote unit operator that the meas-
urement is complete and give further instructions.

Instructions must be explicit and thoroughly under-
stood, since at this point the instruments will be turned
off and communications severed.

If at any time in tuning to a new CAVITY TUNE
dial setting, communications cannot be made with the
remote unit, return to the last CAVITY TUNE dial
setting at which contact was made and issue instruc-
tions.

110. Computing a Tellurometer Distance
Measurement

a. Computations required for a Tellurometer
distance measurement are performed in the fol-
lowing order:

{1) Interpret the initial coarse readings.
(2) Interpret the fine readings.
(3) Interpret the final coarse readings.

(4) Resolve the transit time in millimicro-
seconds from correctly interpreted
pattern differences.

(5) Cempute the slope distance in meters
from a transit time in millimicro-
seconds.

(6) Reduce the slope distance to a hori-
zontal sea level distance in meters.

b. Tellurometer distance measurements are
normally computed at the master station before
party personnel depart for subsequent survey
eperations. This permits the verification of the
distance determined by map scaling and the
resolutien of ambiguous pattern differences if
they occur. Figure 20 illustrates the recording
of readings on a field record and computations
form (DA Form 5-139) and is used as a refer-
ence for the discussions on computations in
paragraphs 111 through 117,

111. interpreting the Initial Coarse Readings
(Block 11)

a. The phage difference is determined by
subtracting the coarse readings B, C, D, and
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Remote unit operaior

he. Proceed as instructed.

If at any time in tuning to a new CAVITY TUNE
dial setting communications cannot be made with the
master unit, return to the last CAVITY TUNE dial
setting at which contact was made and await instruc-
tions.

A— from the A + reading. If the A+ reading
is smaller than the B, C, D, and A— readings,
as in figure 20, 100 is added to the A + reading
before subtracting.

b. The difference between A + and A— is di-
vided by 2 and the result is compared with the
A + reading; 50 is added to the result, if nec-
esgary fo keep it at approximately the same
value as the original A + reading. If the values
do not compare within 4 millimicroseconds, the
coarse measurements must be reobserved. In
figure 20, this value (03.0) is within 2 milli-
microseconds of the A + reading (05), which is
satisfactory.

112. Interpreting the Fine Readings
(Block 111

After the fine readings are taken and re-
corded in block III, the mean differences and
the mean fine reading are computed. In the ex-
ample below, one set of the fine readings in
figure 20, block III, is meaned:

Remote
Set diai Farward Reverse
1 3 A4+ 05 A+ 59
A— 99 A— 51
06 08

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

05.00 (block II)
03.50

A4 (initial coarse) =

Mean fine reading =

Zeroing error = 1.50 millimicroseconds
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Figure 20. Field record and computations form.
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BLOCK X! - SEA LEVEL COEFFICIENT

The height used to determine log sea level
coefficient is height of known station to the near-
est 100 meters. Mean height should be used if the
heights of both stations are known.

HEIGHT L.OG 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
100¢ 9.9939317
1100 9.9999249
1200 9.9999181
1300 9.9999112
1400 9.9999044
1500 9.9998976
1600 9.9998908
1700 9.9998839
1800 9.9998770
1500 9.9998703
2000 9.9993634
2100 9.9998566
2200 9.9998498
2300 9.9998429
2490 9.9998361
2500 9.9998292
2600 9.9998225
2700 9.9998156
2800 9.9998088
2900 9.9998020
3000 9.9997951
3100 9.9997843
3200 9.9997815
3300 9.9997747
3400 9.9997678
3500 9.9997609
3600 9.9997542

NOTE:

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

GIVEN:
Height of station - METERS.

FIELD DATA:
a. Approximate distance in both miles and
meters,
b. Comected transit time.
¢. Height if not avatiable,
d. Vertical angle (compute if not possible
{o moasture).

GUIDE:

' a. BLOCKS I, HI & [V - If A+ is less than B,
C or A-, add 100 to A+ before determining
the difference.

b. BLOCKS If, IIl & 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) - Measured or computed
vertical angle.

LiMITATIONS:
This form may be used for obtaining artillery
sutvey accuracies.

RESULTS:
A sea level distance is determined which
should be treated the same as a taped
distance.

GrO 997312

Figure 21. Back of field record and computations form.
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@. In the forward readings, the A— is sub-
tracted from the A + . Because the A + is small-
er than the A—, it is necessary to add 100 to
05 before subtracting (100 + 05 = 105; 105—
99 = 06). The 100 is added to A+ only when
it is smaller than A—.

b. In the reverse readings, the A— is sub-
tracted from the A4 (59 — 51 = 08). If the
A + is smaller than the A—, it is necessary to
add 100 to the A + before 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).

¢. The procedure in a through d above is used
to correct for the zeroing error at the remote
dial setting of 3. Essentially the same procedure
is used for the readings taken at the remote
dial settings of 5, 7, and 9, except that, in block
ITI of the form, the sum of the mean differences
for the four dial settings is divided by 2 times
the number of sets taken to determine the mean
fine reading for all of the sets. This mean fine
reading is computed (to the nearest hundredth)
and compared with the initial A + reading in
block I1. The difference in the two values (add-
ing 50 to the mean fine reading if necessary)
should compare within 4 millimicroseconds. If
they do not agree within this tolerance, each set
of fine readings and the initial coarse A + read-
ing should be inspected for any obviously er-
ratic values. If the mean difference of any set
of fine readings varies from the mean of the
four sets by more than 8 millimicroseconds,
that set should be repeated at the same remote
dial setting. If the difference persists, the re-
mote unit operator should be instructed to move
to another frequency {a move of one-half or one
full graduation in the remote dial setting is suf-
ficient). The master unit operator should then
retune and take a new set of fine readings. If
the inspection of the fine readings reveals no
erratic readings, then the initial coarse A+
reading should be verified. In figure 20, the
mean fine reading (8.44) is compared with A +
(05) in block IT and is satisfactory because it
is within 4 millimicroseconds.
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f. Four sets of fine readings are made using
all parts of the CAVITY TUNE dial; i.e, 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.

113. Interpreting the Final Coarse Readings
(Block V)

The final set of coarse readings is taken as a
check on the initial coarse readings and is used
to resolve the transit time in block V. The final
coarse readings are interpreted and the differ-
ences are resclved in the same manner as the
initial coarse readings. When the differences
are resolved, the final coarse differences are
compared with the initial coarse differences. If
the differences between the patterns of the two
sets exceed that shown below, a third set of
coarse readings is taken and the pattern differ-
ences are resolved and compared with the first
two sets. Of the two sets that compare most
favorably, the last set taken is accepted for the
final coarse readings and is used to resolve a
transit time.

Petiern Difference Mazimum Difference

A4, A—
A+, B
A4, C
A, D

Do G2 G2

114. Resolving the Transit Time From
Pattern Differences (Block V)

a. In the spaces provided in block V (fig. 20),
enter the final coarse reading differences from
bloek IV, the mean fine reading (to the nearest
hundredth) from block III, and the first figure
(transit time) from block X {approximate dis-
tance in miles).

b. On the line for unresolved transit time,
hring down the first digit appearing on each
line in block V and the complete value of the
mean fine reading and enter them ag the unre.-
solved transit time.

¢. Determine the resolved transit time by
successive comparison and enter the value on
the line for resolved transit time (fig. 20). The
method of comparison used to resolve a cor-
rected transit time is illustrated in figure 22.
The resolved transit time represents the travel
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BLOCK I - TRANSIT TIME (M, T¥, & X)

Obtained from approximote
distonce in miles (block X} |010|0[|0]0|050{0

From block X, enter O on line for resolved tronsit time
{Approx. dis. miles from mop scale = 2.3 miles}

~
. Q344 volue closest to 28000;
Final A +8 Dift 218lofofolo]o} Tocompore with 3380332 = [ enter2 online for
A +8 Dift consider 1380344 resolved transit time
: 580344 value closest to 4100;
Coorse > A+C Diff al|i|olo:o]o :°c°°[’)"."°" ! 480344 = | enter 3on line for
+ ';f consider resolved transit time
’ . 90344 value closest to 820,
Readings | A+D Diff glz2]oiolo Z°+;°';.‘;‘f": S = {{ enterBontine for
{block I} " CLEE LY 70344 resolved ironsit time
4
Use this volue to Enter the mean fine reading from
Mean fine reading (block I} QO[3:4|4| compore with block JIL. This volue will not chonge.

A +D Diff

Unresolved transit
time (block T !

Unresclved transit time

Resolved transit
time (blockIIL}

Resolved tronsit time

Figure 22. Resolving a transit time.

time in millimicroseconds of the electromag-
netic wave transmitted from the master unit to
the remote unit and return.

115. Computing Slope Distance in Meters
(Block V)

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 1 of block VII.

b. A mean refractive index is used in artil-
lery survey for the refraction correction. This
index eliminates the requirement for meteoro-
logical observations during a measurement
and simplifies computations. This index has
been applied to the velocity of a radio wave
per millimicrosecond to provide a constant.
The logarithm of one-half the constant is added
to the log of the resolved transit time to pro-
duce the logarithm of a one-way slope distance
in meters. This logarithm appears on line 2,
block VII (fig. 20), and is added to the loga-
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rithm on line 1; the resulting sum is the loga-
rithm of the slope distance in meters (line 3,
block VII).

¢. The use of a mean refractive index will
provide an accuracy greater than 1:10,000 at
air temperatures of —40°F to +120°F, at ele-
vations of —1,000 to 4+ 10,000 feet, and under
all conditions of humidity.

116. Determining the Vertical Angle
(Block WVilI)

a. In block VII, the logarithm of the slope
distance was determined, and this distance
must be converted to an equivalent horizontal
distance to be used in artillery survey. The
horizontal distance can be computed by using
the slope distance and the vertical angle or the
slope distance and the difference in height.

b. When the vertical angle is measured, it
is entered on line 5 in hlock VIII (fig. 20).
The vertical angle should be measured recipro-
cally or corrected for curvature, when measur-
ing over a long distance. The vertical angle
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may be expressed in either degrees, minutes,
and seconds or in mils, depending on the type
of theodolite used to make the measurement.

e. If the vertical angle is not measured, then
it must be computed by using the slope dis-
tance and the difference in height. The dif-
ference in height is obtained from line 3, block
I, at the top of the form. The vertical angle is
computed in block VIII,

d. The heights of the master station and the
remote station are entered on lines 1 and 2,
respectively, in block I. The heights are ob-
tained from known data or determined with
the altimeter {chap 11).

117. Reducing Slope Distance to Sea Level
Distance (Block IX)

¢. 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. 20).

b. The instructions for the use of the sea
level coefficient are on the back of the form
in block XI (fig. 21),

e. The computations on the field record and
computations form (fig. 20) end with sea level
distance in bleck 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 trans-
verse mercator grid distance.

118. Personnel Requirements

One man can operate either the master or
the remote unit. However, in order to take ad-
vantage of the accuracy and speed of a Tel-
lurometer survey, two men—an instrument
operator and a recorder—are required for each
unit. As in all artillery survey operations, two
independent computations must be made.

119. Tellurometer Traverse

¢. The primary use of the Tellurometer in
artillery survey is to measure distance for a
traverse. However, it can be used to measure
any required distance between 150 meters
and approximately 64,000 meters (40 miles).
The main advantages of determining distance
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with a Tellurometer rather than with a tape
are:
(1) Greater accuracy.
(2) Greater ease in measuring over rough
terrain.
(3) Less time required to measure long
distances.

b. Short distances can usually be determined
in less time with a tape than with the Tel-
lurometer. Because of the necessity of dis-
tributing survey control throughout an area of
operations, the average distance measured in
a Tellurometer traverse is from 1 to 5 miles,

e. A set of Tellurometer equipment con-
sists of one master unit and two remote units.
In Tellurometer traverse, the master station
is the midstation and the remote units are lo-
cated at the forward and rear stations. The
master unit occupies alternate stations and
measures the distance to the rear station and
the forward station each time it is set up.
Horizontal and vertical angles are measured
at each Tellurometer station. When measure-
ments are complete at the first three stations,
the master station and the rear remote station
are moved to the next successive stations

(fourth and fifth stations, respectively). The

former forward remote station remains in
position and becomes the rear remote station.
The procedure is continued with the master
station being positioned between two remote
stations until measurements are completed.

d. The theodolite is the angle-measuring
instrument used with the Tellurometer. Gen-
erally, the Tellurometer is used in artillery
fourth-order survey, using fourth order specifi-
cations. If the Tellurometer is used for-artillery
fifth-order survey, distances are measured in
the same manner as for artillery fourth-order
survey, and angles are measured to fifth-order
specifications. In either case, one theodolite is
provided with each master and remote unit.
An altimeter is also provided with each mas-
ter and remote unit for the determination of
height when a vertical angle cannot be
measured.

e. The tripod should be set up over the sta-
tion and used for both the Tellurometer and
the theodolite. The instrument operator and
the recorder perform both distance measure-
ments and angle measurements.
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120. Trilateration by Tellurometer

a. Trilateration is another method of sur-
vey for which the Tellurometer may be used.
Trilateration is the measurement of the
length of the sides of a triangle.

b. Trilateration may be performed when
poor visibility prohibits the use of an angie-
measuring instrument, thus eliminating Tel-
lurometer traverse as a means of extending
survey control. When trilaterating under these
conditions, height is established by altimetry
and azimuth is determined with the azimuth
gyro.

¢. Generally, trilateration will not be used
when a Tellurometer traverse is possible, be-
cause in most tactical situations and conditions
of terrain, a Tellurometer traverse is faster,
more accurate, less complicated, and requires
fewer computations and less reconnaissance.
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121. Care and Maintenance of the
Tellurometer

a. The number of artillery surveyors with a
sufficient knowledge of electronics to perform
all adjustments and repairs of the Tellurometer
is limited. For this reason, the operator’s
maintenance should be confined to a level suit-
able 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 those caused by rough handling.

¢. TM 5-6675-202-15 is the operator’s
manual for the Tellurometer. This manual
clearly defines the extent of care and the main-
tenance responsibilities from the operator level
to the highest maintenance category. The op-
erator should consult this manual regularly in
performing his maintenance. Maintenance ex-
perimentation by operating personnel is pro-
hibited.

Section lll. SURVEYING INSTRUMENT, DISTANCE MEASURING, ELECTRONIC

122. General

The DME (distance-measuring equipment),
an electronic distance-measuring device re-
places the Tellurometer as an item of issue in
tables of organization and equipment of artil-
lery units required to perform fourth-order
survey (fig. 23). The DME system consists of
two units which may serve either as a meas-
urer or a responder by means of a selector
switch. In the DME system, units are desig-
nated as measurer or responder, depending on
the mode selected, and correspond respectively
to the master and remote functions in the
Tellurometer system. Measurements with the
DME c¢annot be made through land masses or
large obstructions, such as houses, which are
directly in the line of sight and close to either
of the units. However, measuremenis can be
made when small, distant objects, such as
trees, brush, chimneys, or small buildings, lay
on line of sight. Visibility is not required for
measurements with the DME as it is for an
optical instrument. The minimum range capa-
bility of the DME is 200 meters; the maximum
range capability, 50 kilometers (approxi-
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mately 35 miles). Approximately 30 minutes
are required to measure and compute a dis-
tance regardless of the length of the line. A
distance can be measured during daylight or
darkness and through fog, dust, or rain.

123. Description of Components

¢t. The dimensions of the DME are 15 by 14
by 10 inches; it weighs 34.5 pounds. The unit
has a built-in aerial and communication sys-
tem for use during the setup and measurement
periods. A luggage-type handle on the instru-
ment permits the instrument to be carried
when it is removed from iis carrying case.

b. The instrument is contained in a metalized
fiberglass case.

¢. The tripod issued with the DME is simi-
lar to, and interchangeable with, the tripod
used with the Tellurometer, the T16 and T2
theodolites.

d. The units may be operated from either a
12- or a 24-volt, DC power source or a 110-
volt, 60-cycle AC source with a converter or a
self-contained 12-volt nickel cadmium battery.
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Figure 28. DME station with operating equipment.

e. Additional accessories include—
(1) A Set of Allen wrenches.
(2) A screwdriver-type wrench.
(3) A screwdriver.
(4) A 24-volt cable (25 feet).
(5) A 12-voit cable (6 feet).
(6) A connector for the internal battery.
(7) A headset.
(8) A nickel cadmium battery.
(9) An instructional manual.

124. Selection of Stations

Electrical line of sight is required between
the two units of the DME system. The prin-
ciples to be considered in selecting the stations
for the DME are the same as those for the
Tellurometer (para 104).
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125. Operator Training

¢. An instrument operator qualified to op-
erate conventional surveying instruments,
especially the Tellurometer, can acquire in ap-
proximately 30 minutes an adequate knowledge
of the DME to perform and supervise all the

‘activities required to complete a field observa-

tion and to perform the necessary computa-
ticns for the determination of a distance.

b. Continued operation of the DME will pro-
vide the operator with sufficient knowledge to
perform a limited amount of maintenance.

126. Instrument Controls

The physical locations of the DME controls
are shown in figure 24, The functions of the
individual controls are as follows:

a. ON-OFF-STANDBY Switch. The ON-
OFF-STANDBY switch is used to apply power
to the equipment. This switch is located in the
lower left section of the control panel. When
the switch is—

(1) In the OFF position (horizontal),
none of the circuits are energized.

(2) In the STANDBY position (down),
the klystron filament and the crystal
oscillator oven are energized. This
permits the instrument to warm fto
operating temperature.

Caution: Do not switch from OFF
or STANDREY to ON until the warming
eycle has been completed.

(3) In the ON position (up), all eircuits
required for distance measurement
are energized.

b. VOLUME Control. The VOLUME control
is located next to the ON-OFF-STANDBY
switch. Thig control adjusts the gain of the
eircuits driving the headset earphones. The
control may be turned down to zero.

¢. ILLUMINATION Control. The ILLUMI-
NATION control is located approximately in
the center of the control panel. This control
adjusts the brightness of the seven lamps on
the control panel. The lamps are turned off in
the fully counterclockwise position of the con-
trol.
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d. MEASURE-TALK Switch. The MEAS-
URE-TALK switch is located just above the
JLLUMINATION control. When the switeh is
in the TALK position, voice communication be-
tween the units is possible. When the switch
is in the MEASURE position, the circuits that
determine the distance between units are con-
nected.

e. MONITOR Meter. The MONITOR meter
is located in the upper left corner of the con-
trol panel. After the minimum meter reading
js determined, the responder instructs the
measurer to rotate his instrument in azimuth
to also determine a minimum meter reading.
In the TALK mode, the meter deflection is pro-
portional to voltages in the ecircuits being
monitored.

f. MONITOR Switch. The MONITOR switch
is a seven-position switch located just below the
MONITOR meter. The switch positions and the
circuits monitored are listed below.

Switch position Circuit monitored

OVEN Oven heater current

RF Mixer crystal current
AFC Output of AFC amplifier
SIG Sample of AGC voltage
—12 —12 volt supply

+12 412 volt supply

DC IN DC input voltage

¢g. FREQUENCY Control. The FREQUEN-
CY control is in the center of the top row of
controls on the control panel, This control is
used to tune one instrument to the frequency
of the other instrument.

h. HIGH-LOW Switch. The HIGH-LOW
switeh is located below and to the right of the
FREQUENCY control. It is controlled only by
the responder unit. In the HIGH position, fre-
quency tuning is attained when the responder
frequency is about two units higher than that
of the measurer. In the LOW position, fre-
quency tuning is attained when the responder
frequency is about two units lower than that
of the measurer.

i. CHANNEL Switch. The CHANNEL
switch is located in the upper right-hand cor-
ner of the control panel. This switch is used to
select the measurer or responder mode of opera-
tion. Those positions marked “M”’ allow the unit
to operate in the MEASURE mode, and those
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positions marked “R” allow the unit te operate
in the responder mede. There are six channels
in either mode which are used to resolve each
digit of the distance being measured.

j. COUNTER Dial., The COUNTER dial is
located near the center of the control panel. The
COUNTER dial has a range of 000 to 999. The
COUNTER dial is geared to the COUNTER
control,

k. COUNTER Control. The COUNTER con-
trol is located to the right of the COUNTER
dial. This controi is geared to both the COUN-
TER dial and the resolver. During measure-
ments the COUNTER knob is rotated clockwise
until the MONITOR meter needle also moves in
a clockwise direction and is nulled (rests at
zero). The value which appears on the COUN-
TER dial is then extracted as observed field
data.

127. Setting-Up Procedure

The procedures for setting up the DME are
as follows:

a. Before going into the field, determine—

{1) The time at which contact will be es-
tablished.

{2) Which operator will initially be the
measurer.

(3) The approximate locations of the sta-
tions and the direction toward each
other.

b. Place the tripod over the station with one
triped leg pointing to the station at the other
end of the line to be measured. This is im-
portant because the front leg will be used later
to elevate the instrument through a vertical
angle during the orienting procedure. A plumb
bob should be used to center the triped approxi-
mately, but exact plumbing is unnecessary at
this time, since the instrument will be moved
slightly during orientation.

¢. Remove the instrument from its case and
place it on the tripod head. Thread the tripod
serew into the base of the instrument. Do not
tighten the screw completely. Point the dipole
in the approximate direction of the opposite
unit. In windy weather, the DME should be
tied down so that it will not be blown over and
damaged.
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d. Remove the control panel cover and the
antenna cover.

e, Set the controls and switches in the fol-
lowing positions:

Controls Measgurer Responder
ON-OFF-STANDBY switech. OFF_______ OFF
MONITOR switch__________| OVEN. ____ _OVEN
MEASURE-TALK switch___TALK______ TALK
HIGH-LOW switch_________ HIGH_ _____. HIGH
CHANNEL switch_________ M6 ________ R6
FREQUENCY control___.___ i 3
VOLUME control __________ Clockwise___Clockwise
ILLUMINATION control .__ Clockwise, as Clockwise, as

required. required.

f. Select the power cable or connector suit-
able for the power source being used:

Power asource Cable or connector

12V DC internal battery_______________| Connector
12V DC external battery______________| 6-ft cable
24V DC external battery_____.________ 25-ft cable

Note. The connector is an accessory device which routes eurrent
from the internal battery to the circuitry of the instruments.

g. Connect the power cable or connector to
the EXTERNAL DC INPUT receptacle on the
control panel. If an external source is to be
used, connect the power cable clips to the power
source. Connect the clip with the black insulator
to the negative terminal of the power source
and the clip with the red insulator to the posi-
tive terminal of the power source.

Note. A chassis ground terminal is provided on the
control panel. Under normal usage, no connection is
required.

h. Connect the headset plug to the HEAD-
SET receptacle on the control panel,

i. Set the ON-OFF-STANDBY switch to
STANDBY. The unit must remain in the
STANDBY mode at least 2 minutes in moderate
weather, and up to 15 minutes in extreme cold
weather, to allow the erystal oven heaters in the
oven boost cycle to warm to the proper operat-
ing temperature. When a 12-volt battery is be-
ing used, the MONITOR needle initially rests
at the extreme left, beyond the 10 graduation;
completion of the boost cycle is indicated when
the needle drops abruptly to 8. When a 24-volt
battery is being used, the MONITOR needle in-
itially rests at the 8 graduation; completion of
the boost cycle is indicated when the needle
drops abruptly to 4.

Note. Only the monitor functions OVEN and DC IN
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can be checked while the unit is in the STANDBY
mode.

4. After the oven boost cycle has been com-
pleted, set the ON-OFF-STANDBY switch to
ON. Rotate the MONITOR switch through the
RF, —12, +12, and DC IN positions and ob-
serve the MONITOR meter readings. The meter
readings should be as follows:

Pogition Required meter reading
Bili_ S SN S Between +4-3 and 4-10
o= 12 TN SR SN . +10
B e B +10
DC ITN___"SEES _S. +10

k. Adjust the VOLUME control until back-
ground noise is audible in the headset.

128. Tuning Procedures

The instrument tuning procedures follow the
setting-up procedures and must be completed
prior to making a measurement. Contact be-
tween the two stations is achieved when the
antennas of both units are directed toward each
other and the panel controls are set properly.
Contact can be established at more than one
FREQUENCY control setting. False indica-
tions are more probable at shorter distances.
The remote operator should search for the
strongest SIG indication (lowest reading on the
MONITOR meter) in order to eliminate all
false indications. After the instrument has been
set up (para 127)—

a, Set the MONITOR switch to the SIG posi-
tion on both units,

b. (Responder only.) At the predetermined
time, rotate the FREQUENCY control approxi-
mately one division each way while observing
the MONITOR meter and listening to the head-
set. Contact with the other unit will be indi-
cated by a simultaneous decrease in the meter
readings and a decrease in the background noise
in the headset. At this time, voice communica-
tion is possible.

¢. (Responder only.) Set the MONITOR
switch to the AFC position. Null the meter at
zero, midscale, by rotating the FREQUENCY
control slowly clockwise if the meter reads to
the left or counterclockwise if the meter reads
to the right of zero. If contact is lost, repeat the
steps in a through c.
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d. (Responder only.) Set the MONITOR
switch to SIG and slowly rotate the instrument
in azimuth for the strongest signal (minimum
meter reading). When the minimum reading
has been obtained, instruct the measurer to
slowly rotate his instrument in azimuth for the
strongest signal strength.

e. (Responder only.) Slowly rotate the in-
strument in elevation by adjusting the forward
tripod leg for a minimum reading (strongest
signal) on the MONITOR meter. Instruct the
measurer to slowly move his instrument in ele-
vation until he receives the strongest signal.

f. At this time, the plumb bob on the tripod
may be off the station peint. Loosen the tripod
screw and reposition the plumb bob by slowly
moving the instrument; then retighten the
screw.,

g. All operations necessary for contact be-
tween stations are now accomplished. If contact
is lost, responder is responsible for reestablish-
ing contact with the measurer. To reestablish
contact, the responder readjusts the FRE-
QUENCY control and repeats the steps in b and
¢ above,

h. If contact is not established after the pro-
cedure in a through e above has been executed,
follow the steps in (1) through (3) below.

(1) (Responder only.) Rotate the instru-
ment in azimuth approximately 100
mils and repeat the steps in b through
f above,

(2) (Responder only.) Repeat the step in
(1) above until contact is established
or until the instrument has been
moved plus and minus 800 mils (45°)
in azimuth from the initial direction.
Return the instrument to the original
azimuth,

(3) If contact has not been established
within 20 minutes after the predeter-
mined contact time, the measurer
should follow the steps in (1) and (2)
above. While the measurer is chang-
ing the direction of the antenna, the
responder should continue searching
in FREQUENCY.

AGO 10006A
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129. Measuring Procedure

A DME measurement congists of two com-
plete sets of readings in both the forward and
reverse directions. In the forward direction,
frequencies 1 and b5, with the responder’s
HIGH-LOW switch in the HIGH position, are
used, respectively, for the two sets. In the re-
verse direction, frequencies 5 and 9, with the
responder’s HIGH-LOW switch in the LOW
position are used. If communication is lost at
any time during measurements, the responder
is responsible for reestablishing contact, not the
measurer.

a. (Responder.) After establishing commu-
nication, inform the measurer by announcing
MEASURE.

b. (Both operators.) Set the MEASURE-
TALK switch to the MEASURE position, Lis-
ten for a tone in the headset. This is the meas-
uring tone, and it should always be audible
when the instrument is operating properly.

e. (Measurer.) Rotate the COUNTER knob
clockwise until the MONITOR meter needle also
moves clockwise. Stop the needle at zero. This is
called nulling the meter. If the needle moves
counterclockwise, the reading obtained on the
COUNTER dial will be 500 units in error.

d. (Measurer.) Read the COUNTER dial and
announce its value to the recorder.

e. (Measurer.) Switch the CHANNEL
switch to Mb5. This will eliminate the measure
tone and cause the responder’s MONITOR
meter needle to deflect.

f. (Responder.) Upon hearing the loss of
tone, switch the CHANNEL switch to Rb.

¢. (Measurer.) Repeat ¢, d, and e above.

k. (Measurer to responder.) Repeat ¢
through f above for the remaining channels,
M4 and R4 through M1 and R1.

i. (Measurer.) After recording the M1 read-
ing, switch the MEASURE-TALK switch to
TALK and announce FREQUENCY 5. This in-
dicates that the measurer will change his fre-
quency to 5.

4. (Measurer.) Set the FREQUENCY con-
trol to 5 and the CHANNEL switch to M6.
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k. {Responder.) Set the CHANNEL switch
to R6 and repeat the tuning procedure in b and
¢ above,

I. (Measurer and responder.) Repeat a
through i above to obtain another set of read-
ings.

Note. The modes of operation will now be reversed;

that is, the measurer will become the responder and the
responder will become the measurer.

m. {Measurer.) Set the CHANNEL switch
to R6 and the HIGH-LOW switch to LOW.,

7. {Responder.) Set the CHANNEL switch
{0 M6 and the FREQUENCY control to 5.

0. {New measurer and responder.) Repeat o
through ¢ above to obtain the first set of read-
ings in the opposite direction.

p. (New measurer and responder.) Repeat a
through 7 above to obtain the second set of
readings in the opposite direction, but use fre-
quency 9.

Note. This completes two sets in each direction,

130. Computing a DME Distance
Measurement

DME distance measurements are normally
computed at the station acting as the measurer.
The reverse distanee is obtained from the oppo-
site station after measurement, and both sta-
tions compute the final sea level distance before
party personnel depart for subsequent survey
operations. This permits the verification of the
distance determined by map scaling and the
resolution of ambiguous readings if they occur.
Figure 25 illustrates the recording of readings
on DA Form 2972 (Field Record and Computa-
tions—DME) and is used as a reference for the
discussions on computations in paragraphs 131
through 138.

131. DME Form (Block |)

Block I is used to record all station informa-
tion and elevations determined by altimetry. In
space A, the instrument number, operator’s
name, and height of the station in meters (if
altimetry is used) refer to the measurer sta-
tion. The same data in space B refers to the re-
sponder station. On the right side of block I,
spaces are provided for listing weather condi-
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tions and the name of the recorder at the meas-
uring station.

132. Initial Readings (Block )

Block II is provided for recording counter
readings observed in each of the channels M6
through M1, at frequency 1. In addition, space
is provided for recording the differences M6
minus M1 through M2 minus M1, Since the op-
erator begins observations in channel M6 and
selects the next lower channel for each suc-
ceeding ohservation, the readings will be en-
tered from left to right, M6 through M2. The
M1 reading is then subtracted from each of the
other readings. In some cases the M1 reading
will be larger than the other channel reading
from which it is to be subtracted. For example,
the difference M5 minus M1 equals 093 minus
413 (fig. 25). If the M1 reading is larger than
the channel reading from which it is to be sub-
tracted, 1,000 is added to the smaller number
before subtracting in the normal manner
(1,093 — 413 = 680).

133. Final Readings (Block IlI)

@¢. The second set of readings taken in a
given direction are recorded in block III and re-
ferred to as final readings. The first three lines
are used exactly as those in bloek II. The dif-
ferences obtained in block II are then trans-
ferred to block III. The initial and final dif-
ferences are added and the sum is divided by
2 to obtain the mean difference.

b. In the remaining row of spaces in block
III, the uncorrected resolved distance is en-
tered. This entry requires a process of resolu-
tion, as follows:

(1) Accept the mean M2 minus M1 dif-
ference and enter it in the last three
spaces of the resolved distance. The
entry thus far is referred to as a par-
tial resolved distance (fig. 25).

(2) Add 50 to and subtract 50 from the
next channel difference, M3 minus M1.
In figure 25, this is 487 plus and
minus 50 = 537 and 437.

(3) Find a number between 537 and 437
which ends in the first two digits of
the partial resolved distance. In figure
25, the partial resolved distance is 126
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g FIELD RECORD AND COMPUTATLONS-DME
) BLOCK I-STATION DATA
Station Inst, No, Operator :;;3‘,‘; weather: CLEAR BRIGHT
A HARR\Y 431 SP4 KLINE| 452 Recorder: OSP4 LAWSON
B CHARLI!E 446 SP4BLAIR| 439 Vertical Angle (if measured) ‘
\ Height diffecence |3 N I!,————,
BLOCK II-INTTIAL READINGS BLOCK IV-VERTICAL ANGLE
Frequency M6 M5 M4 M3 M2
754 | 093 | 486|899 |537 o or i
wnus g | 413 (413 [413]413 (413 N
ﬁ;géme 34| |680|073|486 | 124 ftorizontal distance (meters)
ALOCK III LFINAL READINGS 1 |Difference height meters 13'0
Frequency M6 M5 M 3 e 2 [Log (1) I 1113|9434
764 /095 (494 |903 [543 | |iog nean siope dtstancequsn 4 1568801 i
Minus My 415/ 415|415 {415 | 415 |4 |@)-0) Log sin vertical angle 6 15451423
Difference 349 6 80 079 4 88 |2 8 5 |Vertical gngle_[l_og sin (4)] 0’ OOO 36
Difterance |34] [680|073 |486 [ 124 | wors: pirections for resoiving che
bercerences 1690 [1360]152 [974 [252 S ol iR
g:;;e:efme 34 680|076 (487|126
Resolved distance (See note) 3 l 7/0[5]1]2]|6 BLOCK ¥V - SEA LEVEL DISTANCE METERS
Caiibration constant b =T ] eloac dterance civ-3 | 4568801 |
Slope distance A to B 3(7[0]|5]|I]l|O 2 |Log cos vertical angle (I}, 0 |000 0000
Reverse slope distance Btoa| O ¢ [O| S| V1] 1213 |1)002) = Log horizontal distance | 4 |568 801 |
Mean slope distance (wetera)| 3|71 O[] V| 11 )4 |10y aeq tevel coeticion: on |9 9999|9659
BLOCK VI - SEA LEVEL COEFFICIENT (3)+(4) = log sea level distance | 4 1968|7670
Use height of station or mean height between Ses level distance - meters
_atagions to meters b (If necessary)
Height :bog sea level |[[Height |Log sea level [[Height !Log sea level [[Height | Log sea levell| Height , Log sea level
| meters coefficient meters ' coefficient [|lmeters coefficient eters ! coefficient meters ! coefficie
-100 _ [0.0000068 500 9.9999659 1300 9.9999112 2100 9,9998566 2900 | 9.9998020
- 50 lo.0000034 600 9.9999590 1400 9,9999044 2200 9.9998498 3006 | 9.9997951
oo | 0.0000000 700 9.9999522 1500 9.9998976 2300 9.9998429 3100 | 9.9997883
50 19,9999966 800 9.,9999453 1600 | 9.9998908 2400 9,9998361 3200 | 9.9997815
100 [9,9999931 900 9.9999386 1700 9,9998839 2500 9.,9998292 3300 | 9.9997747
200 |9.9999863 1000 9,9999317 1800 9,9998770 2600 9.9998225 3400 | 9.9997678
300 |9.9999795 1100 9.9999249 1900 9,9998703 2700 9.9998156 3500 | 9.9997609
| 400 _ ]9.9999727 1200 9,9999181 2000 9,9998634 2800 9,9998088 3500 | 9,9997542
C:ompul:ersp5 CLIFTON Checker SP5 BURK I—Sheet i ot 2 sheets
| Notzb::l:e Area APACHE GATE - lDateal NOV 64
DA/ .2972
Figure 25. DA Form 2972, Field Record and Computations—DME.
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and its first two digits are 12. The
only number between 537 and 437 end-
ing in 12 1s 512. This is the resolved
channe] difference.

(4) Prefix the first digit of the resolved
channel difference to the partial re-
solved distance to obtain a new partial
resolved distance.

{b) Repeat this process for all succeeding
channel differences, using the pre-
viously determined new partial re-
solved distance with each. Resolution
of all channe! differences provides the
uncerrected slope distance.

¢. The electronic distance does not coincide
with the distance between stations, thus, a
small correction must be applied to find the
true slope distance. The correction constant is
always minus 0.16 meter.

d. The slope distance measured in the op-
posite direction at the other end of the line
iz entered on the next line, and the mean of
the forward and reverse distances is entered on
the following line,

134. Determining the Vertical Angle
Between Stations

a. In block III the slope distance was deter-
mined; however, horizontal distance is required
for artillery survey. Therefore, the slope dis-
tance must be converted to herizontal distance.
In order to accomplish the conversion, the ver-
tical angle from station A to station B must
be determined. The slope distance is consid-
ered to be the hypotenuse of a right triangle.
The horizontal distance may be computed by
using the slope distance and the vertical angle
or the slope distance and the difference in
height (block IV).

b. When the vertical angle is measured, it is
entered in block I and on line 5 in block IV.
The vertical angle should be measured recipro-
cally or corrected for curvature when a long
distance is being measured. The vertical angle
may he expressed in mils or degrees, minutes,
and seconds, depending on the type of theodo-
lite used to make the measurement.

e. If the vertical angle is not measured, it
must be computed by using the slope distance
and the difference in height. The difference in
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height is obtained from block 1. The heights of
stations A and B are entered in block I. These
heights are obtained from known data or de-
termined with the altimeter (chap 11).

135. Reducing the Distance Measured From
Slope Distance to Horizonta! Distance
to Sea Level Distance

a. The slope distance is reduced to sea level
distance by computations, using the mean slope
distance, vertical angle, and sea level coefficient.
The computations are made by following the
step-by-step instructions in block V.

b. The instructions for the use of the sea
level coefficient are given in block VI.

¢. The computations on the field record and
computations form end with sea level distance.
To carry the computations 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 con-
vert to universal transverse mercator grid dis-
tance.

136. Personnel Requirements

The composition of the survey party and the
duties of the personnel for the DME traverse
are the same as those for the Tellurometer
traverse {(para 118),

137. DME Traverse

The principles of conducting a traverse with
the DME are the same as those for conducting
a traverse with the Tellurometer (para 119).

138. Trilateration

The DME is used in trilateration in the
same manner as the Tellurometer (para 120).

139. Care and Maintenance of the DME

The operator's manual for the DME clearly
defines the extent of care and the maintenance
responsibilities from the operator to the high-
est maintenance category. The operator should
consult this manual regulariy while perform-
ing his maintenance. Muaintenance -experi-
mentation by operating personnel is prohibited.
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140. Troubleshooting

Cperators are not permitted to make any
repairs on the DME, but they must be able to

Sympiom

No DC IN meter
reading.

Blows fuse

Any improper meter
reading.

AFC cannot be nulled.__
No output from headset

No tone in measure .___

Difficulty in estahblish-
ing communications.

Resolved distance is
obviously in error
(i.e., the measured
distance is much less,
or greater, than the
known approximate
distance}.

AGO 10005A

recognize symptoms of malfunction or faulty

operation. A list of symptoms, possible causes,

Possible cause

Power cable is not firmly connected. Cable
clamps are not making contact at bat-
tery terminals because of surface cor-
roston or foreign matter.

Dead battery

Connector is not attached (when internal
battery is used).

Connector is not seeurely attached ______

Cable eircuitry is incomplete

ON-OFF-STANDBY switch was switched
to ON position before completion of
oven hoost eycle.

Cable connections to battery are reversed
{wrong polarity).

24-volt battery is econnected to 12-voit eable

HIGH-LOW switch is in wrong position . _

Headset unpiugged
Headset plug is not seated properly ______

Defective headset __./_____ | i, >

TALK-MEASURE switch is in TALK
position.
Channel switch is in wrong position ____._

Antenna cover has not been removed

M2 and M1 readings have been reversed
or an M2 has been repeated as M1 when
responder failed to switch from M2 to
Mi1.

Readings were entered in reverse order ___

and corrective actions that do not constitute
repairs is given helow,

Corrective action

Check eable to see that it is secure. Rotate
clamps slightly so that terminal is
seratched slightly for hetter contact.

Change battery.
Attach connector.

Check to gsee that connector is screwed com-
pletely on and is not crooked,

If, or when available, use a cable which has
been recently used and is known to be
good.

Replace fuse and wait for completion
of oven cycle before switching from
STANDBY to ON.

Check polarity. Change if reversed and re-
place fuse,

Connect proper cable,

Check DC IN and if faulty refer to possible
causes for “No DC IN meter reading.”
Set HIGH-LOW switch to proper position.

Plug in headset.

Check headset plug to see that it is not
crooked and that it is firmly engaged.
Try a headset which has been used recently

and is known to be good.

Switch to MEASURE,

Set switch to proper channel.
Remove antenna cover.

Contact responder and check M2 and M1
readings.

Contact responder and check readings.

&7



WWW.SURVIVALEBOOKS.COM

CHAPTER 7
ANGLE DETERMINATION

Section |.

141, General

The field notes of a survey should contain a
complete record of all measurements made dur-
ing the progress of the survey, with sketches,
descriptions, and remarks made where neces-
sary to clarify the notes. The best survey field-
work is of little value if the notes are not ae-
curate, legible, and complete. The notes are the
only record of the fieldwork that is available
after the survey is finished.

142, Field Notebook

The field notebook (DA Form 5-72) is a
hardback, permanently bound book for record-
ing measurements as they are made in the
field. Attached to the flyleaf inside the front
of the book are instructions for its return if

DEPARTMENT OF THE ARMY
CORPS OF ENGINEERS

LEVEL, TRANSIT AND GENERAL SURVEY
RECORD BOOK

TZHOW BV 12 AT Y

LOCALITY

ADVANCED UNI T 7RAININ G

PROJECT

800K _L OF i
A2 ML THEQDOL/TE776) a8 2380

INSTRUMENT -

SLC L, BROWN

CHIEF QF PARTY

Figure 26, Example of data placed on flyleaf of field
notebook.
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lost. The flyleaf contains space for the identi-

fication of the notebook (fig. 26). Each set of
facing pages inside the notshook comprises one
numbered page. The page number appears in
the upper right corner. The first two num-
bered pages should be reserved for the index
that is maintained as field data entries are
made in the notebook (fig. 27).

143. Forms of Recording

a. Field note recording consists of a combina-
tion of tabulation of data, sketches, and de-
gcriptions, so that the total information in the
field notebook provides a clear and under-
standable picture of the survey work per-
formed. This information should inciude
descriptions of the starting and closing sta-
tions, the area or locality in which the work
is performed, the nature and purpose of the
work, and weather or other conditions that
may be factors in evaluating the results. The
information in the field notes should be com-
plete to the extent that anyone not familiar
with the particular survey operation can take
the notebook, return to the locality, and re-
cover or reconstruct any portion of the field-
work.

b. Tabulation of data in the field notebook is
the recording of the measured data in columns
according to a prescribed plan. Sufficient
spaces are also provided to permit entry of
mean values.

¢. Sketches should be used when needed to-
assist in clarifying field notes. The sketches
may be drawn to an approximate scale, or im-
portant details may be exaggerated for clarity.
A nofation should be included to indicate grid
north. Normally, a sketch of the locality, show- _
ing the general survey plan, should provide suf-
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DESIGNATION LN DEX DATE 19,68

PRGE | PATE | Ti7eF e | porE | Tires
/ - Zndex
2 — Tndex Chn trnuted
= 785 e | Positran flree Suropy

‘ # 76 UL | Pax tion [Area Surdey
= 17 SV | Psitrin Fren Surdey
& IF S | Conmacidibn Survey
7 1P Sl | Suun Lhrkrontseme Wihtade Hathodt
L4 Fo SUL | Connsptprn Serod
7 20 i | Friangallatoen

/* 22 SOL | T Dbdervatcen. AR Fude e tbod
i 23U | Star Dbsproatien. Hemr Hoagle|Hebhod
L P JUL | Traversq
/3 25 S| Fridngatplina

’ AT S | Trramgmiatian Cclnt )

e 26008 | Sun Phshovart reiv | B1E inde 130 thod
/é 27 s | Star Cklervateei. Wonr Pnell Hoth-A
174 AP UL | Smulheharns DI Haster

vid 2F UL | Tt takcons Zhst. Flank

Figure 27. Example of the index of the field notebook,

ficient information to recover or reconstruct
the fieldwork when the sketch is used in con-
junction with the description of the starting
and closing stations. Sketches are also used
when necessary to indicate survey signal
heights and points sighted upon other than in-
strument height when observing vertical angles.
A small straightedge and a protractor should
be used as aids in making the sketch. The
sketeh should be legible, should be drawn clearly
and large enough to be understandable,

d. Descriptions should be used to supplement
the information provided in the tabulated data
and sketches, Descriptions normally will iden-
tify the area in which the fieldwork is per-
formed and provide a description of the start-
ing and closing stations and any other informa-
tion that is required to make a complete record
of the fieldwork, Remarks may be made to
clarify measurements, weather and observing

AGO 10005A

conditions, and any other facters that could be
of significance.

144, Recording

a. Each numbered page of the field notebook
(fig. 28) provides space for recording data and
information pertinent to the survey. The type
of survey, the date, the weather conditions, the
type and serial number of the instrument, the
names of the party personnel, and similar in-
formation are entered across the top of the
page. The left half of the page is used for
recording measured data, and the right half
below the double line, is used for remarks,
sketches, and descriptions.

b. All entries in the field notebook should be
printed in a neat and legible manner with a
sharp, hard-lead pencil (3H or harder), with
enough pressure to indent the paper and insure
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DATE 19,

DESIGNATION

Hecard | af

Meaturel PDatfa

Des c.rp-f f‘/'n’v f

Skadch

Figure 28. Page of field notebook.

a permanent record, Numerals and decimal
points should be legible and distinet so that
only one interpretation of the data is possible.
The recorder accompanies the instrument op-
erator and records the data in the field note-
book as it is announced to him; he then reads
it back to insure the correctness of the data.
Field data are entered directly in the netebook
and not on scraps of paper for later transcrip-
tion, As the field data entries are made in the
notebook, the recorder computes and records
mean values and, for ease of identification, en-
circles the data that iz to be furnished to the
computers as they request it, Station descrip-
tions, sketches, and any necessary remarks are
entered in the notebook as time permits during
the progress of survey operations. To minimize
recording errors, the chief of party should

70

check all entries and initial each numbered
page. Data pertaining to different survey opera-
tions should not be recorded on the same page.

¢. Erasures are not permitted in the field
notebook, When incorrect data has been entered
in the notebook, it is corrected by drawing a
single line through the incorrect data and en-
tering the correct data immediately above the
incorrect data. When a page is filled with data
that will not be used because of a change in
plans, ete., the page is crossed out by drawing
diagonal lines between opposite corners of the
page and printing the word VOID in large lei-
ters across the page.

d. The format for recording field data is il-
lustrated in the chapters in which the various
instruments and survey methods are discussed.
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Section Il. AIMING CIRCLE M2

145. General Description

The aiming circle M2 (fig. 29) is a small,
lightweight instrument that is used in the firing
battery and in artillery survey operations exe-
cuted to an accuracy of 1:500. Basically, it con-
sists of a low-power, fixed-focus telescope
mounted on a body that permits unlimited hori-
zontal and limited vertical rotation of the tele-
scope, Horizontal and vertical angle measure-

LAMP HOLDER
AND REMOVER

CANVAS
COVER

ments are recorded on graduated scales and
micrometers. The aiming cirele has two hori-
zontal rotating motions. The upper (recording)
motion changes the readings of the azimuth
scales of the instrument; the lower (nonrecord-
ing) motion does not, The aiming circle is
equipped with leveling screws, level vials, and a
magnetic compass. The instrument is mounted
on a base plate that serves as the base .of the

INSTRUMENT
LIGHT

- COVER FOR
\ \ AIMING CIRCLE

\l RA PD 22,2958

Figure 29. Aiming circle with accessory equipmient.
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carrying case and is also used in mounting the
instrument on a tripod. The aiming circle M2
consists of the aiming circle body and the ac-
cessory equipment, The aiming circle without
accessory equipment (para 147) weighs 8
pounds 2 ounces and with accessory equipment
weighs 22 pounds,

146. Aiming Circle Body

The aiming circle body is made up of four
principal parts--the telescope body assembly,

WWW.SURVIVALEBOOKS.COM

the body assembly, the worm housing, and the
base plate assembly (fig. 30).

a. Telescope Body Assembly. The telescope
body assembly consists of the optical system,
the vertical level vial, the reflector, and a filter
for solar observations,

(1) Optical system. A 4-power, fixed-focus
telescope forms the optical system of
the aiming circle. The telescope reticle
is formed by a glass etched with a

FOUR MAJOR PARTS OF THE
AIMING CIRCLE BODY

wor AR,

HOUSING

BASE ™
PLATE
ASSEMBLY

Py

Figure 80. Cutaway drawing of aiming circle showing composite parts.
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8O —
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80 70 60 50 40 3020 IO | —~

Figure 31, Telescope reticle,

horizontal and a vertical crossline in-
tersecting at the center of the tele-
scope. These crosslines are graduated
at 5-mil intervals from the center. The
graduations range from 0 to 85 mils
and are numbered every 10 mils (fig.

« NEUTRAL FILTE]
[STORED POSITION)

OBJECTIVE

-LOCKING LEVER FOR__
COMPASS NEEDLE ~——%

ELEVATION KNOB
ELEVATION MICROMETER

(2)

(3)

SLOT FORINSTRUMENT LIGHT
TUBULAR LEVEL.
CIRCULAR LEVEL

31). These graduations are used to
measure relatively small horizontal
and vertical deviations from a refer-
ence line (e.g., in a high-burst regis-

60 — tration). The telescope eyepiece (fig.
32 - 32) is inclined upward at an angle of
30 = 45° from the axis of the telescope to
_—— permit the observer to look down into

—| 0 20 30,40 5060 70 BO the telescope while standing erect. Lo-

cated on top of the inclined portion of
the teleseope is a machined slot for at-
taching the instrument light. The ob-
jective end of the telescope is beveled
to form a permanent sunshade.

Teleseope level vial. The telescope level
vial ig located on the left side of the
telescope. This level is used to estab-
lish the horizontal axis of the telescope
in a frue herizontal plare. The lugs
supporting the telescope level vial are
shaped to form an open sight for ap-
proximate alinement of the telescope
on a station, The telescope level is not
used in artillery survey.

Reflector, The reflector is a plastie
signal post mounted on top of the tele-
scope at the vertical aXis of the instru-
ment, The reflector is used as an aim-

& ELEVATION SCALE -

~NEUTRAL FETER
(STORED POSITION)

-~ MAGNIFIER
__-AZIMUTH MICROMETER

Figure 2. Aiming Circle M3,
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(4)

ing point for other instruments sight-
ing on the aiming circle M2. At night
the reflector can be illuminated exter-
nally by use of the instrument light.

Filter, A filter is provided for viewing
the sun directly when astronomic ob-
servations are being made. The filter
is slipped onto the eyepiece end of the
telescope when the sun is being ob-
served and is attached to the side of
the telescope body when not in uge.

b. Body Assembly. The body assembly con-

sists of the azimuth and elevation worm
mechanisms; the magnetie compass, with reti-
cle and needle actuating lever; and two hori-
zontal plate levels.
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(1)

(2)

Azimuth wmechanism. The azimuth
mechanism {upper motion) of the in-
strument has both a fast and a slow
motion. Lateral movement of the azi-
muth knob permits fast motion. Hori-
zontal 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 azimuth
micrometer. The azimuth scale is
graduated in 100-mil increments from
0 to 6,400 mils and is numbered every
200 mils. The portion of the azimuth
scale from 3,200 mils through 6,400
milg has a second scale numbered in
red from 0 to 3,200 below the primary
scale. The graduations of the primary
{(upper) scale are used for survey. The
second (lower) scale is used for laying
the weapons of the firing battery. This
lower scale is not used in survey. The
azimuth micrometer scale is located on
the azimuth knob, It is graduated in
1-mil increments from 0 to 100 mils
and is numbered every 10 mils,

Elevation mechanism. The elevation
mechanism of the aiming cirele is
similar to the azimuth slow motion
mechanism. Stop rings in the mech-
anism prevent the telescope from
striking the body assembly when it is
depressed. Vertical angles from mi-
nus 440 mils to plus 805 mils can be
measured with the aiming circle. Ver-

(3)

(4)

tical 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 in 100-mil
increments from minus 400 mils to
plus 800 mils. The plus and minus
symbols are not shown, but the minus
numerals are printed in red and the
plus numerals are printed in black.
The elevation micrometer scale is
graduated in 1-mil increments from 0
to 100 mils. The secales are numbered
every 10 mils from left to right in
black numerals and from right to left
in red numerals. The red numerals en
the elevation micrometer scale are
used in conjunction with the red nu-
merals on the elevation scale, The
black numerals on the micrometer
scale are used with the black numerals
on the elevation seale.

Magnetic compass. The magnetic com-
pass is located in the oblong recess in
the top of the hody assembly. The
magnetic needle is limited in move-
ment to approximately 11° of arc and
is provided with copper dampers fo
aid in settling the needle quickly. A
small glass magnifier and a reticle
with three vertical etched lines are at
one end of the recess to aid in alining
the south end of the needle. On the op-
posite end of the recess is a 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 either right or left
to the horizontal position, the needle
is unlocked.

Horizontal plate levels. Located on the
bedy assembly at the left side of the
magnetic needle recess are two hori-
zontal plate levels; one is a circular
level vial that may be used for rough
leveling of the instrument, the other is
a tubular level vial that is used to ac-
curately level the instrument.

¢. Worm Housing. The worm housing is that
portion of the aiming circle below the azimuth
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HAND
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CANVAS COVER

Figure 88. Accessory kit

scale and above the base plate, It contains the
worm gear of the orienting (lower or nonre-
cording) motion, the leveling serews, and the
spring plate. The orienting knob controlling the
nonrecording motion of the aiming circle is
similar in operation to the azimuth (recording)
motion of the aiming eirele in that lateral move-
ment of one orienting knob permits fast move-
ment in the orienting motion of the aiming
circle, The two orienting knobs should be used
simultaneously for slow movement of the ori-
enting motion. Caps are provided for the
orienting knobs to preclude use of the orienting

AGO 1Q006A

motion by mistake. Each of the three leveling
screws I3 fitted into a threaded socket in the
worm housing and attached to the base plate by
means of the spring plate.

d. Base Plate Assembly. The base plate as-
sembly is the base of the instrument when it
is mounted on the tripod and it also serves as
the base of the earrying case. It is a flat eircu-
lar plate to which the instrument is attached by
the spring plate. A rectangular shaped notation
pad is located on the base plate and is used for
recording the declination constant and the ver-
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tical angle correction. An instrument-fixing
gcrew is threaded into a socket on the underside
of the base plate assembly to attach the instru-
ment to the tripod. The socket is kept clean and
free of obstructions by a spring-loaded cover
that remains closed when the instrument is not
attached to the tripod. The base plate is fitted
with a rubber gasket that makes a watertight
seal when the cover is latched to it.

147. Aiming Circle Accessory Equipment

The accessory equipment for the aiming cir-
cle consists of the tripod, the carrying case
cover, and the accessory kit. The aceessory kit
(fig. 233) contains the instrument light, plumb
bob, lampholder and remover, and backplate
and canvas cover.

@&. Tripod. The tripod (fig. 29) has three tele-
scoping legs, an aluminum head and cover, and
a carrying strap. The legs are adjusted for
length and held in place by means of leg clamp
wing screws. 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. A strap
holds the legs together in the retracted position.
An adjustable strap is provided for carrying
the tripod when the legs are retracted and
strapped together.

b. Backplate and Cover. The backplate and
cover (fig. 33) serves as the carrying case for
the instrument light, plumb bob, and lamp-
holder and remover. It is fastened to one of the
tripod legs by two clamps.

¢. Instrument Light. The instrument light
consists of a battery tube containing two flash-
light batteries and two flexible cords. One of
these cords carries the current to the telescope
through a lamp bracket assembly that fits into
a machined slot on top of the telescope assem-
bly. 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 light inten-
sity is regulated by a rheostat located on the
end of the battery tube. The battery tube is
fastened to the backplate by means of a clamp.

d. Plumb Bob. The plumb bob is suspended
from a hook in the instrument-fixing screw
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when it is used to aline the instrument over a
point on the ground. When the plumb bob is
not in use, it is stored in a loop in the canvas
cover of the accessory kit.

e. Lampholder and Remover. The lampholder
and remover is a small, rubber tubular acces-
sory in which spare lamp bulbs are stored; it
can also be used for removing burned out bulbs
from their sockets.

. Carrying Case Cover. The cover of the
carrying case is a lightweight dome-shaped
aluminum cover that can be clamped to the
base plate to provide a waterproof case for the
instrument. The cover is provided with a carry-
ing strap and two strong clamps for securing
the cover to the base plate.

148. Setting Up the Aiming Circle M2

a. Setting Up the Tripod. The procedure for
setting up the tripod is as follows:

(1) Upend the tripod and place the tripod
head on the toe of the shoe. Unbuckle
the restraining strap and secure the
strap around the leg to which it is
attached.

(2) Loosen the leg clamp wing serews and
extend the tripod legs to the desived
length. Tighten the leg clamp wing
SCrews.

(8) Turn the tripod to its upright position
and test the adjustment of each tri-
pod leg by elevating each leg, in turn,
to a horizontal position and then re-
leasing it. If the leg is properly ad-
justed, it should fall to about 45° and
stop. If it does not, the tripod leg
should be adjusted by tightening or
loosening the triped clamping nut.
The test should be repeated until suec-
cessful.

(4) Spread the legs and place the tripod
over the station to be occupied, with
one leg approximately bisecting the
angle(s) to be measured. The head of
the tripod should be set up at a height
which will place the telescope at a
convenient height for the operator.

(5) Insert the plug-in sleeve of the plumb
bob into the instrument-fixing screw
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(6)

(7)

and extend the plumb bob so that it
will hang about an inch above the sta-
tion. Center the tripod approximately
over the station.

Firmly embed the tripod legs, making
sure that the plumb pob is within one-
half inch (laterally) of being centered
over the station and that the tripod
head is approximately level when the
legs are embedded,

Remove the tripod head cover and se-
cure it to the tripod leg.

b. Attaching the Aiming Cirele to the Tripod.
To attach the aiming circle to the tripods open
the spring-loaded cover on the base plate and
thread the instrument-fixing screw into the
socket until the aiming cirele is firmly attached
to the tripod. Unsnap the aiming circle cover
latches, remove the cover, and hang it on the
tripod head cover.

¢. Plumbing and Leveling the Aiming Circle.
The procedure for plumbing and leveling the
aiming circle is as follows:

(1)

(2)

(3)

AGO 10005A

Loosen the fixing screw slightly and
carefully move the instrument around
on the head of the tripod until the
point of the plumb bob is centered
exactly over the station.

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

Caution: Excessive tightening of
the fixing screw will bend the slotted
arm and damage the tripod head.

Loosen the leveling screws to expose
sufficient threads (34" to 14”) on the
three serews to permit the instrument
to be leveled. Rotate the instrument
until the axis of the tubular level is
parallel to any two of the three level-
ing screws. Center the bubble by using
these two leveling screws. Grasp the
leveling screws hetween the thumb
and forefinger of each hand and turn
the screws simultaneously so that the
thumhbs of both hands move either
toward each other or away from each

4)

(5)

(6)

(T

(8)

(9)

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.

Rotate the instrument 1,600 mils; this
places one end of the plate level over
the third leveling screw. Using this
screw, center the bubble.

Return the instrument to the first
position ({3) above) and again center
the bubble.

Return the instrument to the second
position ((4) above) and again cen-
ter the bubble.

Repeat (5) and (6) above until the
bubble remains centered in both posi-
tions.

Rotate the instrument 3,200 mils
from the first position. If the bubble
remains centered in this position, ro-
tate the instrument 3,200 mils from
the second position. If the bubble re-
maing centered in this position, rotate
the instrument throughout 6,400 mils.
The bubble sheuld remain centered;
if it does, the instrument is level.

If the bubble is not centered when the
instrument is rotated 3,200 mils from
the first position ((8) above), the
level vial is out of adjustment. To
compensate, move the bubble halfway
back to the center of the level vial,
using the same leveling screws that
were used for the first position. Ro-
tate the instrument 3,200 mils from
the second position and move the bub-
ble 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 posi-
tion regardless of the direction in
which the instrument is peinted. The
level vial should be adjusted at the
first opportunity.

149.. Taking Down the Aiming Circle

The procedure for taking down the aiming
circle is as follows:
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a. Tighten the leveling screws to their stops.

b. Check to insure that the magnetic needle
is locked.

¢. Cover the level vials.

d. Place the azimuth knob over the notation
pad.

e. Unhook the plumb bob and replace it in
the backplate cover. Close the backplate cover.

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

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

h. Replace the tripod head cover.

i. Collapse the tripod legs and tighten the
wing screws.

j. Strap the triped legs together.

150. Measuring Horizontal Angles

In artillery survey, horizontal angles are
measured at the occupied station in a clock-
wise direction from the rear station to the for-
ward station. Pointings for horizontal angles
are always made to the lowest visible point at
the rear and forward stations. In sighting on a
station, the vertical crossline is placed so that
it bisects the station marker. When angles are
measured with the aiming circle, two repeti-
tions of the angle are taken and the accumu-
lated value is divided by 2 to determine the
mean value of the angle. The procedure for
measuring horizontal angles is as follows:

- @. Set up and level the aiming circle.
b. Zero the azimuth and micrometer scales.

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

d. Place the crossline exactly on the rear sta-
tion by using the lower slow motion. The last
motion coming onto the station should be from
left to right to reduce backlash due to the play
in the worm gear mechanism. Check the azi-
muth and micrometer scales to insure that they
are still at zero. Close the orienting knob
covers.

e. With the upper (recording) fast motion,
rotate the aiming circle to bring the crosslines
near the forward station, but keep them to
the left of the station.
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f. With the upper slow motion, bring the
crosslines exactly to the point, rotating the
instrument from left to right.

g. Read and record the value of the angle on
the azimuth and micrometer scales to the
nearest (0.5 mil.

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

i. Read and record the accumulated value of
two measurements of the angle to the nearest
0.5 mil.

j. Divide the accumulated value in i above by
2. If the accumulated value of the angle (i
above) is smaller than the first value (g above),
add 6,400 to the accumulated value before di-
viding by 2. The mean value determined should
agree with the first value within 0.5 mil; if not,
the angle must be remeasured.

151. Measuring Vertical Angles

The vertical angle to a point is measured
from the horizontal plane passing through the
horizontal axis of the telescope of the instru-
ment. The vertical angle is expressed as plus or
minus, depending on whether the point is above
(plus) or below (minus) the horizontal plane.
Usually, the vertical angle is measured each
time a horizontal angle is measured. Vertical
angles are measured twice, and the mean value
is determined. Vertical angles, if possible, are
measured to the height of instrument (HI) at
each forward station. The height of instrument
is determined by measurement on a ranging
pele. If the instrument operator consistently
sets the instrument up at approximately the
same height, then the same height of instru-
ment may be used throughout the fieldwork for
measuring vertical angles. The procedure for
measuring vertical angles is as follows:

a. Set up and level the aiming circle.

b. When the first measurement of the hori-
zontal angle is completed (para 150g), elevate
or depress the telescope to place the horizontal
crossline at the height of instrument on the
forward 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
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the red numerals are used, the vertical angle
is minus.

d. After the second measurement of the hori-
zontal angle is completed (para 150¢), measure
the vertical angle a second time.

e. Determine the mean vertical angle by add-
ing the first and second readings of the verti-
cal angle and dividing the sum by 2. The mean
vertical angle should agree with the first read-
ing within 0.5 mil.

152. Determining Vertical Angle Correction

To obtain correct measurements of vertical
angles with the aiming circle, the horizontal
axis of the telescope must lie in a true hori-
zontal plane when the elevation scale is at zero.
If it does not, a vertical angle correction (VAC)
must be determined and applied to each verti-
cal angle measured with the aiming circle. A
vertical angle correction is determined at the
same time that the declination constant is de-
termined. Two methods may be used to deter-
mine the vertical angle correction—the compar-
ison method and the alternate method.

a. Determination of Vertical Angle Correc-
tion by Comparison Method, The vertical angle
between two points is measured with the aiming
circle and compared with the correct vertical
angle between those points. The correct vertical
angle can be determined by measurement with
a theodolite or by computation, using the dis-
tance and difference in height between the
points, Whenever a declination station is estab-
lished, the vertical angle to each azimuth mark
should be determined so that the vertical angle
correction can be checked at the time the aim-
ing circle is declinated, The vertical angle cor-
rection is determined by the comparison meth-
od as follows:

(1) After determining the declination con-
stant, check 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 values to the nearest 0.5 mil.

(2) Verify the leve! of the instrument and
measure the vertical angle to each
azimuth mark a second time., Record
the values.

{8) Mean the vertical angles measured to
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each azimuth mark and compare the
mean of each with the corresponding
known vertical angle. Determine the
differences (=+). If the differences
agree within 1 mil of each other, de-
termine the mean difference to 0.1 mil
and record this value on the notation
pad with the declination constant
(e.g., VAC + 1.6).

Note. If the differences do not agree with-
in 1 mil, repeat (1) through (3) above.

FExample:

+23.0 mils = known vertical angle
to azimuth mark 1

+21.5 mils = mean measured verticdl

—  angle to azimuth mark

1

+ 1.5 mils = correction to bring
measured vertical angle
to known vertical angle

— 9.0 mils = known vertical angle to
azimuth mark 2

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

+ 1.8 mils = correction to bring
measured vertical angle
to known vertical angle

+ 1.5 mils = correction at azimuth
mark 1

+ 1.8 mils = correction at azimuth

~  mark 2

+ 3.3 -~ 2 = 4 1.6 mils = mean ver-

tical angle correction

b. Determination of Vertical Angle Correc-
tion by Alternate Method. Two stations are es-
tablished approximately 100 meters apart and
properly marked. It is not necessarv to know
the coordinates and height of the stations or
the distance between them. The aiming cirele
is set up at one of the stations, and the height
of instrument is measured and marked on a
range pole with a penecil. The range pole is
placed vertically over the second station. The
vertical angle to the mark on the range pole
is then measured with the aiming circle. The
aiming cirele is then moved to the second sta-
tion and set up, The height of instrument at
the second station is marked on the range pole.
The pole is then set up over the first station,
and the vertical angle from the second station
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to the first station is measured. The vertical
angles measured at the two stations are com-
pared. If they are numerically equal but have
opposite signs (e.g., +7.0 and —17.0), the in-
strument is in correct adjustment and the ver-
tical angle correction is zero, If the values are
not numerically equal, a vertical angle correc-
tion must be determined. The correction is
numerically equal to one-half of the algebraic
sum of the two angles, The sign of the correc-
tion is opposite to the sign of the algebraic sum
of the two angles. For example, if one angle
were +22.0 mils and the other were —24.0
mils, the vertical angle correction would be
+1.0 mil. The vertical angle correction must
be applied to all vertical angle measurements
made with the aiming circle,

153. Determining Grid Azimuth With the
Aiming Circle
The magnetic compass of a declinated aiming
circle can be used to determine a grid azimuth,
The procedure for determining a grid azimuth
is as follows:

a. Set up and level the aiming circle in the
prescribed manner,

b. Using the upper motion, set the declination
constant on the scales of the instrument,

¢. Release the magnetic needle and center it,
using the lower motion.

d. Lock the magnetic needle.

e. Using the upper motion, rotate the instru-
ment and sight on the desired point.

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

g. Repeat the procedure and determine the
grid azimuth a second time. If the two azimuth
determinations agree within 2 mils, mean and
record the measured grid azimuth to the near-
est 0.1 mil. If they do not agree, repeat the en-
tire procedure.

154. Orienting the Aiming Circle by
Magnetic Compass on a
Required Azimuth

A declinated aiming circle can be oriented
on a required grid azimuth by use of the mag-
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netic needle. The procedure for orienting on a
required azimuth is as follows:

a. Set up and level the aiming circle in the
prescribed manner.

b. Using the upper motion, set the declina-
tion constant on the scales of the instrument.

¢. Release the magnetic needle and center it,
using the lower motion.

d. Lock the magnetic needle.

e. Using the upper motion, set the required
grid azimuth on the scales of the instrument.
The scope of the instrument is now oriented on
the required azimuth.

155. Care of the Aiming Circle

Proper care of an instrument will prolong
its life and insure better results to the user.
Listed below are several precautions which
shouid be observed while the aiming circle is
being used.

a. Screw Threads. To prevent damage to the
screw threads, do not tighten the adjusting,
clamping, or leveling screws beyond a snug
contact.

b. Lenses. The lenses should be cleaned only
with a camel’s-hair brush and lens tissue. The
brush should be used first to remove any dust
or other abrasive material from the lens, and
then the lens should be cleaned with the lens
tissue. Any smudge spots remaining on the lens
after the lens tissue is used can be removed
by slightly moistening the spot and again
cleaning with the lens tissue. Care should he
taken not to scratch the lens or remove the
bluish coating. The bluish coating reduces the
glare for the observer.

¢. Tripod Head. The tripod head should be
wiped clean of dirt and moisture and should
be examined for nicks or burrs, before the
instrument is attached to the tripod.

d. Magnetlic Needle. The magnetic needle
should be locked when not in use.

e. Azimuth Knob, The azimuth knob should
be positioned over the notation pad before the
instrument is put in its case.

f. Worm Gears. Movement of the worm gears
should never be forced. In disengaging the fast
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motion, of the azimuth mechanism, be sure that
the gear is free before the instrument is ro-
tated. To reengage the worm gear, move the
instrument back and forth slightly until the
gear of the azimuth mechanism meshes with
that of the lower (nonrecording) motion.

g. Lubrication, The aiming circle should not
be lubricated by unit personnel. All parts re-
quiring lubrication are enclosed and should be
lubricated only by ordnance instrument repair
personnel. The instrument should be checked
periodically by an ordnance maintenance unit.

h. Cleaning. 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. Care must be
taken to insure that the threads of the leveling
screws are clean and turn smoothly. The pol-
ished surfaces should be given a thin coat of
light grade aircraft instrument lubricating oil
to prevent rust. Electrical parts should be
cleaned with trichloroethylene. Rubber parts,
other than electrical parts, should be cleaned
with warm soapy water. After the rubber parts
are dry, a coating of powdered technical tal-
cum should be used to preserve the rubber.
Canvas should be cleaned with a dry brush or
by scrubbing with a brush and water.

156. Maintenance Checks and Adjustments

Maintenance checks should be made as de-
scribed in @ through e below. If any check,
other than the micrometer adjustment check in
¢ below, indicates that adjustment is necessary,
the aiming circle should be turned in to the sup-
porting ordnance maintenance unit for ‘repair&\
The checks in e through e below should be per
formed before the instrument is used.

a. Level Vial Check. After the aiming eircle
has been set up and leveled, rotate the instru-
ment through 6,400 mils. If the bubbles in the
horizontal plate level vials (eircular and tubu-
lar) do not remain centered, the instrument
should be turned in for repair at the first oppor-
tunity.

b. Tilted Reticle Check. After the aiming
circle has been set up and leveled, place the
vertical crossline on some well-defined point.
Elevate and depress the telescope. If the verti-
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cal crossline moves off the point as the tele-
scope is elevated or depressed, the instrument
should be turned in for repair.

e. Micrometer Adjustment Checks. The only
adjustments that may be made by using unit
personnel are the adjustments of the microme-
ters so that they read zero when the main
scales with which they are associated read zero,

{1) Checking and adjusting the azimuth
micrometer. 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 microme-
ter is opposite the index, no adjust-
ment is necessary. If the zero 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 in position and
tighten the azimuth knob screws.

(d) Check to insure that the zero of both
the azimuth scale and the microme-
ter secale are still opposite their re-
spective index marks after the
screws are tightened.

{2) Checking and adjusting the elevation
micrometer. 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 elevatioh microme-
ter is opposite the index, no adjust-
ment is necessary. If the zero is not
opposite the index, loosen the screws
on the end of the elevation knob and
slip the elevation micrometer scale
until the zero is opposite the index.

{¢) Hold both the elevation knob and
the micrometer scale in position
and tighten the micrometer knob
SCrews,

{d) Check to insure that the zero of
both the elevation scale and the mi-
crometer scale are still opposite
their respective index marks after
the screws are tightened.
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d. Level Line Check. The purpose of the level
line check is to determine whether correct
values are obtained when vertical angles are
measured with the aiming circle. If correct ver-
tical angle values are not obtained with the in-
strument and there is not adequate time to turn
the instrument in for repair, a vertical angle
correction should be determined. The per-
formance of the level line check and the pro-
cedure for determining a vertical angle corree-
tion are discussed in detail in paragraph 152,
After the elevation micrometer check (c(2)
above) has been performed and any necessary
adjustments have been made, the level line
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check must be performed before a vertical
angle is measured with the aiming circle.

¢. Magnetic Needle Check. To check the mag-
netic needle, set up and level the aiming circle.
Release the magnetic needle and center it in the
reticle of the magnetic needle magnifier. To
test the needle for sluggishness, move an iron
or steel object back and forth in front of the
aiming circle to cause the needle to move on
its pivot. Permit the needle to settle. If the
needle does not return to center in the reticle,
the instrument should be turned in for repair.
This check should be performed prior to using
the magnetic needle to establish a direction or
to orient the instrument.

Section lll. THEODOLITE, T16

157. General

The T16 theodolite (fig. 34) is a compact,
lightweight, dustproof, optical-reading, direc-
tion-type instrument equipped with a horizontal
circle (repeater) clamp. If is used to measure
both horizontal and vertical angles for artillery
fifth-order survey. The horizontal and vertical
scales of the theodolite are inclosed and are
read by means of a built-in optical system. The
scales, graduated in mils, can be read directly
to 0.2 mil and by estimation to the nearest 0.1
mil. The scales may be illuminated by either
sunlight or artificial light.

158. Namenclature of the T16 Theodolite

a. Tribrach. The tribrach is that part of the
theodolite which contains the three leveling
screws, and the circular level. The leveling
screws are completely inclosed and dustproof.
The tribrach is detachable from the theodolite
and is secured to the theodolite by three tapered
locking wedges controlled by the tribrach clamp
lever.

b. Horizontal Circle Housing. The horizontal
circie housing assembly contains the horizontal
circle; the vertical axis assembly; the recep-
tacles, contacts, and connections for electric il-
lumination; and the three spike feet for
securing the theodolite to the tribrach. The fol-
lowing controls are located on the horizontal
circle housing:
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(1) Horizontal cirele clamp. The hori-
zontal circle clamp is located on the
upper part of the horizontal circle
housing and is beneath the telescope
eyepiece when the telescope is in the
direct position. This clamp is used
by the operator to lock the horizontal
plate to the alidade in any given posi-
tion for orienting the instrument.

(2) Horizontal clamping serew. The hori-
zontal clamping screw is located on
the side of the horizontal circle hous-
ing. This control locks the alidade in
any desired position about its verti-
cal axis.

(3) Horizontal tangent screw. The hori-
zontal tangent screw is located adja-
cent to the horizontal clamping screw
on the side of the horizontal circle
housing. This control provides pre-
cision adjustment in the horizontal
positioning of the telescope.

c¢. Alidade. The alidade, the upper part of
the theodolite, includes the telescope and
microscope assemblies and the vertical circle
assembly. Located on the alidade are the fol-
lowing:

(1) Levels. The theodolite has a plate
level and vertical circle level (split
bubble) in addition to the circular
level on the tribrach. The plate level
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Figure 34. T16 theodolite.

is located at the bottom of the opening
between the standards on the alidade
and is graduated to aid the operator
in the precise leveling of the instru-
ment, The vertical circle level is com-
pletely built in and is located adjacent
to the vertical circle,

Telescope. The 28-power telescope of
the T16 theodolite can be rotated ver-
tically about the horizontal axis of the
theodolite. Objects appear inverted
when viewed through the telescope.
The reticle of the telescope is etched
on glass and consists of horizontal
and vertical erosslines, a solar circle
for making pointings on the sun, and
stadia lines. The reticle erosslines
are focused by rotating the eyepiece;

(2)
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(3)

the image, by rotating the knurled
focusing ring. Two horizontal pull-
action serews are provided for cor-
recting the horizontal collimation
error, A knob located on top of the
telescope controls a small mirror in-
side the telescope for illuminating the
reticle when electric illumination is
used.

Circle-reading microscope. Attached
to the telescope is a microscope for
viewing the images of the horizontal
and vertical circles, A segment of
both circles is presented in the micro-
scope, with the horizental circle
(marked “Az”) appearing below the
vertical circle (marked “V"). The

‘image of the circles is brought into

83



WWW.SURVIVALEBOOKS.COM

(4)

(5)

(6)

(7)

(8)

focus by rotating the knurled micro-
scope eyepiece.

Hlumination mirror. A tilting mirror
is located on the side of the standard
below the vertical circle for illuminat-
ing the horizontal and vertical circles.
The intensity of the light on the cir-
cles can be adjusted by rotating and
tilting the mirror until proper light-
ing is achieved. For artificial illumi-
nation, this mirror is removed and
replaced by a lamp assembly.

Vertical clamping screw. The verticalk
clamping screw is located on the stand-
ard opposite the vertical circle. This
control allows the telescope to be ro-
tated vertically about its axis or to be
locked in a fixed vertical position.

Vertical tangent screw. The vertical
tangent screw is located on the lower
portion of the same standard as the
vertical clamping screw. This control
provides precision adjustment in the
vertical positioning of the telescope.

Collimation level tangent screw. The
collimation level tangent screw is lo-
cated below the vertical circle and on
the same standard. This control is
used for precise leveling of the ver-
tical circle level (split bubRle) by
bringing the image of the ends of this
bubble into coincidence. A tilting mir-
ror is provided above the vertical cir-
cle for viewing the position of the
bubble.

Optical plumb. An optical plumb sys-
tem is provided on the theodolite for
centering the instrument over a sta-
tion. The optical plumb is a small
prismatic telescope that contains
either a small circle or cresslines as
a reticle, depending on the model. The
focus, of the optical plumb telescope is
adjusted by rotating the knurled eye-
piece located in the base of the alidade,

d. Carrying Case. The carrying case for the
T16 theodolite consists of a base plate and a
steel, dome-shaped hood. When mounted in the
base, the instrument rests on supports by
means of four studs and is locked to the sup-

ports by two clamping levers. A desiccant is
located in the base plate. A padded wooden
box is also furnished for transporting the
theodolite in its case,

¢. Accessory Equipment.

(1) Electric illumination device. An elec-
tric illumination device is issued with
the T16 theodolite, In the lower hous-
ing of the theodolite that fits into the
tribrach is a socket for a connector
plug from the battery case. A second
socket in the horizontal circle hous-
ing is connected to the first socket by
an internal contact ring. A connector
plug is inserted in the second socket
to accommodate a plug-in lamp, which
replaces the illumination mirror.
When the current is on, this lamp il-
luminates both ecircles, both the
horizontal and vertical level vials, and
the telescope reticlee A rheostat is
provided on the battery case for ad-
justing the intensity of the light. A
hand lamp is attached to a second
cord from the battery case and is
used to provide general illumination
around the instrument,

(2) Diagonal eyepiecezs amd sun filter.
Standard equipment includes diagonal
eyepieces that screw directly into the
telescope and the reading telescope
eyepieces. A sun filter is provided for
the telescope eyepiece,

(3) Compass. A circular compass is issued
as an accessory item for the T16 theo-
dolite. When the circular compass is
used, it is mounted in the compass
bracket located on the standard op-
posite the vertical circle. The compass
is used only to provide a rough check
on an azimuth, to orient the sketch in
the field notes, or to obtain a direc-
tion for assumed control. The compass
should always be placed in the pocket
of the accessory case with the dial
down to prevent breaking the cover

" glass.

f. Tripod. The universal triped is issued
with the theodelite. This tripod has extension
legs and accessory case. The accessory case is
made of leather and is mounted on the tripod
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with wood screws. The case contains a plumb
bob with a plug-in sleeve and a wrench for
the tripod legs.

159. Setting Up the Theodolite

a. Setting Up the Tripod. The triped used
with the T16 theodolite is similar to that used
with the aiming circle M2, and the same pro-
cedure is used for setting up the tripod (para
148a).

b. Removing the Theodolite from its Case,
To remove the theodolite from its case—

(1) Grasp the carrying strap with both
hands just above the two clamping
levers and pull outward to release the
clamping levers from the base assem-
bly.

(2) Lift the dome-shaped cover directly
off the instrument and lay it to one
side,

(8) Pull upward on the two base clamping
levers that secure the theodolite to the
base assembly. Grasp the theodolite
by the standard that has the trade-
mark inscribed on it and lift the the-
odolite off the base.

(4) Attach the instrument to the tripod
head by screwing the fixing screw
snugly into the base of the tribrach,

(5) Replace the cover on the base of the
case to prevent dust and moisture
from entering the case.

¢. Plumbing and Leveling the Theodolite. The
procedure for plumbing and leveling the T16
theodolite is the same as that for the M2 aiming
circle (para 148c), After the instrument is
leveled, check the optical plumb to insure that
the instrument is centered exactly over the sta-
tion. If it is not, center the instrument over the
station by shifting it on the tripod head, and
again check the level of the instrument. If nec-
essary, repeat the leveling process and again
check the optical plumb, Repeat this process
until the instrument is level and centered over
the station.

160. Taking Down the Theodolite

When observations are completed at a sta-
tion, the theodolite and tripod are march
ordered as follows:
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a. Place the telescope in a vertical position
with thg objective lens down and tighten the
vertical clamping screw.

b. Turn each leveling screw to the same
height.

e. Position the horizontal clamping screw di-
rectly: over one of the leveling screws and
tighten it,

d. Grasp the instrument by its right stand-
ard and unscrew the instrument-fixing screw.
Lift the theodolite from the tripod and secure
it in the carrying case. Replace the dome-shaped
cover.

e. Replace the tripod head cover, collapse the
tripod, and strap the tripod legs together.

161. Reading and Setting Horizontal and
Vertical Circles

a, With the T16 theodolite prepared for ob-
serving as described in paragraph 159, open the
illumination mirror and adjust the light so that
both the horizontal and vertical circles are uni-
formly illuminated when viewed through the
circle-reading microscope. Adjust the focus of
the microscope until the image of the circles
appears sharp and distinct.

b. When the circles are viewed through the
circle-reading microscope (fig. 35), 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 in
0.2-mil increments from 0 to 10 mils. Circle
readings are estimated to the nearest ¢.1 mil,
The scale reading is taken at the point where
the major (10-mil) graduation (gageline) is
super-imposed on the auxiliary scale, When the
telescope is not in a horizontal position, the
scales will appear to be tilted, with the amount
of tilt depending on the inclination of the tele-
scope.

¢. All horizontal angle measurements with
the T16 theodolite should be started with an in-
itial reading of 1.0 mil on the horizental circle.
For practical purposes, this reading precludes
working with a mean of the direct and reverse
(D&R) pointings on a starting station of less
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Figure 35.

than O mil. To set this value on the horizontal
circle releacse the horizontal clamping Sscrew
and rotate the instrument until the major
graduation ( appears on the horizontal circle.
Clamp the horizontal clamping screw and use
the horizontal tangent screw to set the 0 gage-
line directly over the 1.0-mil graduation on the
auxiliary scale. Firmly engage the horizontal
cirele clamp by folding it downward. The hori-
zontal cirele is now attached to the alidade of
the instrument, and the reading of 1.0 mil will
remain on the horizontal circle regardless of
the direction in which the instrument is
pointed.

162. Focusing the Telescope To Eliminate
Parallax

Before a theodolite is used for measuring
angles, the telescope must he focused to elim-
inate paraliax by bringing the focus of the eye-
piece and the focus of the objective lens to the
plane of the reticle (crosslines). This is accom-
plished as follows: Point the telescope toward
the sky or a neutral background and rotate the
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knurled ring on the telescope eyepiece until the
reticle crosslines are sharp, distinct lines. (In
doing this, the observer should be very careful
to focus his eye on the crosslines, not the sky.)
Next, point the telescope toward a well-defined
distant point and, still focusing the eye on the
crosslines, bring the point into a clear, sharp
image by rotating the knurled focusing ring on
the telescope. Use the horizontal tangent screw
to center the vertical crossline on the point. To
check for elimination of parallax, move the
eye horizontally back and forth across the eye-
piece. If the parallax has been eliminated, the
crossline will remain fixed on the object as the
eye is moved. If all parallax has not been elimi-
nated, the crossline will appear to move back
and forth across the object. To eliminate any
remaining parallax, change the focus of the
eyepiece slightly to bring the crosslines into
sharper focus, and refocus the telescope ac-
cordingly until there is no apparent motion.
Each time an angle is to be measured, the tele-
scope should be focused to eliminate parallax,
since accurate pointings with the instrument
are not possible if parallax exists.

163. Measuring Horizontal Angles

a. In artillery survey, the T16 theodolite is
used as a direction-type instrument, and the
horizontal circle clamp is used only to set the
initial circle setting on the horizontal circle
prior to making a pointing on the initial station.
The method of measuring horizental angles con-
sists of determining, at the occupied station,
the horizontal circle readings to each observed
station, beginning with an initial (rear) sta-
tion. The angle between,two observed stations
is the difference between the mean horizontal
circle readings determined for each of the oh-
served stations. The mean horizontal circle
readings used to determine the angles are de-
termined from two pointings (circle readings)
on each observed station (fig. 36).

b. With the telescope in the direct (D) posi-
tion, the initial circle setting of 1.0 mil on the
horizontal ecircle, and the horizontal circle
clamp down, a pointing is made on the initial
station. This establishes the direction of the
staton at 1.0 mil with respect to the horizontal
circle, The value of the direct reading on sta-
tion A is recorded in the field notes (fig. 36).
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Figure 386. Extract from field notebook and sketch of pointings in measuring horizontal angles.

Release (up) the horizontal circle clamp; this
causes the horizontal circle to detach itself
from the alidade and remain in its fixed posi-
tion. A pointing is then made on each station
arcund the horizon in a clockwise sequence.
After the pointing is made on the last station,
the telescope is plunged to the reverse (R)
position, and pointings are made on each sta-
tion in a counterclockwise sequence, beginning
with the last station and ending with the initial
station,

¢. When pointings are being made, the hori-
zontal and vertical clamping screws (fast mo-
tion) are used to place the crosslines approxi-
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mately on the object marking the station. The
horizontal and vertical tangent screws are then
used to place the crosslines exactly on the ob-
ject. The final direction of rotation of the tan-
gent screws must be clockwise,

d. The telescope should be plunged to the
direct pcstion, after the reverse pointing on
the initial station, and a direct pointing should
be made on the intial station wth the horizontal
circle clamp released (up). Although it is not
a part of the angle measurement, the instru-
ment will be approximately zeroed in order to
save time in setting the initial circle setting for
the next angle measurement.
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164. Measuring Vertical Angles

a. Normally, each time a horizontal angle is
measured, a vertical angle is measured to the
forward station. If possible vertical angles are
measured to the height of the instrument (HI).

b. Vertical angles cannot be measured di-
rectly with the theodolite. The vertical circles
of the theodolite reflect readings of 0 mil at
the zenith, 1,600 mils horizontal direct, 3,200
mils at nadir (straight down), and 4,800 mils
horizontal reverse. Hence, the values read from
the vertical circle are not vertical angles but
are circle readings that must be converted to

EXTENSION
OF PLUMB
LINE —2—»

vertical angles. When the collimation level
bubble is centered, vertical circle readings are
measured from a line which is, in effect, an
upward extension of the plumbline of the
theodolite (fiz. 37). One value of the vertical
angle is computed from the wvertical circle
reading obtained with the telescope in the di-
rect position and pointed at the station. With
the telescope'in the direct position, a vertical
circle reading of less than 1,600 mils indicates
that the station observed is above the hori-
zontal plane of the theodolite and the vertical
angle is plus; a vertical circle reading greater
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Figure 37. Relation of vertical circle readings and vertical angles.
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than 1,600 mils indicates that the station ob-
served is below the horizontal plane of the
theodolite and the vertical angle is minus. The
value of a plus vertical angle is determined by
subtracting the vertical circle reading from
1,600 mils. The value of a minus vertical angle
is determined by subtracting 1,600 mils from
the vertical circle reading, A second value of
the vertical angle is computed from the vertical
circle reading obtained with the telescope in
the reverse position and pointed at the station.
With the telescope reversed, a vertieal circle
reading greater than 4,800 mils indicates a plus
vertical angle and a vertical circle reading less
than 4,800 mils indicates a minus verticai
angle, The value of a plus vertical angle is de-
termined by subtracting 4,800 mils from the
vertical circle reading, and the value of a
minus vertical angle is determined by subtract-
ing the vertical circle reading from 4,800 mils.
The two values of the vertical angle are then
meaned to obtain the vertical angle to the ob-
served station.

¢. After the crosslines have been placed on
the station, the telescope is elevated (or de-
pressed) until the horizontal crossline is ex-
actly on the point to which the vertical angle
is desired. After the telescope is positioned on
the station, the bubble of the collimation level
(split bubble) is centered in its vial by rotat-
ing the collimation level tangent screw until
the images of the ends of the bubble coincide.
A vertical circle reading is then taken in the
circle-reading microscope.

165. Computing Horizontal and Vertical
Angles

«. After the direct and reverse pointings
have been made and the horizontal and ver-
tical circle readings recorded in the field notes
(fig. 36), the size of the angles are determined.
To determine the horizental angle between sta-
tions A and B (fig. 36), the mean of the point-
ings on each station are first determined by
mentally subtracting 3,200 mils from the re-
verse reading and then taking the mean of the
direct and reverse readings. The results are
entered in the field notes in the appropriate
column. The horizontal angle between the sta-
tions is then determined by obtaining the dif-
ference in the mean circle readings. In figure
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36, the mean pointing on station A is 0001.0;
on station B, 229.4. Therefore, the horizontal
angle from station A to station B is 228.4 mils.

b. In the field notes in figure 36, the direct
pointing on station B resulted in a vertical
circle reading of 1,598.5 mils, or a vertical
angle of +1.5 mils, With the telescope re-
versed, the vertical circle reading on station B
was 4,801.4 mils, or a vertical angle of +1.4
mils, Hence, rounding this value to the nearest
even 0.1 mil, the mean vertical angle from the
instrument to station B is + 1.4 mils.

166. Care of the Theodolite

The T16 theodolite is a delicate instrument,
and care must be taken not to drop it or bump
it against any object. If the instrument gets
wet, it must be dried before it is returned to
the carrying case. As soon as possible, the in-
strument should be placed in a dry room or tent.
It should be removed from the carrying case so
that it may dry completely. If left in the closed
carrying case, it will absorb the humidity in the
air if there is an increase in temperature.
Should the temperature drop afterwards, the
moisture will condense on the interior of the
instrument and may render the instrument in-
operative. In meoving the instrument from
station to station, a man on foot may carry the
instrument, mounted on the tripod, with the
tripod under one arm and a hand supporting
the theodolite itself. All motions should be
clamped with the telescope in the vertical posi-
tion. When the theodolite is carried over rough
terrain, the instrument should be transported in
its carrying case. When transported in a ve-
hicle, the theodolite should be in the ' dome-
shaped carrying case, and the case should be in
the padded box. For short distances, the carry-
ing case may be held in an upright position on
the lap of the instrument operator.

167. 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 lenses should be cleaned only with a
camel’s-hair brush and lens tissue. The lens
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should be cleaned first with the brush to remove
any dust or other abrasive material and then
with the lens tissue. Any smudge spots remain-
ing after the lens tissue is used can be removed
by slightly moistening the spot and again clean-
ing with the lens tissue. Care should be taken
not te scratch the lens or remove the coating.
The coating reduces glare for the observer.

¢. All metal parts of the tripod should be
cleaned with a cloth meoistened with an ap-
proved cleaning solvent and wiped dry. The
wooden parts should be cleaned with a soft
cloth moistened with water and dried thor-
oughly. The leather strap should be cleaned
with a suitable leather cleaner.

168. Repair of Theodolite

Adjustment (except as explained in para-
graphs 169 through 173) and repair of the T16
theodolite must be performed by qualified in-
strument repair personnel. Theodolites in need
of adjustment or repair should be furned in
to the engineer unit responsible for providing
maintenance service. TM 5-6675-200-15 out-
lines the categories of maintenance,

169. Adjustment of Theodolite

a. The theodolite must be kept in correct ad-
justment if accurate results are to be obtained.
There are four tests and adjustments of the
T16 theodolite that should be made periodically
by the instrument operators. The adjustments
are performed in the sequence in which they
are discussed in paragraphs 170 through 173.
When a test indicates that an adjustment is
necessary, this adjustment should be made and
the instrument should be tested for accuracy
before the next test is made.

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

¢. If handled properly, an instrument will re-
main in adjustment indefinitely. The adjust-
ments should be made only by qualified person-
nel, and they should be made in a deliberate,
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careful manner. Needless and excessive move-
ment of the adjusting screws will cause the
serews to become worn, and the instrument will
not hold an adjustment.

170. Plate Level Adjustment

@. 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. To test the adjustment of the plate
level, place the axis of the bubble parallel to
two of the three leveling screws. With these
two leveling screws, center the bubble, Rotate
the instrument 1,600 mils and again center the
bubbje, using the third leveling screw. Repeat
these steps until the bubble remains centered
in both positions. Carefully center the bubble
in the first position, and then rotate the instru-
ment 3,200 mils. If the bubble does not remain
centered, adjustment is required. The discrep-
ancy noted in the position of the bubble is the
apparent error, or twice the actual error, of
the plate level.

c. Adjustment. To adjust the plate level, use
the adjusting pin and remove one-half of the
apparent error (actual error) by turning the
capstan adjusting screw, which is located in
the right support 1% inches above the hori-
zontal clamping screw. Repeat the test to detect
and adjust, if necessary, any error remaining
in the adjustment of the plate level. The plate
level is in proper adjustment when the bubble
remsains centered throughout 6,400 mils.

171. Optical Plumb Adjustment

a. Purpose. The purpose of the optical plumb
adjustment is to make the vertical axis of the
theodolite pass through the station mark when
the theodolite is properly leveled and the sta-
tion mark is centered in the reticle of the op-
tical plumb.

b. Test. To test the optical plumb, set up the
instrument over a station that is clearly marked
by a cross or other well-defined point and ac-
curately level the instrument. The image of the
point should be centered exactly in the center
of the optical plumb. Rotate the instrument
3,200 mils about its vertical axis. If the image
of the point does not remain centered in the
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reticle, the amount of displacement is the ap-
parent error, or twice the actual error, of the
optical plumb.

¢. Adjustment. To adjust the optical plumb,
one-half of the displacement (the actual error)
is corrected by turning the two optical plumb
adjusting screws. Access to the adjusting
screws is obtained by removing the cover
screws, located 114 inches to the right and left
of the optical plumb eyepiece, By very small
movements of the distance toward the station
mark. {The last movement of the adjusting
screws must be clock’wise to compress a coun-
tergpring.) Check the adjustment by again
leveling and centering the instrument gver the
station mark and then rotating the instrument

through 6,400 mils. If the image of the reticle

does not remain centered on the station mark
throughout the circle, repeat the adjustment.
After the adjustment is completed, replace the
cover Screws.

172. 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,
select a well-defined point at least 100 meters
from the instrument and at approximately the
same height as the instrument, With the tele-
scope in the direct position, center the vertical
crossline on the selected point and read the
horizontal circle. Plunge the telescope to the
reverse position and take a second reading on
the same point. The instrument operator should
repeat both readings to insure that no error
was made in reading the instrument. These two
readings should differ by 8,200 mils. Assuming
no error in the pointings or readings, any dis-
crepancy between the actual differences in the
two readings and 3,200 mils is the apparent
error, or twice the horizontal collimation error.
If this discrepancy exceeds plus or minus 1 mil,
the horizontal collimation adjustment should
be performed.

c. Adjustment. For the purpose of illustra-
tion, assume that the horizontal circle reading
in the direct position is 150.7 mils and in the
reverse position is 3,352.9 mils. With the tele-
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scope in the direct position and using the hori-
zontal tangent screw, set the circle to the mean
value of the direct and reverse pointings
(151.8). In doing so, the vertical crossline of the
telescope reticle is moved off the point. Move
the vertical crossline back to the point by turn-
ing the two pull-action capstans adjusting
screws that are arranged horizontally and on
opposite sides of the telescope near the eye-
piece. If the reticle must be moved to the right,
loosen the left screw slightly and tighten the
right screw a corresponding amcount. If the
adjusting screw is tightened an excessive
amount, it will cause the retical to get out of
adjustment later on. Repeat the test to insure
that the proper adjustment has been made,

Note. This adjustment can alsc be made with the
telescope remaining in the reverse position and using
the mean value for the reverse pointing; i.e., 3,351.8.

173. Vertical Collimation Adjustment

a. Purpose. The purpose of the vertical colli-
mation adjustment is to make the line of sight
horizontal when the vertical circle reads 1,600
mils with the telescope in the direct position
(4,800 mils with the telescope in the reverse
position) and the ends of the collimation level
bubble are in alinement.

b. Test. To test the vertical collimation, select
a well-defined point at least 100 meters from
the instrument. With the telescope in the direct
position, take a vertical circle reading on the
point, making sure that the collimation level
bubble is precisely alined. Plunge the telescope
to the reverse position and again take a vertical
circle reading to the same point. The collima-
tion level bubble must be precisely alined be-
fore, and checked after, each vertical circle
reading. Repeat these two measurements to in-
sure that no error was made. The sum of the
direct and reverse readings should equal 6,400
mils, and any difference between the sum of
the two readings and 6,400 mils is the apparent
(index) error, or twice the collimation level
error. If the difference exceeds plus or minus
1 mil, the collimation level should be adjusted,

¢. Adjustment. To adjust the vertical level,
compute the correct vertical circle reading by
applying one-half of the index error of the ver-
tical circle to the direct reading. If the sum
of the two readings is greater than 6,400 mils,
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subtract one-half the index error from the di-
rect reading; if the sum is less than 6,400 mils,
add one-half of the index error to the direct
reading. Place the instrument in the direct posi-
tion and accurately sight on the point. With
the telescope sighted on the point, use the colli-
mation level tangent screw to place the correct
reading on the vertical circle scale. With the
telescope sighted on the point and the correct
reading on the vertical circle scale, the collima-
tion level bubble will not be centered. Bring
the split bubble inte coincidence by turning its
adjusting screw. Access to the adjusting screw
is gained by removing the cover of the vertical
circle level, Repeat the test to insure that the
proper amount of adjustment has been made.
Example:
Vertical circle reading for direct
pointing
Vertical circle reading for re- 4,919.5
verse pointing

1,479.3

Sum 6,398.8
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Apparent (index) error =
6,400 — 6,398.8 = 1.2 mils

Collimation error = 1.2 +~ 2 = (.6 mil

Correct vertical circle reading (direct) =
1.479.3 + 0.6 = 1,479.9

With the telescope in the direct position,
accurately sight on the point. Use the colli-
mation level tangent serew and place the
correct reading (1,479.9) on the vertical
circle seale. Bring the split bubble into
coincidence by turning its adjusting screw.

Note. This adjustment ean also be made with
the telescope in the reverse position, using the

mean value for the reverse pointing; i.e., 4,919.5
40.6 = 2,920.1 mils,

174. Verticality Adjustment

The T16 theodolite is constructed so that the
vertical crossline remains vertical, and no ad-
justment is required.

Section IV. THEODOLITE, T2

175. General

a. The T2 theedolite, mil-graduated (fig. 38),
is the authorized angle-measuring instrument
for artillery fourth-order survey. The theodo-
lite, having only one spindle, is a direction-type
instrument and is used to measure both hori-
zontal and vertical angles. It has interior seales
which are read by means; of a built-in optical
system. The scales, graduated in mils, are
readable directly to 0.002 mil and by estima-
tion to the nearest 0.001 mil, The scales may
be illuminated by sunlight or by means of a
built-in wiring system using artificial light, All
components of the instrument which can be
seriously damaged by dust or moisture are en-
closed.

b. Units may be equipped with another model,
the sexagesimal T2 theodolite, to use for ar-
tillery fourth-order survey. The two models are
identical except for the graduation of the hori-
zontal and vertical scales. The scales of the sex-
agesimal theodolite are graduated in degrees,
minutes, and seconds and can be read directly
to 1 second.

e. The T2 theodolite is issued with a canvas
accessory case containing diagonal eyepieces for

2

the telescope and reading miecroscope, a sun
filter, a jeweler's screwdriver, two adjusting
pins, a camel’s-hair brush, a plastic instrument
head cover, two lamp fittings for artificial il-
Iumination; a battery case containing lLighting
devices and spare bulbs; and a universal tripod
with a plumb bob, plug-in sleeve, and tripod
key in a leather pouch attached to the tripod.
The accessories of some models of the theedo-
lite are stored in the base of the carrying case.

176. Nomenclature of the T2 Theodolite

a. Tribrach. The tribrach is that part of the
theodolite which contains the three leveling
screws and the circular level. The leveling
screws are inclosed and dustproof. On models
manufactured subsequent to 1956, the tribrach
is detachable. On these models, the tribrach is
secured to the theodolite by three tapered lock-
ing wedges controlled by the tribrach clamp
lever, An optical plumb system is located in the
tribrach for accurately centering the theodo-
lite over a station.

b. Horizontal Circle Housing, The horizontal

circle housing assembly containsg the horizontal

circle, the vertical axis assembly, prisms for
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Figure 28, The T2 theodolite.

illuminating and reading the horizontal cirele,

contacts

and connections for electric illumina-

tion, and three spike feet for securing the
theodolite to the tribrach. The following items
are located on the horizontal circle housing:

(1)

AGO 10005A

Cirele-setting knob and ecover. The
circle-setting knob, which is located on
the side of the horizontal circle hous-
ing, is used to rotate the horizontal
circle to any desired position. The
cover of the circle-setting knob is pro-
vided to prevent the operator from
disturbing the orientation of the hori-
zontal cirele by an accidental touch.
The cover should be closed at all times
except when the horizontal circle is
being oriented.

(2) Iumination mirror. A hinged, tilting

(3)

mirror to illuminate the horizontal eir-
cle is located on the lower portion of
the horizontal circle housing. The in-
tensity of the light on the horizontal
cirele can be adjusted by rotating and
tilting the mirror until the circle is
properly lighted. For artificial illumi-
nation, this mirror is removed and
replaced by a plug-in lamp.

Instrument support lugs. Three rec-
tangular-shaped instrument support
lugs are uniformly spaced around the
base of the horizontal circle housing.
These lugs are used to secure the
theodolite to the base of the carrying
case. The plug-in socket which receives
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the battery box cable for artificial il-
lumination is located immediately
above one of the jugs.

¢. Alidade. The alidade is the upper (rotat-

ing) part of the theodolite. It includes the tele-
scope and microscope assemblies and the two
standards that support them, the vertical circle
assembly, and the horizontal clamp assembly.
Located on the alidade are the following:
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(1)

(2)

(3)

(4)

U-standard assembly. The U-standard
forms the support for all the compeo-
nents making up the upper part of the
instrument and includes the horizontal
circle axle and flange, the circle se-
lector knob and prism, and the hori-
zontal axis prism.

Levels. The theodolite has a plate level
and a vertical circle level (split bub-
ble) in addition to the circular level
on the tribrach. The plate level is lo-
cated at the bottom of the opening
between the standards and is gradu-
ated to aid the operator in the precise
leveling of the instrument. The ver-
tical circle level is completely built in
and is located adjacent to the vertical
circle.

Collimation level tangent serew. The
collimation level tangent serew is lo-
cated below the vertical circle and on
the same standard. This control is
used for precise leveling of the verti-
cal circle level (split bubble) by bring-
ing the images of the ends of the
bubble inte coincidence. A prism on
the side of the standard is provided
for viewing the position of the bub-
ble. Below the prism, a hinged re-
fiector is rotated outward to provide
iflumination of the wvertical «circle
level.

Telescope. The 28-power telescope of
the T2 theodolite can be rotated ver-
tically about the horizontal axis of the
theodolife. Objects appear inverted
when viewed through the telescope.
The reticle of the telescope is etched
on glass and consists of horizontal and
vertical crosslines and stadia lines.
The reticle crosslines are focused by

(5)

(6)

(7)

(8)

rotating the eyepiece; the image, by
rotating the knurled focusing ring.
Three adjusting screws are provided
for correcting the horizontal collima-
tion error. A knob located on top of
the telescope controls a small mirror
inside the telescope for illuminating
the reticle when electric illumination
is used.

Cirele selector knob. The circle selec-
tor knob is located immediately above
the trademark inscription “Wild.” The
knob is inseribed with a heavy black
line which indicates whether the
image of the horizontal or the vertical
circle is vigible in the circle-reading
microscope. When the line is hori-
zontal, the horizontal circle may be
viewed; when the line is vertical, the
vertical circle may be viewed.

Circle-reading microscope. Attached
to the telescope is a microscope for
viewing the horizontal and vertical

- circles. The circle to be viewed is se-

lected by turning the circle selector
knob to either the horizontal or the
vertical position. The field of view of
the microscope appears to contain two
small windows. The upper window
contains images of two diametrically
opposite portions of the horizontal or
vertical circle. One of the images of
the circle is inverted and appears
above the other image. The lower win-
dow contains the image of a portion
of the micrometer scale. The image of
the scale is brought into focus by ro-
tating the knurled microscope eye-
piece.

Coincidence knob. The coincidence
knob on the side of the right stand-
ard is used to obtain readings for
either the horizontal or vertical cir-
cle in conjunction with the microm-
eter scale. It operates the micrometer
scale to bring the vertical or hori-
zontal circle graduations into coinei-
dence,

Hlumination mirror. A tilting mirror
for illuminating the vertical circle is
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located on the side of the standard at
the center of the vertical circle. This
mirror is identical with the mirror on
the horizontal circle in construction
and use.

(9) Horizontal clamping serew. The hori-
zontal clamping screw is located on
the right front portion of the instru-
ment immediately above the hori-
zontal circle housing. This control is
used to lock the alidade in any desired
position on its vertical axis.

{10) Horizontal tangent screw. The hori-
zontal tangent screw is located on the
right rear portion of the instrument
immediately above the horizontal cir-
cle housing. This contrel enables pre-
cision adjustment in the horizontal
positioning of the telescope.

(11) Vertical clamping screw. The vertical
clamping screw is located adjacent to
the vertical circle. This control per-
mits the telescope to be rotated ver-
tically about its axis or to be locked
in a fixed vertical position.

(12) Vertical tangent screw. The vertical
tangent screw is immediately below
the vertical clamping screw. This con-
trol permits precision adjustment in
the vertical positioning of the tele-
scope.

d. Carrying Case. The carrying case for the
T2 theodolite consists of a base plate and steel
dome-shaped hood. When the theodolite is
placed on the base plate, it rests on three sup-
ports and is secured to the supports by three
clamps. A padded wooden box is also furnished
for transporting the theodolite in its carrying
case,

e. Electric Ilumination Device. The T2 the-
odolite contains a built-in wiring system for
illuminating the circles, the micrometer scale,
and the telescope reticle. Twoe bulb holders are
in the base of the carrying case or in the ac-
cessory case. Each of the circle-illuminating
mirrors can be replaced by pulling a mirror off
the instrument and inserting a bulb holder in
its place. A battery case is attached to one of
the tripod legs, and the wiring from this case
leads to an electric illumination plug located
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in the tribrach. A second wire from the battery
case leads to a hand lamp that is used for gen-
eral illumination arcund the instrument. A
rheostat is provided on the battery case for ad-
justing the intensity of light. Telescope reticle
illumination is adjusted by turning the reticle
illumination knob on top of the telescope to
rotate a small mirror located at the horizontal
axis in the telescope.

f. Tripod. The universal tripod is issued with
the theodolite. This tripod has extension legs
and accessory case. The overall length of the
closed triped is 3 feet; the extended length is
5.2 feet. The accessory case is made of leather
and is mounted on the tripod. The case contains
a plumb bob with a plug-in sleeve and a wrench
for the tripod legs. The head of the tripod is
covered with a screw-on protector cap.

177. Setting Up the Theodolite

a. Setting Up the Tripod. The tripod used
with the T2 theodolite is similar to that used
with the aiming circle. The procedure for set-
ting up this tripoed is the same as that for the
aiming circle M2 (para 148q).

b. Removing the Theodolite From Its Case.
The T2 theodclite is removed from its case in
the same manner as the T16 theodolite (para
1595), except that it is fastened to the base by
three supports with locking devices.

¢. Plumbing and Leveling the Theodolite. The
procedure for plumbing and leveling the T2
theodelite is the same as that for the T16 the-
odolite (para 159¢).

d. Focusing the Telescope to Eliminate Par-
allax. The telescope of the T2 thecdolite is the
same as the telescope of the T16 theodolite and
it is focused to eliminate parallax in the same
manner (para 162).

e. Taking Down the Theodolite. The T2 the-
odolite is taken down and placed in its carry-
ing case in the same manner as the T16 theod-
olite (para 160).

178. 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 (fiz. 39). The circles are
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Figure 39, Circle-reading optical system of the T2 theodolite.

viewed through the circle-reading microscope
located alongside the telescope. The circle to be
viewed is selected by turning the circle selector
knob on the right standard. The field of view
of the circle-reading microscope contains two
small windows (fig. 40). The upper window
shows images of two diametrically opposite por-
tions of the cirele (horizontal or vertical). One
image of the circle is inverted and apears above
the other image. The lower window shows an
image of a portion of the micrometer scale.
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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 kneb is turned, the images of
the opposite sides of the circle appear to move
in opposite directions across the upper window
in the circle-reading microscope. The image of
the micremeter scale in the lower window also
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Figure 40. T2 scales (mil-graduated) viewed through
the cirele-reading microscope.

moves. The graduations of the circle (upper
window) are brought into coincidence so that
they appear to form continuous lines across
the dividing line. The center of the field of view
in the upper window is marked by a fixed ver-
tical index line. The final coincidence adjust-
ment should be made between circle gradua-
tions in the vicinity of this index line. The line
is not used in reading the circle,

179. 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 so that the
graduations of the circle and micrometer scale
are sharply defined.

d. Observe the images in the microscope.
Bring the circle graduations into ceincidence
at the center of the upper window by turning
the coincidence knob. The final motion of the
coincidence knob must be clockwise,

e. Read the horizontal circle and micrometer
scale,
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180. Steps in Circle Reading (Mil)

On the mil-graduated T2 theodolite, the main
scale (upper window) is graduated in 2-mil
increments (fig. 40). Each fifth graduation is
numbered, omitting the unit digits; eg., 10
mils appear as 1; 250 mils as 25; and 3,510
mils as 351. The micrometer scale (lower win-
dow) 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 (hun-
dredth of a mil). The scale may be read to
0.001 mil by interpolation. The steps in read-
ing the circles are as follows:

a. Bring the circles into coincidence (para
179) and determine the first erect numbered
graduation to the left of the index line that
marks the center of the upper window. This
numbered graduation indicates the value of
the circle reading in tens of mils. In figure 40,
this value is 121,

b. Locate on the inverted secale the gradua-
tion for the number diametrically opposite 121
(the number +320). In figure 40 this number
is 441 (viewed 1¥# ). The inverted number is
always to the right of the index line which
marks the center of the field of view. When the
unit mils of the circle reading is zero, coinci-
dence is obtained with the circle reading and
its diametrically opposite number in ceinci-
dence with each other in the immediate vicinity
of the index line. Both values always end in
the same number—in this case, the number 1.

¢. Count the number of spaces between
graduations from 121 to the inverted 441, There
are five spaces, representing 5 mils, Each of
these spaces represents 1 mil.

d. Convert 121, which is tens: of mils, to 1,-
210 mils and, to this value, add the unit mils
determined in ¢ above (1,210 + 5 = 1,215 mils,
the angular value obtained from the main
scale).

e. On the micrometer scale (lower window),
the index line that marks the center of the
field of view also indicates the value to be read
from the micrometer scale. In figure 40, this
value is 0.474 mil.

f. Add the values determined in ¢ and ¢ above
(1,215 + 0.474) = 1,215.474 mils, the angular
value displayed in figure 40).
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T2 scales (sexagesimal) wicwed through
the eircle-reading microscope.

Figure 41.

181. Steps in Circle Reading (Sexagesimal)

On the sexagesimal T2 theodolite, the main
scale (upper window) is graduated at 20-
minute intervals, and every third graduation is
numbered to indicate a degree. The micrometer
scale (lower window) is graduated in minutes
and seconds from 0 to second to 10 minutes.
The scale may be read to 1 second. The steps
in reading the circles are as follows (fig. 41):

a. Bring the circles into coincidence (para
178b) and determine the first erect numbered
graduation to the left of the index line that
marks the center of the upper window. This
numbered graduation indicates the value of the
circle reading in degrees. In figure 41, this
value is 285°,

b. Locate the inverted graduation which dif-
fers from 285° by 180°; this value is 105°
(viewed ¢01 ). The inverted number is always
to the right of the index line which marks the
center of the fisld of view. (When the tens of
minutes of the circle reading is zero, coinci-
dence is obtained with the circle reading and
its diametrically opposite number in coinci-
dence with each other in the immediate vicinity
of the index line.) Both values always end in
the same number—in this case, the number 5.
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¢. Count the number of spaces between the
graduations from 285 to the inverted 105, Each
space represents 10 minutes. In figure 41, 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°).

¢. The index line which marks the center of
the field of view in the lower window indicates
the value to be read on the micrometer scale.
This scale has two rows of numbers below the
graduations, the bottom row being the unit
minutes and the top row seconds. In figure 41,
the unit minutes and seconds are read as 1'54".

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

182. Vertical Circle Readings

The circle selector kneb is rotated until the
black line on the face of the knob is vertical.
The vertical circle may now be viewed in the
circle-reading microscope. A reading on the ver-
tical circle is made in the same manner as a
reading on the horizontal circle.

183, Setting the Horizontal Circle

There are two situations in which it is neces-
sary to set the horizontal circle.

«. In the first instance, the horizontal circle
is to be set to read a given value with the tele-
scope pointed at a target. The initial circle
setting of 0.150 (+40.100 mil) is used as an
example.

(1) Point the instrument at the target.

(2) Using the coincidence knob, place a
reading of 0.150 on the micrometer
scale.

(8) Using the circle-setting knob, zero the
main scale as accurately as possible,
insuring that the numbered lines,
which are 3,200 mils apart (the erect
0 graduation and the inverted 320
graduation), are touching each other.

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

(5) Read the horizontal circle. The read-
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ing should be 0.150 (within *=0.100
mil). With care, a circle may be set
to an accuracy of 0.010 mil.

b. In the second instance, it is desired to ori-
ent the instrument on a line of known direction
from a reference direction (or lay off a prede-
termined angle).

{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
direction (or the predetermined angle)
to the circle reading. The result is the
circle reading for the instrument
when it is pointed in the desired di-
rection.

(3) Using the coincidence knob, set the
micrometer scale to read the fractional
portion of the desired circle reading
to the thousandth of a mil.

{4) Using the horizontal clamping screw
and the horizontal tangent screw, ro-
tate the alidade to obtain coincidence
on the main scale at the mils value
corresponding to the reading cbtained
in {2) above. When coincidence is ob-
tained, the instrument is pointing in
the desired direction.

184. Measuring Horizontal Angles

a. Since the T2 theodolite is a direction-type
ingtrument, the values of horizontal angles are
determined by differences in circle readings
rather than by direct measurement. The pro-
cedure for measuring and determining hori-
zontal angles is (fig. 42) as follows:

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

(2) With the telescope in the direct (D)
position, point to station B and re-
cord the c¢ircle reading (1,215.475
milg).

{3) Plunge the telescope to the reverse
(R) position, point to station B, and
record the circle reading (4,415.503
mils).

{4) With the telescope in the reverse (R)
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position, point to station A and record
the circle reading (3,200.200 mils).

{5) Subtract 3,200 mils from the reverse
pointing on station A and mean the
remainder with the direct pointing 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 (1,215.489 mils).

(7) Subtract the mean pointing on station
A from the mean pointing on station B
to determine the horizontal angle from
station A to station B (1,215.489
—(.183 = 1,215.306 mils).

Note. Steps in (1) through (7) above
constitute one direct and one reverse point-
ing on each station, which is referred to as
one position.

b. When it is necessary to measure the angle
to more than one station, a peinting 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 station with the
telescope direct, the telescope is reversed and
a pointing is made on each station in a counter-
clockwise direction, ending with the initial sta-
tion. One set of direct and reverse pointings on
all of the observed stations constitutes one
position.

¢. The direct and reverse pointing on each
station should differ by 3,200 mils {(or 180°),
plus or minus the amount of the horizontal
spread (twice the error in horizontal collima-
tion) in the instrument. No value can be speci-
fied as the maximum allowable spread for an
instrument; however, it should be small (0.150
mil or less) for convenience in meaning the
pointings. The amount of the spread should be
constant; otherwise, there are inconsistencies
in operating the instrument. If the mean spread
of an instrument exceeds 0.150 mil (or 30"), it
should be adjusted at the first opportunity.

d. In artillery survey, one position is nor-
mally observed for traverse and two positions
are observed for triangulation. However, if the
primary requirement of a traverse is to estab-
lish an accurate direction (FA missile battal-
ion), then tweo positions are observed.
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Figure 42, FExtract from field notebook and sketch of pointings in measuring horizontal angles.

e. When it is necessary, as in triangulation,
to measure two positions, the second position
iss measured in the same manner as the first
position, except that the second position nor-
mally is measured with the telescope in the
reverse position for the initial pointing on each
station. The initial circle settings should be as
follows: first position, direct: 0.150 (=0.100)
mils {or 00°00°'30” = 20”) ; second position, re-
verse: 4,800.150 (£0.100) mils (or 270°00°30"
+ 207).

f. The angle between two observed stations is
determined by measuring the mean horizontal
circle reading to each station and computing
the difference between the mean circle read-
ings, When two positions are taken, the value

100

of the angle is determined by taking the mean
of the values of the angle as determined from
each of the two positions, Figure 43 illustrates
the methed of recording horizontal circle read-
ings and determining the horizontal angles be-
tfween three stations, with two positions ob-
served.

g. When two positions are observed, if the
two cbserved values for any angle differ by
more than 0.050 mil (10”), these observed
values should be rejected. If the observed values
are rejected, the angle(s) must be remeasured,
using approXimately the same initial circle
setting that was used to obtain the rejected
value(s).
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185. Measuring Vertical Angles

@. The procedure for measuring vertical an-
gles with the T2 theodolite is the same as that
for the T16 theodolite (para 164a).

b. After sighting on the observed station, the
bubble of the collimation level (split bubble)
is centered in its vial by rotating the collima-
tion level tangent screw until the images of the
ends of the bubble coineide. Then, with the
black line on the circle selector knob in the
vertical position, the vertical circle reading is
then made in the same manner as a horizontal
circle reading. Figure 43 illustrates the method
of recording verticai circle readings and deter-
mining the vertical angles.

186. Care and Cleaning of the Theodolite

The same procedures and precautions that
apply to the care and cleaning of the T16 the-
odolite (para 166 and 167) also apply to the
care and cleaning of the T2 theodolite.

187. Repair of the Theodolite

Adjustment (except as explained in para-
graphs 189 through 194) and repair of the T2
theodolite must be performed by qualified in-
strument repair personnel. Theodolites in need
of adjustment or repair should be turned in to
the engineer unit responsible for providing
maintenance service, TM 5-6675-205-15 out-
lines the categories of maintenance.

188. Adjustment of the Theodolite

a. The T2 theodolite must be kept in correct
adjustment if accurate results are to be ob-
tained. There are five tests and adjustments of
the theodolite that should be made pericdically.
These tests should be performed in the sequence
in which they are discussed in paragraphs 189
through 193. When a test indicates that an
adjustment is necessary, this adjustment sheould
be made and the instrument tested for accuracy
before the next test is performed.

b. The five tests and adjustments of the the-
odolite are made with the instrument mounted
on its tripod and accurately leveled. For the-e
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 pos-
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sible. The theodolite should also be protected
from the wind.

189. 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. To test the adjustment of the plate
level, place the axis of the plate level parallel
to two of the three leveling screws. With these
two leveling screws center the bubble of the
plate level. Rotate the instrument 1,600 mils
and again center the hubble, using the third
leveling screw. Repeat these steps until the
bubble remains centered in both positions.
Carefully center the bubble in the first position
and then rotate the instrument 3,200 mils. If
the bubble does not remain centered, adjust-
ment is required; the discrepancy noted in the
position of the bubble is the apparent error, or
twice the actual error, of the plate level.

¢. Adjustment. To adjust the plate level, re-
move one-half of the apparent error (the actual
error) by turning the capstan adjusting screw
located below the collimation level illuminator.
The adjusting pin is used to turn the capstan
adjusting screw. Repeat the test to detect any
error remaining in the adjustment of the plate
level and adjust, if necessary.

190. Optical Plumb Adjustment

a. Purpose. The purpose of the optical plumb
adjustment is to make the vertical axis of the
theodolite pass through the station mark when
the theodolite is properly leveled and the sta-
tion mark is centered in the reticle of the
optical plumb.

b. Test. To test the optical plumb, suspend
the plumb hob 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 and check to insure that
the instrument is accurately leveled (i.e., the
vertical axis is truly vertical). Look into the
eyepiece of the optical plumb. If it is in cor-
rect adjustment, the mark on the ground will
be centered in the reticle.

c. Adjustment. If the point on the ground is
not centered in the optical plumb reticle, center
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the point by means of the three capstan adjust-
ing serews located near the optical plumb eye-
piece. Two of the these adjusting screws are
located on opposite sides of the eyepiece, and
the third adjusting screw is located below the
eyepiece opposite a spring-loaded plunger. The
bottom adjusting screw 1s locked in place by a
capstan retaining nut, which is located imme-
diately above the head of the adjusting screw.
With an adjusting pin, loosen the retaining
nut and raise or lower the reticle by turning
the bottom adjusting serew to move the reticle
image along the axis of the optical plumb in
the same direction that the screw travels. The
two side adjusting screws are used to move
the image of the reticle in the opposite direc-
tion from their travel. If it is necessary to use
these serews, they should be rotated an equal
amount in opposite directions. It is usually
necessary to loesen the screw below the eye-
piece slightly te adjust the screws on the side
and vice versa. To make the adjustment, loosen
one of the two oppesed serews and the retaining
nut slightly. The spring-opposed adjusting
screw should be used for necessary adjust-
ments, and the opposed adjusting screws should
be used to complete these adjustments. When
the adjustment is complete, the two opposed
adjusting screws must be fairly tight. Tock the
bottom adjusting serew in place by tightening
the retaining nut.

191. Verticality Adjustment

a. Purpose. The purpose of the verticality ad-
justment is to make the vertical crossline of the
reticle lie in « plane perpendicular to the hori-
zontal axiy i the telescope.

b. Test. T test the vertieality of the vertical
crossline, select a well-defined distant point as
near as possible to the horizontal plane of the
instrument and center the vertical crossline on
the selected point. With the vertical tangent
screw, elevate and depress the telescope. 1f the
vertical erosstine continuously bisects the point,
the adjustment is correect,

e. Adjustment. There are three adjusting
screws on the telescope—a horizontal serew on
the left side and two slant serews on the right
side. If the vertical line does not continuously
bisect the sighted point, turn the two slant
serews an equal amount in opposite directions to
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rotate the reticle until the wvertical crossline
does hisect the point throughout the elevation
and depression of the telescope.

192. Horizontal Collimation Adjustment

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

b. Test. To test the horizental collimation, se-
lect a well-defined point at least 100 meters
from the instrument and at approximately the
same relative height. With the telescope in the
direct position, center the vertical crossline on
the selected point. Set the horizontal ecircle to
any reading less than 3,200 mils, close the cover
on the circle-setting knob, and record the read-
ing. Plunge the telescope to the reverse position
and take a second reading on the same point.
The instrument operator should repeat beoth
readings to insure that no error was made in
reading the instrument. These two readings
should differ by 3,200 mils. Assuming no error
in the pointings or readings, any discrepancy
between actual difference in the two readings
and 3,200 mils is the apparent error, or twice
the horizontal collimation error. If this dis-
crepancy exceeds plus or minus 0.150 mil (30%),
the horizontal collimation adjustment should be
performed.

c. Adjustment. For the purpose of illustra-
tion, assume that the horizontal circle reading
in the direct position is 0000.200 mil and in
the reverse position is 3,200.800 mils. With the
telescope in the direct position, use the coinci-
dence knob to set the mean value (0.500) on the
micrometer scale. Using the horizontal tangent
screw, bring the main scale into coincidence
with a value of 0 mil on the scale. In doing this,
the vertical crossline is moved off the point by
the amount of the horizontal collimation error.
The vertical crossline is then alined on the
selected point by lateral movement of the
reticle within the telescope. To move the
reticle, loosen (tighten) the two adjusting
serews in the slant position on the right side
of the telescope equally, and tighten (loosen)
the single adjusting serew on the left side of
the telescope. For moving the reticle, the ad-
justing serew(s) should be loosened before the
serew (3) on the opposite side of the telescope
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is tightened. Repeat the test and adjustment
procedure until the difference between the di-
rect and reverse points is lesg than 0.050 mil
(10”). When this adjustment is completed, re-
peat the verticality test to insure that the ver-
tical crossiine is still perpendicular to the hori-
zontal axis of the telescope.

Note. This adjustment can also be made with the
telescope in the reverse position, using the mean value
for the reverse pointing i.e., 3,200.500.

193. Vertical Collimation Adjustment

a. Purpose. The purpose of the vertical colli-
mation adjustment ig to make the line of sight
horizontal when the vertical circle reads 1,600
mils with the telescope in the direct position
(4,800 mils with the telescope in the reverse
position) and the ends of the collimation level
bubble are in alinement.

b. Test. To test the vertical collimation, se-
lect a well-defined point at least 100 meters
from the instrument. With the telescope in the
direct position, take a vertical circle reading
on the point, making sure that the collimation
level bubble is precisely alined. Plunge the
telescope to the reverse position and again take
a vertical circle reading to the same point. The
collimation level bubble must be precisely
alined before, and checked after, each vertical
circle reading. Repeat these two measurements
to insure that no error was made. The sum of
the two readings should equal 6,400 mils, As-
suming no error in the pointings or readings,
any difference between the sum of the two read-
ings and 6,400 mils is the apparent (index)
error, or twice the collimation level error. 1f
the difference exceeds plus or minus 0.150 mil
(30”), the vertical collimation level shoulid be

adjusted.

¢. Adjustment. To adjust the vertical level,
compute the correct vertical circle reading by
applying one-half of the index error of the ver-
tical circle to the direct reading. If the sum
of the two readings is greater than 6,400 mils,
subtract one-half the index error from the di-
rect reading; if the sum is less than 6,400 mils,
add one-half the index error to the direct read-
ing, Place the instrument in the direct position
and accurately sight on the point. Using the
coincidence knob, set the fractional part of the
correct vertical circle reading on the microme-
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ter scale, and then obtain coincidence on the
main scale at the correct vertical cirele reading
by using the collimation level tangent screw.
With the telescope sighted on the point and the
correct reading on the vertical circle, the ends
of the collimation level bubble will not be
alined. Aline the images of the ends of the col-
limation level bubble by using the two capstan
adjusting screws located immediately below the
collimation level: When adjusting the bubble, ro-
tate both screws the same amount in opposite
directions. After making the adjustment,
tighten the screws by rotating the screws
slightly in opposite directions, being careful not
to change the alinement of the ends of the
bubble. Repeat the test and adjustment pro-
cedure until the collimation level error is less
than 0.050 mil (10”).

Ezxample:

Vertical circle reading for di- 1,544.400
rect pointing
Vertical circle reading for re- 4,856.008
verse pointing
Sum 6,400.458

Apparent (index) error =
6,400.498 — 6,400 = 0.498 mil
Collimation error = 0.498 — 2 = 0,249 mil
Correct vertical circle reading (direct) =
1,544.400 — 0.249 = 1,544.151

With the telescope in the direct position, ac-
curately sight on the point. Set the fractional
portion of the correct scale reading on the
micrometer scale by using the coincidence knob,
and then obtain coincidence on the main scale
at the correct vertical circle reading (1,544.151)
by using the collimation level tangent screw.
Bring the split bubble into coincidence by turn-
ing its adjusting screws.

Note. This adjustment can also be made with the
telescope in the reverse position, using the mean value
for the reverse pointing; i.e, 4,866.098 — 0249 =
4,855.849 mils.

194, Other Adjustments
Other adjustments to the T2 theodolite that
may be required periodically are as follows:
a. Leveling Serews. The three leveling screws
must turn smoothly and with moderate ease
and without any shake or backlash. To tighten
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or loosen the movement of the leveling screw,
use the capstan adjusting screw located im-
mediately above each leveling screw.

b. Tangent Serews. The tangent screws must
turn easily and smoothly, without backlash,
throughout their travel. A ecapstan adjusting
ring is located immediately behind each tan-
gent screw. To adjust the tangeni screws, ro-
tate the adjusting ring with an adjusting pin.

¢. Circle-Setting Knob., To adjust the circle-
setting knob, turn the knob until three screws
can be seen through the three holes in the face
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of the knob. Carefully loosen these screws
encugh to press the knob upward or downward
to loosen or tighten the movement.

d. Tripod. There should be no play at the
Jjunction of the wood and metal parts of the tri-
pod. If play exists, tighten the hexagon nuts
on the foot plates and on the extensions of the
tripod head. The legs, when released from the
horizontal position, should fall to an angle of
about 45° and remain there. Check the move-
ment of the legs and, if necessary, tighten the
clamping screws under the head of the tripod.
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CHAPTER 8
TRAVERSE

Section I. GENERAL

195, General

A traverse is a series of straight lines, cailed
traverse legs, connecting a series of selected
points, called traverse stations (fig. 44). In a
traverse, distance and angle measurements are
made and are used to compute the relative posi-
tions of the traverse stations on some gystem of
coordinates, usually the UTM grid.

196. Starting Control

Since the purpose of a traverse is to locate
points relative to each other on a common grid,
certain elements of starting data are necessary.
The coordinates and height of a starting point
and an azimuth to an azimuth mark are re-
quired. There are several ways in which the
starting data can be obtained, and the best data
available should be used to begin a traverse. The
different variations in starting control can be
grouped into the following general categories:

a. Known Control Available. Survey control
may be available in the form of existing sta-
tiong: with the station data published in a trig
list, or higher headquarters may establish the

station and provide the station data. The azi-
muth to an azimuth mark (starting direction)
may be obtained by reference to a trig list, by

~ computation from known coordinates, by astro-

nomic observations, or by use of the azimuth
Zyro.

b. Maps Available. When survey control is
not available in the area, the coordinates and
height of the starting station can be assumed.
The assumed data should approximate the cor-
rect coordinates and height as closely as pos-
sible to facilitate operations. When a map of
the area is available, the approximate coor-
dinates and height of the starting station can
be scaled from the map. (For survey purposes,
starting data scaled from a map is considered
to be assumed data.) Starting direction can be
determined by astronomiec observations or by
use of the azimuth gyro. If starting direction
cannot be obtained by either of these metheds,
it should be assumed by using a declinated aim-
ing circle or by scaling from the map,

¢. No Maps Available. When neither survey
control nor maps are available, the coordinates

Horizontal angle

vertical angie to
TS2 measured

9,
s,
) .

Vertical angle to

Vertical angle o point
TS1 measured Ts2

Horizontal angle B measured

Figure i4. A traverse,
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and height of the starting. point must be as-
sumed. Starting direction can be determined by
the most accurate means available, as discussed
in @ and b above,

197. Types of Traverse

Three basic types of traverse are used in ar-
tillery survey. These are open traverse, cloged
traverse, and directional traverse.

a. Open Traverse. An open traverse orig-
inates at a starting station, proceeds. to its des-
tination, and ends at a station the relative
position of which is not previously known. The
open traverse is the least desirable type of
traverse because it provides no check on field-
work or starting data. For this reason, the
planning of a traverse in the artillery should
always provide for closure of the traverse,
Traverses should be closed in all cases when
time permits.

b. Closed Traverse. A closed traverse starts
at a point and ends at the same point or at a
point the relative position of which iz known.
The measurements can be adjusted by compu-
tations to minimize the effect of accidental er-
rors made in the measurements. Large errors
can be detected and corrected.

(1) Traverse closed on starting point. A
traverse closed on the starting point
15 a traverse which originates at a
starting station, moves to its destina-
tion, and returns to and terminates at
the starting point. This type of
traverse is considered the second best
for artillery purposes and is used ex-
tensively at battalion level where
limited control and time available for
survey are impertant considerations.
A traverse closed on the starting point
provides a check on the fieldwork and
computations and provides a basis for
comparison to determine the accuracy
of the work. However, this type of
traverse does not provide a check on
starting data or insure detection of
systematic errors, For example, if
digits of the starting coordinates are
transposed or errcneous, no check is
provided. If the tape used for dis-
tance measurements is longer than its
labeled length, all of the recorded dis-
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tances will be proportionally too
short but will cause no change in the
computed error of closure for the
traverse.

(2) Traverse closed on second known
point. A traverse cosed on a second
known point begins at a point of
known coordinates, :noves through the
required point(s), nund terminates at
a second point of known coordinates.
This type of traver:e is the preferred
type for artillery use because it pro-
vides a check on the fieldwork, com-
putations, and starting data. It also
provides a basis for comparison to de-
termine the overall accuracy of the
work.

¢. Directional Traverse. A directional trav-
erse is a traverse in which only the horizontal
angles are measured. It is used to extend di-
rection, or azimuth, only. This type of traverse
can be either open i closed. It can be closed
on the starting direction, on a second line of
known direction es!ablished to an equal or a
higher order of accuracy, or by astronomic or
gyroscopic observat ons. Since direction is the
most important eleinent of artillery survey, it
1S sometimes neces:iary at lower echelons to
map-spot battery lications and extend direc-
tien only.

198. Fieldwork

In a traverse, three stations are considered
to be of immediate significance. These stations
are referred to as the rear station, the occu-
pied station, and the forward station. The rear
stafion is the station from which the persons
performing the traverse have just moved or a
point to which the azimuth is known. The occu-
pied station is the station at which the party is
located and over which the instrument is set.
The forward station is the next station in sue-
cession and is the immediate destination of the
party. Fieldwork for a traverse is accomplished
as follows:

a. Horizontal Angles. Horizontal angles are
always measured at the occupied station by
sighting the instrument at the rear station and
measuring the clockwise angle to the forward
station. To measure horizontal angles, instru-
ment pointings are always made to the lowest
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visible point of the range pole which marks
the rear and forward stations.

b. Vertical Angles. Vertical angles are always
measured at the cccupied 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, the vertical angle is measured
reciprocally; i.e., the vertical angle is measured
in both directions for that particular leg.
Measuring reciprocally eliminates errors eaused
by curvature and refraection.

¢. Distance. The distance is measured in a
straight line between the occupied station and
the forward station. Horizontal taping proce-
dures or electronic distance-measuring equip-
ment are used.

199. Traverse Stafions

@. Selection of Stations. In artillery survey,
sites for traverse stations are normally selected
as the traverse progresses. The stations must be
located so that at any one station both the rear
and forward stations are vigible. If the distance
is to be measured with a fape, the line between
stations must be free of obstacles for the taping
team. The number of stations in a traverse
should be kept to 2 minimum to reduce the ac-
cumulation of instrumental errors and the
amount of computing required. Short traverse
legs require the establizshment and use of a
greater number of stations and may cause ex-
cessive errors in azimuth because small errors
in centering the instrument, and station mark-
ing equipment and in instrument pointings will
be magnified and absorbed in the azimuth
closure as errors in angle measurement.

b. Station Markers. Traverse station markers
are usually 1l-inch by l-inch wooden stakes, 6
inches or more in length. These stakes, calied
hubs, are driven flush with the ground. The
center of the top of the hub is marked with a
surveyor’s tack or with an X to designate the
exact point of reference for angular and linear
measurements. To assist in recovering the sta-
tion, a reference (witness) stake is driven into
the ground so that it slopes toward the station
(fig. 45). The identification of the station is
written on the reference stake with a lumber
crayon or a china marking pencil or on a tag
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Figure 45. A survey station marked with o reference
stake.

attached to the stake. Signal cloth may also be
tied to the reference stake to further assist in
identifying or recovering the station.

c. Station Signals. Signals must be erected
over survey stations to provide a sighting point
for the instrument operator and to serve as a
reference for tape alinement by the taping
team. Permanent tripods or similar signals
have been erected over some primary survey
control stations so that the stations can be
occupied without disturbing the signal. In artil-
lery survey, in which the stations sites are
selected and marked as the fieldwork pro-
gresses, temporary signals must be erected at
the stations as they are needed. The equipment
used for station signals in artillery survey

" includes:

(1) Range poles. The range pole is con-
structed of tubular steel and consists
of two interlocking sections. The
length of the assembled pole is 615
feet, and one end is tapered to a point.
The pole is painted in 1-foot sections
with alternate colors of red and white.
For storage, the pole is disassembled
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and placed in a canvas case. In use,
the tapered point of the range pole is
placed in the ground on the station
mark, and a rod level is used to make
the pole vertical for observations. The
angular portion of the level is placed
against the pole, with the circular
level vial up. The top of the pole is
then moved until the bubble in the
vial is centered. The verticality of the
range pole should be checked by veri-

fying that the bubble remains cen-
tered at other points on the range
pole. The range pole is maintained
in a vertical position throughout the
observing period either by use of a
range pole tripod or by a man holding
the pole. To prevent the measurement
of angles to the wrong point, the
range pole should be placed in a ver-
tical position only when it is being
used to mark a survey station.

Figure 46. Tripod-mounted target.
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(2) Target set, surveying. The target set
(fig. 46} is used to mark the end of
the orienting line by artillery missile
batteries that have gpecial accuracy
requirements for the azimuth of the
orienting line. The target set may
also be issued to artillery survey ele-
ments that are required to perform
survey to fourth-order accuracy. The
target is mounted on the same tripod
that is used with the T2 and T16
theodolites. The triped is set up,
leveled, and plumbed in the same
manner as for the theodolites. After
setup, the target is oriented so that
it can be seen directly by the instru-
ment which is sighting on it. The tar-
get can be illuminated for night use.
Greater accuracy is obtained on short
traverse legs by using the target
rather than range poles. The cross-
hairs in the telescope should bisect
the triangles of the target when
sighting on it. Flexibility can be ob-
tained by interchanging and leap-
frogging theodolites and targets on
the tripods, thus reducing setup time.
The longitudinal level and optical
plummet must be adjusted in the same
manner as for the TZ2 theodolite.

200. Organization of Traverse Parties

The number of personnel available 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
of traverse party members are based on the
functional requirements of a traverse. See ap-
pendix 111 for a detailed description of duties
of individuals.

a. Fifth-Order Traverse Party.

(1) Chief of party. The chief of party se-
lects and marks the lecations 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 planning
of the survey.
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(2) Instrument gperator. The instrument
operator measures the horizontal and
vertical angles at each traverse sta-
tion. He also operates the azimuth
gyro and the DME, when the DME is
authorized by the TOE.

(3) Recorder. The recorder keeps the field
notes for the party in a field notebook.
He records the angles measured by
the instrument operator, the distance
measured by the tapeman, and all
other data pertaining to the survey.
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 inde-
pendently and check their resuits
with each other.

(5} Tapeman. Two tapemen measure the
distance from one traverse station to
the next. Each tapeman keeps a rec-
ord of the distances taped. The tape-
men compare their 1ecorded distances
before reporting the measured dis-
tances 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 in-
strument operator, and moves the
range pole forward to the next trav-
erse station. Some TOE’s do not pro-
vide for this position. In such cases,
another member of the party is desig-
nated by the party chief to perform
these tasks.

b. Fourth-Order Traverse Party. The fourth-
order traverse party consists of 10 men. There
are two types of fourth-order traverse parties,
as follows:

(1) Ten-man traverse party. The 10-man
traverse party is basically the same as
the fifth-order traverse party with
two additional tapemen who form a
second taping team,
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(2) DME traverse party. The DME trav-
erse party is equipped with three T2
theodolites and three DME units, con-
taining three instruments per unit.
The personnel are organized asg fol-
lows: One chief of party, three instru-
ment operators, three recorders, two
computers, and one rodman.

e. Reduced Strength Party. Often the author-
ized number of men are not available to per-
form the traverse. Under such circumstances,
members of the survey party may be required
to perform more than one function. 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. If the party is
short the rodman, the chief of party may per-
form the duties of the rodman, in addition to
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his own duties, If the party is short a com-
puter, the recorder may perform the duties of
a computer. If there is no recorder, the instru-
ment operator may act as his own recorder.
If three or more men are absent from the
party, the fieldwork is completed and the coni-
putations are performed later by designated
personnel. The organization of a reduced
strength party is not bound by strict rules;
however, for a party to function when person-
nel shortages exist, the party members mus
be trained to operate interchangeably.

201. Night Traverse

Many times the artillery surveyor will be
forced to survey at night to accomplish his
mission. Daytime traverse techmiques and or-
ganization can be used at night with certain
modification. Night traverses require more
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Figure 47. Recorder’'s notes for 1:500 (aiming circle} traverse.
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work, more training, more personnel, and more
coordination.

a. Equipment. The equipment used in a day-
time traverse is used in a night traverse with
the addition of the necessary lighting equip-
ment, Included in this lighting equipment are
flashlights 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
instrument 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.

WWW.SURVIVALEBOOKS.COM

Three additional men act as light holders and
accompany and assist the tapemen., When pos-
sible, & fourth man assists the rodman,

c. Angle Measuring. The procedure used in
measuring angles in daylight is used at night
except that 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 com-
pleted.

d. Recording. The recording procedures used
during daylight are used at night except that
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 any-
thing which may have an effect on the survey,
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Figure 48, Recorder’s notes for fifth-order (T76 theodolite) traverse.
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Figure 45.

such as burned out lights, only one light on
the forward station, ete.

" e. Taping. For information on taping at
night, see paragraph 92.

f. Communications. Communication during a
night traverse should be conducted by radio.
However, radic 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

Section .

203. Azimuth Computation

In order for a traverse to be computed, an
azimuth must be determined for each leg of
the traverse, The azimuth is determined for

AGO 10005A

Recorder’s notes for fourth-order (T2 theodolite) traverse.

signal the rodman to raise or lower the bot-
tom light on a range pole or inform the rod-
man 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 sig-
nals to avoid detection by the enemy.

202. Traverse Field Notes

For examples of field notes on traverse, see
figures 47 through 49.

COMPUTATIONS

each succeeding leg of the traverse by adding
the value of the measured angle at the occu-
pied station to the azimuth from the occupied
station to the rear station. The example which
follows illustrates this procedure. It should be

13



noted that on occupation of each successive
station the first step is to compute the back-
azimuth of the preceding traverse leg; i.e., the
azimuth from the occupied station to the rear
station.

a. Example Problem.

(1) Given:
Azimuth from station
A to az mk 5b92.6 mils
Angle az mk-A-TS1 2134.0 mils
Angle A-TS1-TS2 3820.5 mils
Angle TS1-TS2-B 1756.5 mils

(2) Reguired:
Azimuth from station TS2 to B.

b. Solution.
(1) At station A—
Azimuth from A to

az mk = 5b92.6 mils
(+)Yangle az mk—
A-TS1 = 2134 0 mils
Sum = 7726.6 mils
(—) a full circle = 6400.0 mils
Azimuth A to TS1 = 1326.6 mils
(2) At station TS1—
Azimuth from station
A to TS1 = 1326.6 mils
(+) a half circle = 3200.0 mils

Azimuth from TS1 to A = 4526.6 mils
(+) angle A-TS1-TS2 = 3820.5 mils

Sum = 8347.1 mils
(—) a full circle = 6400.0 mils
Azimuth TS1 to TS2 = 1947.1 mils

(3) At station TS2—
Azimuth from TS1
to TS2
() a half circle
Azimuth from TS2
to TS1 = 5147.1 mils
(4 ) angle TS1-TS2-B = 1756.5 mils

= 1947.1 mils
= 3200.0 mils

Sum = 6903.6 mils
(—) a full circle = 6400.0 mils
Azimuth TSZ2 to B = 503.6 mils

204. Azimuth-Bearing Angle Relationship

a. An azimuth is required in traverse to per-
mit the determination of a bearing angle, The
bearing angle of a traverse leg, not the azi-
muth, is the element used in computations. The

114
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North

Azimuth of line A B =

/ 2400.0 mils

Bearing of line A B =
800.0 mils

West East

South

Figure 50. Relationship of azimuth and bearing.

azimuth of a line is defined as the horizontal
clockwise angle from a base direction to the
line. The base direction used in artillery sur-
vey is grid north. The bearing angle of a line
is the acute angle formed by the intersection
of that line with a grid north-south line. Fig-
ure 50 illustrates 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
guadrant in which that azimuth lies (fig. 51).
When the azimuth is in the first quadrant, 0 to
1,600 mils, the bearing is equal to the azimuth.
When the azimuth is in the second guadrant,
1,600 to 3,200 mils, the bearing is equal to
3,200 mils minus the azimuth. When the azi-
muth is in the third quadrant, 3,200 to 4,800
mils, the bearing iz equal to the azimuth minus
3,200 mils. When the azimuth is in the fourth
quadrant, 4,800 to 6,400 mils, the bearing is
equal to 6,400 mils minus the azimuth.

205. 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 fig-
ure 52, the coordinates of station A are known
and the coordinates of TS1 are to be deter-

AGO 10005A
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Figure 51. Determination of bearing angle.

mined. The azimuth and distance from station
A to TSl have been determined by measuring
the horizontal angle az mk—A-TS1 and by tap-
ing the distance from station A to TS1. The
grid easting and grid northing lines through
both of the points are shown. The coordinates
of TS81, are determined by applying the dif-
ference in easting (dE}) to the easting co-
ordinates of station A and the difference in

To determine dE:

northing (dN) to the nort}iing coordinates of
station A.

b. In figure 52, the traverse leg appears in
the first quadrant. It is for this reason that
dE and dN must be added to the easting and
northing coordinates of station A, If the trav-
erse leg were to appear in one of the other
quadrants, the signs of dE and dN would
change The signs of dE and dN are deter-
mined by the quadrant in which the traverse
leg lies (fig. 53).

206. 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 figure
52, side A-TS1 is known because the distance
between A and TSI is a taped distance. The
bearing angle at station A is also known, since
it was readily determined from the azimuth of
station A to TS1. Since the intersection of the
north-south line through station A and the east-
west line through TS1 forms a right angle
(1,600 mils), a right triangle is ereated with
the hypotenuse (side A-TS1) known.

opposite side dE
Sine of bearing angle = PP = -
hypotenuse distance
or,
dE = sine of bearing angle X distance.
To determine dN:
j . adjacent side dN
Cosine of bearing angle = = —
hypotenuse distance

or,
dN = cosine of bearing angle X distance.

207. Scale Factor

The log of the scale factor is applied to the
dE and dN computations of all surveys exe-
cuted to fourth-order accuracy. The purpose
of the log scale factor is to convert ground dis-
tance to map distance when the UTM grid is
used. This factor is not used in surveys per-
formed to accuracies of less than fourth-order.
The scale factor value varies with the distance

AGO 100035A

of the occupied station from the central
meridian of the UTM grid zone. The scale fac-
tors are given for every 10,000 meters east and
west of the central meridian and are shown in
tabulated form on the back of DA Form 6-2
(fig. 586). The values of the scale factor are ex-
tracted by entering the table with the approxi-
mate easting value of the occupied station to
the nearest 10,000 meters.
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Figure 52. Requirements for dE and dN.
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dIN+
N 1
m I
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TS = — Ts1

Figure 53. Relationship of quadrant and sign.

To determine dH:

208. Determination of dH

In a traverse, the height of each traverse sta-
tion must be determined. This is accomplished
by determining the difference in height (dH)
between the occupied and the forward station.
The vertical angle at the occupied station and
the horizontal distance from the occupied sta-
tion to the forward station are used to deter-
mine the difference in height between the two
by solution of a right triangle. In figure 54,
the distance is the horizontal taped distance
from station A to TS1., The vertical angle at
station A is the vertical angle measured to HI
at station TS1., The difference in height be-
tween the two stations is the side of the right
triangle which requires solving.

opposite side dH

Tangent of vertical angle =

adjacent side

or,
dH = tangent of vertical angle X distance.

209. DA Form 6-2

a. DA Form 6-2 (figs. 55, 56, and 57) is used
to determine coordinates and height from azi-
muth, distance, and vertical angle_.

b. Entries on the form are shown in fig-
ures 55 and 57.

¢, Formulas to be used are shown on-the back
of DA Form 6-2 (fig. 56).

distance

210. Determination of 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 such a requirement are computation
of a starting azimuth when the coordinates of
two intervisible points are known, computation
of azimuth and length of a target area base

AGO 10005A
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L dH
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Figure 54. Right triangle for determination of dH.

or the base of a triangulation scheme, and com-
putation of azimuth and distance between criti-
cal surveyed points when swinging and sliding
the grid is necessary. The standard form for
this computation is DA Form 6-1. Figure 58
illustrates. the computation of azimuth and dis-
tance from the coordinates of two points. dE
and dN are determined by finding the differ-

opposite side
adjacent side = dN

Tangent of bearing angle =

Logarithms are used to solve for the bearing
angle on the form. Once the bearing angle is
known, the azimuth can be readily determined
from the block in the upper right cormer in
which dE and dN were plotted.

opposite side

ence between the two easting and northing co-
ordinates. The sighs (%) of dE and dN, as
determined on the form, are used for finding
the quadrant in which the azimuth is located.
As in paragraph 208, the right triangle formed
by dE, dN, and the grid distance is used to
determine the bearing angle of the desired azi-
muth as follows:

dE

b. The bearing angle and dE or dN, which-
ever is larger, are the factors needed to com-
pute the distance between the two points.

dE

Sine of bearing =

hypotenuse =
adjacent side _

grid distance
dN

Cosine of bearing =
hypotenuse

or,
dE

grid distance

dN

Grid distance =

Logarithms are also used to solve for the grid
distance, The larger side is used, since it is
opposite the stronger angle in the right tri-
angle (para 228}, thus enabling the determina-
tion of a more accurate distance.

211. Reciprocal Measurement of
Vertical Angles

The effects of curvature and refraction on

AGO 10005A

- ! or
sin of bearing

cos of bearing

lines of sight must be considered for traverse
legs in excess of 1,000 meters. These effects
can be compensated for by reciprocal measure-
ments of the vertical angle at each end of such
a leg. When vertical angles are measured re-
etprocally, the vertical angle at each end of the
leg should be measured to the same height
above the station (normally HI). If this cannot
be done, DA Form 6-2b, Computation—Trig-
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COMPUTATION - AZIMUTH AN?HPES;ISNCE FROM COORDINATES

STATION E COORDINATE N COORDINATE ““xf.-'" A= Bomte
dE - i +
FROM: - s
Tt s .4'5;! /37_]_4/ - 3! 33.5‘3 9-26’.'¢/
To. | [ oo I
Dog v | F53 Bex 2/ |3 874 080 39
IF & 1S LESE THAN & REFEAT & as _T } - 3}-335'_?_?28 ‘6‘/ ‘€ — i€ 4
I£ A& 13 BLANK, USE a-B, SIGH (=} - —
F uur:-u.zo ::s a-ln,lcsu:u(ﬂ U E—j 7323 ! 5(0 - ?¥_ f /8 l 98 ‘z"—;;d"""" “"]S:J-.-I-
Lo dE 2 I fa9l 740 AMGLE HaVING LOG TaN BEARING 1 TO B 77 !52! 6‘
:|7 ‘i DETERMINE 4Z)IXUTH FRCM BEARING 8Y PLOTTING il o T ooro
LOG dn 2 ’ /8/1| 78(— oE AND 9N QM SKETCH AHD USAG JKETCH AL SUIDE //Tjjf
LOG dE- LDG 44 = LOG TAN BEARING 4 TO 8 0} 32 7, ?5-?_, TR ol 52—.[_4—{

IF dE I5 MORE THAN dN

IF dE 1S LESS THaH 4N

REPEAT LOG df

REPEAT LOG dm

LOG 5IN BEARING

LOG €05 NEARING

LOC 4E—LOG 5IN ALARING =
LOG GRID OISTamCE & TO B IN METERS

—l’ LOG 44 ~ LOG CC5 BEARING =
LOG GRID DISTANCE & TO B IM METERS
o074

o L .
LOG CONVERIION FACTOR E I Log CONVERSION FaCTOR T l
P T W=
METERS TO YARDY oSt 2y HETEAL TG YARDY O ~O 3 SLB 6 2 9
LOC GRIG OIST IN & + LOG CONV FACTOR = ] I LOG GRID DIST IN w4 LOG CONV FACTHRS ID i
LOG Gi LOG GRIO DHTANCE & TO B IN TARDS
?G D DISTARCE & TO B IN YARDS \ j

1 oy 1 : o5
s M0t _ g, AL B Baain
STATION E COORDINATE N COORDINATE AR e T '
de — e +
FRG |— [ | I i 4 iN +
A a
i 1 L
To: | i I r
[} L)
1 - 1 -
AF & 15 LESS THAM B, REPEAT & aA i l £t
- " +
L b 4 - - " —
IF aa 1S BLANK, USE a.p, SIGH (=) + ] w |+ | ] i
a1 pLLEo, use aoak sicn (4] |1 [= - A2 =10 4 Bearing ‘L";"""'"
b . n " 1200 [ 1 !
5D ] [ ANGLE MAVING LOG TaM BEARING & TO B
j 'r DETERMINE AZIMUTH FROM BEARING BY #1L01THNG '
_I5, "
LOG dw 4E AND SN ON SKETCH AND UMNG SKETCH A% GLIQE l f
- 1 -
— - —
LOG «E < LOG dn = L0G TAN BEARING 4 10 B AZtuUTH A TO B
- 1 A L
Py

1F dE IS MORE THAN dN

1F dE IS LESS THAH dN

REPEAT LOG JE

REFE AT LOG dN

LOGC §IN BEARING

LOG oL BEARING

LOG dE—LOG 51N BEARING =
LOG GRIQ DISTANCE & TO B in METERS

1
1
LOG 4H~ LOG COY DEARING =
LOC GRIO OISTANCE & TD 8 Iw METERS
— L

LOG CONVERIION FACTOR
METERS TO YARDY

LOC CANVERION FACTOR

1_
00 3 8,8629 METERS TO TARDS

QG GRID QIST I8 & ¢ LOG CoMY FACTOR =

i LOG GRID GIST IR W +LOG CONV FaCTIR=

LOG GRIC DISTANCE & TO B IN YapDS

LDG GRiD DISTANCE & TO 8 IN YaRD3

- , "
| ¥ps . I P S—1-11
L -
5.8 . ik B
FOR MULAS:
Tan BEARING = 2£ Grip oTance = THEESWG = b
o
CoUPUTER I CHELKER SHEET orF WELTY
HOTEBJOK AHEA DaATE
REFERENCE

DA FORM 6_1 AERLACES EDITION OF 1 NGY 83, WHICH WILL BE U3ED UNTIL EXHAUSTED.

1 auc 33

Figure 58. Computation of aztmuth and distance, fifth-order survey.
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COMPUTATION—TRIGONOMETERIC HEIGHTS
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Figure 59. Computation of height, fourth-order survey.
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TABLE - CORREC TION FOR CURVATURE ANDREFRACTION T ABLE-UTM GRID SCALE FACTORS FOR ARTILLERY
(No interpolation necessary for Artlllery Survey) EASTING OF STARTING STATION LOG SCALE FACTOR
Use only when dH s computed using non-reciprocal vertical angles.
SIGN ALWAYS PLUS 500, 000 500, 000 9, 99968300
~ Enter in (213 450, 000 510, 000 9. 9998300
480, 000 520, 000 9,9998300
Log Dist (M) Corr (M) 4170, 000 530, 000 9, 9598300
450, 000 540, D00 9, 99987300
3.019 1 450_000 554, 000 9, 9998400
" : 440_000 560, 000 9.5508400
3,230 -2 430,000 570, 000 9, 9998500
3.322 .3 420, 000 580, 000 9, 398600
3.386 .4 410, 000 550, 000 9,9998700
3_435 .5 400, 3OO 600, 000 9, 9998800
3473 g 390,000 810,000 9, 9958900
2 E 380, 000 &2, 000 9, 9999000
3,508 -1 370, 000 £30, 000 9,9999200
3.563% .8 360, 000 640, 000 5, 5823300
3. 562 .9 350, 0100 £50, 000 9, 9949500
3.584 1.0 340,000 660, 000 9. 9999700
3 625 1.2 330.000 €70, 000 0.9999800
i & 320, 000 580, DOG 0. 0000000
3,658 1.4 350, 000 §90, 000 0, 0000200
3.687 1,6 300, 000 700, 000 0.0000400
3,712 1,8 290,000 714, 000 0, 0000600
3738 2,0 280, 000 720,000 0, 0600900
3784 95 210, 000 730, 000 0, DO0I100
- H 260_000 740, 000 0, 8001300
3.824 3.0 250, 000 750, 000 0, 0001600
3.857 3,5 240, 000 740, 000 0, 0001900
3.886 4,0 240, 000 710, 096 0, 0002200
3.912 4.5 220, 000 189, 000 0. 002500
3 534 5 0 210, GUD 740, 000 D, 0002800
g - 200, 00D 800, 000 0, 0003100
3,955 5.8 190, 000 810, 000 0. 0003400
3,974 6.0 180, 000 820. 000 0. 0003700
3.992 6.5 110, 0no 430, 000 0, 0604100
160,000 849, 000 0, 004500
e " 150,000 850, 000 0, 0004800
140, 00D 860, 000 0, 0005200
130, 000 870. 000 o, 0005600
120, 600 880, 000 0. 0006000
110,000 890, 000 0. 1006400
100, 000 950, 000 0. 0006900

Givelr
UTM grid distance or hotizontal growid distance in meters between statiols.
Height of one station in merers,

Field data;
Obsceve vertical angle between insttiment at one station and target at other station,
Eleight of instrument,
Height of target.

Guide:

Enter field data in blocks marked 4.

When vertical angles are ohserved in two dircctions, either station may be designated as the occupied station, Use
Blocks 1, Il and [v,

When vertical angle is observed in one difection, use Blocks L 1il, and V. Use curvature and refraction correction
from table ahove, :

Elevation of occupicd station need not he known.

In {16), obrain approximate easting coordinaic of Occupied station from other compurations of from map, Use this
value to obtain scale factor from table aboye,

tion as-indicated,  Subtract 1,000 meters algebraically from (25) to vbrain height of station,
If beight of occupicd station is used in (219, then height of forward station is obtained in (25),
All auigular viits used in computarion must be the same (niils or degrees),

Limitation:
This compuatation dues not provide for rednction of groend distance to sea level disrance.

Resuls;
Ve ights of 1he uikiown station in neters,

If height of cirhier station in (24) is below sca tevel (<), add 1,000 meters algebraically to (23): proceed with computa-

. GOVERNMENT PRINTING OFFICE: }858 O—335533
Figure 60. Back of DA Form 6-2b.
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onometric Heights (fig. 59), must be used in
computing the height of the forward station.

212. DA Form 6-2b

a. DA Form 6-2b (figs. 59 and 60) is used
to determine the height of the forward station
when the vertical angles are measured recipro-
cally or nonreciprocally to different heights
above the station.

b. Entries required are the vertical angles
measured, height of station, height of instru-
ment, and height of target.

¢. The formula to be used is shown cen the
back of the form,

213. Accuracies, Specifications
and Techniques

The overall accuracy of a traverse depends
on the equipment and methods used in the
measurements, the accuracy achieved, and the
accuracy of the starting and closing data. In
artillery survey, three minimum accuracies
serve as standards for survey personnel to meet
in both fieldwork and computations. These ac-
curacies are fourth-order (1:3,000), fifth-order
(1:1,000), and 1:5600 survey. Fourth-order sur-
veys are normally performed by division artil-
lery and the corps artillery target acquisition
battalion to extend survey control. Field artil-
lery battalions normally perform fifth-order
surveys to establish survey control for the re-
quired elements of the battalion. Survey to an
accuracy of 1:500 normally is performed only
by artillery elements that have a limited survey
capability (e.g. radar sections) and use the
aiming circle to measure angles, The specifica-
tions and techniques to achieve the accuracies
required in artillery survey are tabulated in
appendix II and are discussed in ¢ through ¢
below.

a. Fourth-Order Accuracy. A fourth-order
traverse starting from existing survey control
must start and clese on stations established to
an accuracy of fourth-order or higher. If sur-
vey control of the required accuracy is not
available, the fieldwork and computations can
be completed and the traverse evaluated for
accuracy by using assumed starting data, pro-
vided the traverse is terminated at the starting
station. The T2 theodolite is used to measure
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the angles. Horizontal angles are measured one
position; vertical angles are measured once
with the telescope in the direct position and
once with the telescope in the reverse position
(1D/R). Distances are double-taped to a com-
parative accuracy of 1:5,000 with the 30-meter
steel tape or measured with electronic distance-
measuring equipment, using the procedures dis-
cussed in chapter 6.

(1) Position aceuracy.

{(a) The maximum allowable error in
position closure for a fourth-order
traverse is generally expressed as
1:3,000, or 1 meter of radial error
for each 3,000 meters of traverse,
The radial error of closure is the
linear distance between the correct
coordinates of the closing station
and the coordinates of that station
as determined from the traverse.
The radial error of closure is deter-
mined by comparing the correct co-
ordinates of the closing point with
the traverse coordinates of that
point. The difference between the
two is the radial error of closure.

Correct
coordinates
of closing
point: 560068.0—3838037.0

Traverse
coordinates
of closing

point: 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 61; the
difference between the two north-
ings, 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 6-1,
by using the Pythagorean theorem,
or by plotting eE and eN to scale
and measuring the hypotenuse. The
most commonly used of these sys-

AGO 10005A
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/X,-Traverse coordinates plot here

eN-= 3.0-4

Radial error of closure

Correct coordinates
plot here

=
eE=4.0

Figure 61,

tems is the Pythagorean theorem.
By use of this theorem and the
data in figure 61, the radial error
would be computed as follows:

Radial error = +/ (eE)Z + (eN)?

vV 4.0 4+ 3.02
= v 16.0 + 9.0
~ /25,0

== 5.0 meters

When the radial error of closure has

Accuracy ratio =

1

Radial error of closure.

been determined, one other factor is
required to complete the computa-
tion 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 trav-
erse is 5,555 meters, the accuracy
would be determined as follows:

total length of traverse -+ radial error

1

= Bb56 + 5.0
1

= T4l
1

= 1100

(¢) This accuracy ratio is suitable for

'AGO 10005A

evaluating a traverse in most cases;
however, when the traverse is long,
the accuracy achieved may be
within tolerance and yet the radial
error will be excessive. For this

or, rounded down,

reason, when the length of the trav-
erse exceeds 9 kilometers, the allow-
able radial error (AE) in meters is
computed by the formula AE =
v K, where K is the total length
of the traverse to the nearest one-
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tenth kilometer. For example, the
allowable error for a traverse 14.8
kilometers _in length would be
AE = +/14.8, or 3.85 meters,
rather than 4.93 meters if computed

by the 1:3,000 accuracy ratio.

(2) Height accuracy. The allowable error
in meters for the height closure of a
fourth-order traverse of any length is
also computed by the formula AE =
v K. By this formula, the allowable
height error for a traverse of less than
9 kilometers will be slightly greater
than the allowable position error,
whereas the allowable error for height
and position will be the same for trav-
erses 9 kilometers or greater in
length.

(3) Azimuth closure. The allowable error
in azimuth cleosure for a fourth-order
traverse depends on the number of
main-scheme angles used in carrying
the azimuth through the traverse. The
allowable azimuth error in mils for a
traverse that has no more than six
main-scheme angles is computed by
the formula AE = 0.04mf % N, where
N is the number of main-scheme
angles. If there are more than six
main scheme angles in the traverse,
the allowable azimuth error is com-
puted by the formula ___

AE = 0.1th v N.

b. Fifth-Order Accuracy. A fifth-order trav-
erse starting from existing control must start
and close on stations established to an accuracy
of fifth-order or higher. When survey control
of the required accuracy is not available, the
fieldwork and computations can be completed
and the traverse evaluated for accuracy by
using assumed starting data, provided the trav-
erse is closed on the starting station, The T16
theodolite is used to measure the angles. Hori-
zontal angles are measured one position; verti-
cal angles are measured once with the telescope

Section Il
214. Generdl

Establishing a common grid throughout an
entire corps or division artillery sector is not
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in the direct position and once with the tele-
scope in the reverse position (1D/R). Distances
are single-taped with the 30-meter steel tape
and checked for gross errors by pacing or are
measured with electronic distance-measuring
equipment if it is available.

(1) Position accuracy. The maximum al-
lowable error in position closure for
a fifth-order traverse is expressed by
the accuracy ratio of 1:1,000 or 1 me-
ter of radial error for each 1,000
meters of traverse. (See a(l)(a)
above for determination of radial
error.)

(2) Height accuracy. The maximum al-
lowable error in height closure for a
fifth-order traverse is £2 meters.

(3) Azimuth closure. The allowable error
in azimuth closure for a fifth-order
traverse is computed by the formula
AE = 0.1th X N, where N is the num-
ber of main-scheme angles in the
traverse,

¢. 1:500 Survey. The specifications and tech-
niques that apply to the fieldwork and compu-
tations of a fifth-order traverse apply to a
traverse performed to an accuracy of 1:500
with the following exceptions:
(1) Position. The allowable error in posi-
tion closure ig 1:500.
(2) Height. Vertical angles are measured
twice with the aiming circle. The
mean value should be within =0.5 mil
of the first reading. The allowable
error in height closure is =2 meters.
(8) Azimuth. Horizontal angles are meas-
ured two repetitions with the aiming
circle. The accumulated value is di-
vided by 2 to determine the mean
value, which should be within +=0.5
mil of the first reading. The allowable
error in azimuth closure is computed
by the formula AE = 0.5th X N,
where N is the number of angles in
the traverse.

TRAVERSE ADJUSTMENT

as simple as it may at first appear. When a
party is extending survey control over long
distances by traverse, the traverse may well be
within the prescribed accuracy and still be

AGO 100054



considerably 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 com-
pensation will be made for those errors which
have accumulated. A traverse executed to a
prescribed accuracy of fourth-order must
always be closed and adjusted. An adjusted
traverse is one in which the errors have been
distributed systematically 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 dis-
tance measuring which occur throughout a
traverse. Traverse adjustment is based on the
assumption that the errors have gradually
accumulated, and the corrections are made ac-
cordingly. Three adjustments must be made in
adjusting a traverse—azimuth, coordinates,
and height. These adjustments eliminate the
effects of systematic errors on the assumption
that they have been constant and equal
in their effect upon each traverse leg. Blunders,
such as dropped tape lengths or misread angles,
cannot be compensated for in traverse adjust-
ment. Additionally, a traverse which does not
meet the prescribed standard of accuracy is
not adjusted but is checked for error. If the
error cannot be found, the traverse must be
performed cgoin from the start.

215. Sources of Errors

The errors that are compensated for by
traverse adjustment are not those errors com-
monly known as mistakes or blunders but are
errors that fall into one of the following
classes:;

@. 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

AGD 10005A
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in estimating the tension applied to a stee!
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 a tape will vary directly with the
temperature; i.e., it will become longer as the
temperature increases and shorter as the tem-
perature decreases.

216. Azimvuth 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
adjust the azimuth. The azimuth error is ob-
tained by determining the difference between
the azimuth established by traverse (com-
puted) and the known azimuth at the closing
point. The azimuth correction is the azimuth
error with a sign affixed which will cause the
computed azimuth, with the correction applied,
to equal the known azimuth. For example, the
azimuth from a point to an azimuth mark is
known to be 2,571.624 mils. The closing azi-
muth of a traverse to the same azimuth mark is
determined to be 2571.554 mils. The azimuth
correction is determined as follows:

Azimuth error = known azimuth -—azimuth
established by traverse
= 2,571.624 mils —2,571.654
mils
= (.070 mil
Azimuth correction — +0.070 mil.

b. Application of Azimuth Correction. Since
traverse adjustment is based on the assumption
that errors present have accumulated gradually
and systematically throughout the traverse, the
azimuth correction is applied accordingly. The
correction is distributed egually among the
angles of the traverse with any remainder dis-
tributed to the larger angles. For example,
assume that the traverse, for which the azi-
muth correction was determined, consisted of
three traverse legs and four angles as follows:

Station Medsured angle
SCP 2410.716 mils
TS1 2759.630 mils
TS2 3765.876 mils

SCP (closing) 2886.617 mils
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The azimuth correction is divided by the total
number of angles. In this case, +0.070 mil
-4 ==0.017 mi] per angle with a remainder of
0.002 mil. Each of the four angles will be
adjusted by 0.017 mil and the two largest
angles will be adjusted by an additional 0.001
mil each to compensate for the remaining 0.002
mil.

Station Meru.ured angle c#r’rle’:;‘g:; Adjusted anple
SCp 2410.716 +0.017 2410.733
TS1 2759.630 +0.017 2759.647
TS82 3765.876 +0.018 3765.894
scrp 2886.617 +0.018 2886.635

c. Action After Adjustment. After the angles
have been adjusted, the adjusted azimuth of
each leg of the traverse should be computed by
using the starting azimuth and the adjusted
angles at each traverse station. These computa-
tions should be performed on fresh sheets of
DA Form 6-2, not on the sheets used in the
original computations. The adjusted azimuth
should be computed throughout the entire
traverse and checked against the correct azi-
muth to the clogsing azimuth mark before any
of the coordinate adjustments are begun.

217. 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,

Easting correction at
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a. Determining Easting and Northing Cor-
rections. The easting and northing corrections
for the traverse are determined by subtracting
the coordimates of the closing station (as
recomputed with the adjusted azimuth) from
the known coordinates of the closing station.

For example,

Correction — known coordinates — coordinates
established by traverse

== 550554.50—3835829.35 (correct

coordinates)
—550550.50—3835835.35
= +4.00 —6.00

(traverse coordinates)

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. Therefore, the corrections
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 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 tk,
lege in the traverse. For example, using thb,
total easting and northing corrections pre-
viously determined, assume that the total
length of the traverse is 22,216.89 meters and
that the total length of the traverse legs up
to TS4 is 3,846.35 meters,

— total easting correction X traverse length to TS4

total traverse length

TS4
= 4 4.00 x 3,846.35
22,216.89
= -+ 15,385.40
22,216.89
— -+ 0,69 meter
Northing correction at
TS4

— total northing correction X traverse length to TS4

total traverse length

= —6.00 X 3,846.35
22,216.89
= —22478.10
22,216.89
= —1.04 meters
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218. 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 Correetion. The
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height correction is determined by comparing
the height of the closing peint as established
by the traverse with the known height of the
closing point and applying a sign which will
cause the egtablished height, with the correc-
tion applied algebraically, to equal the known
height. For example:

Height correction — known 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
remainder distributed to those stations com-
puted from the longest legs. The height correc-
tion is not applied to the traverse height of

each station but is applied to the difference in
height (dH) between each traverse station.

Traverse Adjusted
Station height dH Correction hetght
SCP 478.3 478.3
TS1 486.7 +-8.4 +0.2 486.9
TS2 495.9 +9.2 +0.3 496.4
SCp 477.5 —18.4 +0.3 478.3

Section IV. LOCATION OF TRAVERSE ERRORS

219. Analysis of Traverse for Errors

A good survey plan executed by a weil-
trained party provides 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 dis-
covered until the survey has been completed.
The surveyor should be able to isclate these
errors and determine their causes. Often an
analysis of the fieldwork and the computations
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, drawn to scale,
of each survey as it is being performed. If
available, a reliable map can also be used to
advantage. If an error is apparent upon com-
pletion of the survey, the procedures in para-
graphs 220 and 221 should be followed to isolate
the error. An assumption must be made that
only one error exists. If more than one error
exists, it will not be possible to isolate the
errors,

220. Isolation of Distance Error

a. I'ndication of Distance Error. The azimuth
for the traverse closes within the allowable
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tolerance: however, the coordinate closure is in
error beyond the limits allowed for the pre-
scribed accuracy.

b. Isolation of Distance Error. Compare the
known coordinates of the closing point with the
computed coordinates of that point. From this
comparison, determine the error in easting and
the error in northing. Compute the distance
(radial error) and azimuth from the known
coordinates to the computed coordinates. If a
distance error has been made, the traverse leg
containing the distance error will have the
same azimuth (or back-azimuth) as the radial
error (fig. 62), and the distance error will be
approximately the same length as the radial
error. Remeasure the suspected traverse leg
to verify the location of the error. Under some
circumstances, several legs with azimuths ap-
proximating the azimuth of the radial error
may be suspected of containing the error. In
this case, check the computations for each
suspected leg. If there i3 no error in the com-
putations, remeasure each suspected leg until
the leg containing the error is found.

221. Isolation of Azimuth Error

a. Indication 6}' Azimuth Error. The azimuth
closure and the coordinate closure are in error
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30-meter
arror

Figure 62. Distance error.

beyond the limits allowed for the prescribed
accuracy.

b. Isolation of Azimuth Error. Compare the
computed azimuth with 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 errer, 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
extended line. Check the computations and the
field notes for that station. If ne error can be
found, remeasure the angle. If the remeasured
angle compares favorably with the original
angle, a multiple error exists and the survey
must be rerun.

¢. Alternate Solution. When a graphical plot
cannot be made, an azimuth error can be
isclated by determining the approximate dis-
tance of the station in error from the closing
station. To determine the distance, use the mil
relation formula (m = w -~ r), the distance of
the radial error, and the azimuth error of
closure. Substitute the radial error for the
width and the azimuth error of clesure for the
mils in the formula. For example, Range (in
thousands)  to suspected stations — radial
error -:- azimuth error of closure or
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r—Ww-—m
= 100 meters -+ 10 mils
— 10 (range in thousands)
= 10,000 meters

This procedure may be used to determine one
or more suspect stations. By trial and error and
systematic elimination, the station in error
may be located, To locate the station in error,
compare the known coordinates of the closing
station with the coordinates of a suspect sta-
tion and compute the azimuth and distanee
between the two. Then compare the computed
coordinates of the closing station with the co-
ordinates of the suspect station and compute
the azimuth and distance between the two. If
the error is at that station, the azimuths 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. 63). Repeat the procedure
for each of the suspect stations. When the
suspect 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 com-
pares favorably with the original angle, rerun
the entire survey.
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Figure 68. Azimuth error.
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CHAPTER 9
TRIANGULATION

Section L.

222. Purpose of Triangulation in
Artillery Surveys

a. Triangulation is a method of extending
survey control through the use of triangular
figures. Measured horizontal angles and one
measured side of the triangle serve as the basis
for determining the length of the remaining
sides. A wide range of combinations of known
data exists with which required data may be
determined. These combinations range from
the simple single triangle with a measured
base and three measured angles to the solution
of two adjacent triangles, from three known
positions, with two measured angles in a three-
point resection problem. Triangulation methods
may be used at all levels of artillery survey to
determine the position of control points. It is
generally better to use triangulation in situa-
tions in which the distance involved or the
terrain traverge difficult or impossible. More
detailed planning and reconnaissance is re-
quired for triangulation than for other
methods,

b. Direct support artillery units may find tri-
angulation of value in the conduct of connec-
tion surveys between position areas and target
areas. Triangulation is -well suited to situa-
tions involving the extension of survey control
over long distances {(e.g., 10 to 20 kilometers
per party), such as those required in division
artillery and corps artillery survey. The issue
of distance-measuring equipment, has, how-
ever, shifted the emphasis at these levels
to the use of DME traverse. Although the
DME ftraverse is a rapid and accurate
means of providing the required control, it
is wholly dependent on the successful opera-
tion of a delicate electronic device, the DME.
When electronic countermeasures (ECM) are
employed or during periods of electronic silence,
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the DME cannot be used. For this reason,
artillery surveyors must maintain proficiency
in triangulation,

223. Terminology Associated with
Triangulation

a. Aecuracy ratio is a ratio of linear preci-
sion, such as 1:3,000 {meaning that for every
3,000 units surveyed the error must not exceed
one unit), computed in triangulation when the
scheme closes on a known control point. The
accuracy ratio is computed by dividing the
radial error into the total distance surveyed.
The radial error is determined as discussed in
paragraph 213; the total distance is the sum
of the lengths of the shortest triangle sides
connecting the starting point and the closing
point.

b. Adjustment is the distribution of angular
and linear errors throughout a scheme and the
subsequent recomputation of positions.

c. Azimuth check is the periodic determina-
tion of azimuth by astronomic or gyroscopic
means for the purpose of checking the azimuth
of triangle sides.

d. The base is a line the length and azimuth
of which are known, as well as the coordinates
and height of one or both ends. The bage is
used as one side of a triangle to determine the
azimuth and length of the other sides. Base
lengths can be computed between stations of
known position, double-taped, or determined
by electronic distance-measuring equipment.
Base azimuths can be determined by computa-
tion from known positions, by astronomic
observation, or by gyroscopic means.

e. A chain is a scheme of several of the same
type of figures connected by common sides, as

AGOQ 10005A



a chain of single triangles or a chain of
quadrilaterals,

f. A check base is a side of one triangle in a
chain or scheme designated as the place in the
scheme where the computed length and azi-
muth of the side, as carried through the
scheme, is compared to the observed length and
azimuth of the same side. A triangle side in
at least every fifth triangle is normally
designated a check base.

g. The closing error is the amount by which
data determined by the triangulation differs
from known data. Closing errors in azimuth,
height, position, and/or length are normally
determined when triangulation closes,

h. Closure is a term used to describe the
tie-in of triangulation to known control.

i, Distance angles are the angles in a tri-
angle opposite a side used as a base in the solu-
tion of the triangle or opposite a side the
length of which is to be computed. In a chain
of single triangles, as the computation proceeds
through the chain, two sides of each triangle
are used—a known side and a side to be deter-
mined. The angles opposite these sides are the
distance angles.

4. Errar in position is the difference between
the position of a point determined by triangula-
tion and the position of known control. Error
in position is usually expressed in terms of
the radial error.

k. A figure is a term used to identify one
triangle or one quadrilateral in a chain of
triangles,

l. Intersection is a method of survey which
employs one triangular figure in which only
two angles are measured. The size of the third
angle is computed from the values of the two
measured angles,

m, A scheme 13 a broad term applied to
planned triangulation. A scheme of triangula-
tion may include single triangles, a chain of
triangles, and/or a chain of quadrilaterals,

n. Spherical excess, although not normally a
concern of artillery surveyors, is a measure of
the amount by which the sum of the three
interior angles of a triangle exceeds 3,200 mils
due to curvature of the earth,
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0. Square root of K ( v/ K ) is used in the
evaluation of fourth-order surveys to apply
the principle that errors accrue as a function
of the square root of opportunity for error. K
represents distance in kilometers,

p. Square root of N ( \/ N ) i3 used in the
evaluation of fourth-order surveys to apply the
principle that errors accrue as a function of the
square root of the opportunity for error. N
represents the number of stations,

q. Strength of figure 1s an expression of the
comparative precision of computed lengths in
a triangulation net as determined by the size
of the angles, Conditions other than size of
angles are considered in surveys of a higher
order than those encountered in artillery
survey,

r. Summation R1 (3R1) is a term used to -
denote the sum of the strength factors for the
stronger route in a triangulation net. {The
Greek letter sigma is used as the abbreviation.)

5. Triangle elosure is a term associated with
the amount by which the sum of the three
angles of a plane triangle fails to equal 3,200
mils.

224. Triangulation Figures

a. Acceptable Triangulation Figures, The
nature of the operation, which dictates the
time available and the accuraey required, is
generally the factor which governs the selec-
tion of the type of triangulation figure to be
employed. Acceptable figures for use in
artillery survey are as follows:

(1) Single triangle. The single triangle
{fig. 64) i3 an acceptable figure but
should be used only when time does
not permit the use of a quadrilateral.
The single triangle does not provide
a check on the computed value of the
unknown side as is afforded by other
figures. A survey operation completed
by the use of one single triangle is not
considered to be a closed survey. For
such a survey operation to be a closed
survey, the unknown point should be
surveyed by use of a quadrilateral or
the survey should be extended and
tied to a known point, The single tri-
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Figure 64. A single triangle.

angle can be used to advantage when
an obtacle must be crossed in a taped
traverse.

(2) Quaedrilateral. One quadrilateral (fig.

65) can be used to extend survey con-
trol. Since the length of the required
side can be computed through two
pairs of triangles and a check made,
a survey employing a quadrilateral is
considered to be a closed survey.

(3) Chain of single triangles. In a chain

of single triangles (fig. 66), as in a
single triangle, the only check avail-
able is that afforded by the closure of
each triangle te 3,200 mils. A survey
operation completed by use of a chain
of single triangles is not considered to

FORWARD LINE

BASE

Dv

=C

be a closed survey unless a check base
measurement is performed and the
comparison results in a satisfactory
check or unless the scheme is tied to
existing control. When time permits,
the added observations should be made
to make the chain of single triangles a
chain of quadrilaterals.

(4) Chain of quadrilaterals, Use of a

chain of gquadrilaterals (fig. 66) is
favored for the extension of survey
control since this figure has desirable
check features. In practice, this figure
is generally used when long distances
over favorable terrain are to be
covered. It is used primarily at
divigion artillery and corps artillery
levels. Its use in the field artillery
battalion is generally limited to situa-
tions wherein time is not ecritical;
which cause departure from estab-
lished practice, e.g., BnSCP furnished
8 to 10 kilometers from battalion;
or where it is desired to strengthen
previously completed chains of single
triangles.

(8) Chain of polygons. A polygon is a

figure of three, four, five, or more
gides. A network of these figures,
with central points occupied, can be
used effectively to extend control over
a wide area and to tailor a survey
scheme to the available terrain. The
advantages of using a chain of
polygons are similar to those of using
the quadrilateral; i.e., side lengths
can be computed through several
different triangles.

DIRECTION OF CONTROL EXTENSION

Figure 65. A guadrilateral,
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Figure 66. Triangulation schemes.

b. Strength of Triangulation Figures. The
sine function is used in the computation of
triangle sides. Values computed from the sine
of angles near 0 mil or 3,200 mils are subject
to large ratios of error. For this reason, the
distance angles in any triangulation figure
must be greater than 400 mils.

225, Accuracy of Triangulation

Triangulation is performed in both artillery

Section ll,

227. Fieldwork

¢. The fieldwork for a gingle triangle is per-
formed to determine the size of the interior
horizontal angles, the size of the vertical
angles, and the length and azimuth of a side.
Figures 67 through 69 are samples of field
notes taken during triangulation.

(1) Horizontal angles. At each of the three
points forming the triangle, the
horizontal angle between the other
two points is measured. In triangles
forming a part of a fifth-order survey,
horizontal! angles are measured one
position with the T16 theodolite; for
fourth-order survey, horizontal angles
are measured two positions with the

AGO 10005A
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fifth- and fourth-order surveys. The relative
merits of the triangulation method, as com-
pared with other methods, e.g., traverse, are
based only on the nature of the operation and
the terrain and not on the degree of precision
to be attained. The principal factors in the
determination of the accuracy of triangulation
are the average allowable triangle closure and
the discrepancy between the measured length
of a line and its length as computed through
the scheme from a previously established base.
These factors together with the adherence to
prescribed specifications, define the order of
accuracy of the triangulation. The complete
specificationsg to achieve fifth- and fourth-order
accuracies are shown:in appendix 11.

226. Reconnaissance and Planning

The reconnaissance consists of the selection
of stations; the number and locations of the
stations, in turn, determine the size and shape
of the resulting triangles, the number of sta-
tions to be occupied, and the number of angles
to be measured. During the reconnaissance,
consideration is given to the intervisibility and
accessibility of stations, the usefulness of the
stations for other requirements, the strength
of figure factors, the signals to be used at sta-
tions, and. the-suitability of the terrain for base
line and check base measurements.

SINGLE TRIANGLE

T2 theodolite with agreement between
the positions held to 0.05 mil.

(2) Vertical angles, Vertical angles are
measured once with the telescope in
the direct position and once with the
telescope in the reverse position for
both fourth- and fifth-order surveys.
Reciprocal vertical angles should be
measured in order to cancel the
effects of curvature and refraction.

(3) Base length. The length of the side of
the triangle to be used as the base
may be determined by computation
from known coordinates, by double-
taping, or by  using electronic
distance-measuring equipment,
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Figure 67. Recorder's motes for aiming cirele triangulation.

(a) Computation from known coordi- meter requires two coarse and four
nates, When both ends of the line fine readings; with the DME, the
selected as the base are known sur- line should be measured in both
vey control points, the length of directions. These criteria apply to
the base can be computed using both  fourth- and fifth-order
DA Form 6-1. The stations selected surveys.
must have been established as part (4) Base azimuth. DA Form 6-1 may be
of the same survey net and should i h
bl o used to determine the azimuth of the
the siirvey being conducted. base when both ends of t}}e base are

; known survey control points. When

(b) Taping. The base must be double-

taped to a comparative accuracy of
1:7,000 for fourth-order survey and
1:3,000 for fifth-order survey.

(c¢) Electronic distance measuri;ftg. The
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length of the base of a triangle can
be rapidly and accurately deter-
mined by using electronic distance-
measuring equipment. Base length
determination with the Telluro-

the base length is determined by tap-
ing or by using electronic distance-
measuring instruments, the azimuth
must be determined by astronomic
means or, when celestial bodies are
not usable, by gyroscopic means.

b. The complete specifications for fieldwork

for fourth- and fifth-order surveys are shown in
appendix II.
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Figure 63. Recorder’s notes for fifth-order, T16 theodolite, triangulation.

228. Computation of a Single Triangle

a. The purpose of triangulation computations
iz to determine the coordinates and height of
an unknown point (fig. 70). The requirements
for these computations are azimuth of the base,
length of the base, value of the distance angles,
and a vertical angle from one of the known
points (A or B) to the unknown point.

b. The mathematical basis for determining
the distance is the law of sines (fig. 71}. The
law of sines states that in a triangle the sides
are proportional to the gines of the angles
opposite them or, a g b ¢

gin A gin B sin C

The two parts of the formula that involve both
known data and required data are selected, and
the unknown element is isolated on one side of
the equals sign. For example, if side BC is
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known and all the angles have been measured,
the length of either side CA or BA can be
computed.

To solve for side CA: To solve for side BA :
b a a (4

gin B sin A sin A~ sin C

b sin A=a sin B c 8in A=a sin C

__asinB _ a 8in C
sin A ~  sin A

¢. After the length of the desired side is
computed from the law of sines, the azimuth
of the desired side is determined by applying
the measured angle to the known base azimuth.
The vertical angle is known from the fieldwork.
The elements essential for the computation of
easting, northing, and height are now known,
The remainder of the computations is identical
with the computations in a traverse problem.
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Figure 69. Recorder’s notes for fourth-order, T2 theodolite, triangulation.

These computations are fundamental to all tri-
angulation operations from the simple single
triangle to the mest complex gquadrilateral or
central point figure.

d. The form provided to simplify and sys-
tematize the triangle solution is DA Form 6-8.
The front side of DA Form 6-8 i3 designed for
the solution of two single triangles. In figure
72, DA Form 6-8 is divided into four major
parts labeled A through D. These parts are
described in (1) through (4) below.

(1) Part A. Spaces are provided for entry
of the three station names and are
keyed to a triangle sketch. The base
of the triangle is always the line CB.
Angles from the field notebook are
recorded in the OBSERVED
ANGLES column. The sum of the
observed angles i3 compared to 3,200
mils; if the difference is within the

138

(2)

tolerable limits for the order of sur-
vey being conducted, the difference is
divided by 3 and listed by each station
under the CORRECTION column,
preceded by the appropriate sign.
When the difference is not evenly
divigible by 3, the remainder is dis-
tributed to the larger angles. The
results of applying the values in the
correction celumn to the values in the
observed angies eojlumn are listed in
the CORRECTED ANGLES column,
together with the total, 3,200 mils.

Part B. Two determinations essential
to solving the problem are made in
part B. In the upper right corner of
part B, spaces are provided for deter-
mining the logarithm of the UTM
grid length of the base. The block to
the left is used for the solution of the

AGO 100054
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Computation requirements.
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Figure 71.

Law of sines.
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(3)

law of sir.cs for either side CA or BA.
Instructicns relating to the side not
being sol7ed should be lined out.

Part €. Part C provides spaces for
determining the azimuth from B to
A or from C to A. This azimuth must
be deterrnined before E and N can be
computed. The base azimuth must be
known and expressed as C to B, if
coordinates are to be computed
through side CA, or as B to C, if co-
ordinates are to be computed throug'h
side BA. To the azimuth is added
either the corrected angle at B or the
corrected angle at C, subtracted from
6,400 mils. When the corrected angle
at C is used, the auxiliary block TO
FIND STATION ANGLE AT C is
used. The sum is the azimuth from C
to A or from B to A and will be used
to determine the bearing angle.
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Figure 72. Main parts of DA Form 6-8.

(4) Part D. Part D is used to reduce the
azimuth to a bearing and provides
spaces for the computation of dE, dN,
and dH and the application of these
values to the E, N, and H of station B
or C. Lines 6 through 10 are used to
mean vertical angles which were
observed in both directions (recipro-
cal). The computations are complete
when the coordinates for E, N, and H
of the forward station have been
determined.

e. For height determination, the vertical
angle is measured reciprocally to the height of
instrument (HI) at each station or, if the dis-
tance is too great, the vertical angle is meas-

]
A | D

Height of point C
is known. /# in-
dicates forward

line,

c B

Figure 73. Route of trigonometric height computations.
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ured to the height of a target erected over the
station. When the measurements are to HI, the
heights of triangulation stations are computed
on DA Form 6-8. If the length of the side is
greater than 1,000 meters and if the vertical
angle is not measured reciprocally, the table of
curvature and refraction corrections on the
back of DA Form 6-8 must be used. The log
length of the side computed is used to enter the
table. When the vertical angle is measured to
a target erected over the station or to any point
other than HI, the height of the unknown sta-
tion is computed on DA Form 6-2b (fig. 59).
Instructions for the use of DA Form 6-2b are
on the back of the form (fig. 60). Height con-
trol is extended along the forward line of each
triangle in the scheme; therefore, the computa-
tions for height control follow the same route
(fig. 73) as those for coordinates.

f. The selection of side CA or side BA as the
required side in a single triangle is governed
by the strength of the angles at B and C. The
side selected is the side opposite the stronger
(nearer 1,600 mils) of the two angles. If the
coordinates of only one end of the base are
known, it may become necessary to use the
opposite end of the base for the occupied sta-
tion. Coordinates of that point are computed
as in traverse. Figure 74 is a completed DA
Form 6-8, showing the computations for a
fifth-order triangulation scheme.

AGO 10005A
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Section I,

229. Chain of Single Triangles

¢. More distance can be covered and more
survey control established by joining single
triangles together with a common side. Tri-
angles so connected are referred to as a chain
of single triangles (fig. 75). In all the triangles
except the final triangle of the scheme, the side
commeon to two triangles is called the forward
gide and is the side whose length is determined
in the computation. This side then becomes the
base of the next triangle in the chain. Although
the chain of single triangles offers but one
route for the computation, strength of figure is
a congideration in planning the chain.

b. The size of the distance angles in a tri-
angle is used as the measure of relative
strength. The strength factors of a triangle are
determined by use of a strength of figure table
(fig. 76). The distance angles of the triangle
serve as arguments for entering the table—the
small distance angle dictates the column; the
larger distance angle, the row. The smaller the
factor, the greater the relative strength of the
triangle.

_ ¢. When the sum of the strength factors in a
chain of single triangles exceeds 200 or at every
fifth triangle, a check base should be measured.
If the difference between the computed length
and azimuth and the measured length and azi-
muth is within prescribed tolerances, the
scheme may be continued, using the measured
data. For fifth-order surveys, the computed
length of the check base must agree with the
measured length within 1:1,000 and the com-
puted azimuth must agree with the astro or
gyro azimuth within 0.1 mil times the number
of angles used to carry the azimuth to the
check base. For fourth-order surveys, the

A ] D

c = B8

Figure 75. Chain of single triangles.
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CHAINS OF TRIANGLES

check comparisons are 1:3,000 and 0.1 mil X
v/ N where N is the number of angles used to
carry the azimuth to the check base.

d. Computation of the chain of single tri-
angles is performed on DA Form 6-8. The
form is used as described in paragraph 228
except that the taped base block in the upper
right corner is used only for the first triangle
in the chain; for subsequent triangles, the log
of the side to be used as the base is used from
the preceding triangie.

e. A chain of single triangles does not
provide sufficient internal checks to guard
against survey blunders or a means of estimat-
ing the accuracy of the work. If convenient, the
chain of triangles may be closed on a second
known survey point and its accuracy may be
computed by the fraverse accuracy ratio
formula. If this is done, the length of the sur-
vey used in the accuracy computation should be
the sum of the lengths of the shortest triangle
sides connecting the starting point with the
closing point. The lengths can be determined
from a map or computed by slide rule if they
were not computed in the scheme, In general,
a base check is simpler and provides an
adequate check. The length of the terminal side
of the final triangle is measured and compared
with the length computed through the chain of
triangles. The allowable closing error in posi-
tion or the results of a base check are specified
in appendix IT for the order of survey being
performed. In either case, if the chain of tri-
angles consists of more than five triangles, the
lengths of additional sides must be measured
80 that there are not more than five triangles
between measured sides. The azimuth of the
terminal leg should be determined by astro-
nomic or gyroscopic observation at the earliest
practicable time to guard against degrading the
azimuth due to lack of refinements in the
method of computations. Error in azimuth is
determined by comparing the trig list azimuth
or the astro or gyro azimuth with the azimuth -
from the scheme. The number of main scheme
angles for the purpose of the check is equal to
the number of triangles in the scheme. If the
comparison of the measured values with the
computed values agrees with the specifications

AGO 100054
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o
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A FORWARD LINE
Fa¥

FORWARD LINE

A—;; —————— —

Fay
ONE CHAIN OF TRIANGLES
IN THE QUADRILATERAL

OTHER CHAIN OF TRIANGLES
IN THE QUADRIL ATERAL

Figure 77. A quadrilateral separated into two single chains of two triangles each.

in appendix II, the scheme should be continued,
using the measured data. Adjustment of com-
puted values to measured values may be per-
formed at the SIC using machine-programmed
computers,

230. Chain of Quadrilaterials

a. A quadrilateral is a four-sided figure used
for the extension of survey control. In artillery

Distance angles = I510ah ~|0700h = §
Distance angles= 1690ai- 890m=3
Total strength of figures =4

R1

surveys, both diagonals of the figure must be
observed. Each diagenal divides the figure into
two triangles with the diagonal common te both
triangles. Figure 77 shows a quadrilateral
divided by its diagonals,

b. The requirements for the computation of a
quadrilateral are the same as those for the
computation of a single triangle; i.e., the length
of the base, the azimuth of the base, and the

Cistance angles = ISI0dh - 980m = 2

Distance angles = 16906i-800di=4

[RE——

Total strength of figures -2 6
R2

Figure 78. Determination of Bl and B2 chains,
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coordinates of at least one of the ends of the
base, The side of the quadrilateral opposite the
base in a single quadrilateral or the side com-
mon te two quadrilaterals iz designated the
forward line. The forward line is computed
through both pairs of triangles. This gives a
bagis for checking the length of the forward
line¢ Failure of the two computed lengths to
ag:&indicates either an error in computing or
an error in the fieldwork.

¢. One of the pairs of triangles is of better
geometric shape than the other, thus giving
better relative strength of figure. The pair
determined to be the stronger is designated the
R1 chain; the other the R2 chain. Positions are
computed only through the R1 chain; the for-
ward line is computed through both chains,
The selection of R1 is based on strength factors
determined from the strength of figure factors
table (fig. 76). The two distance angies of
each triangle, rounded off to the nearest value
tabulated in the strength of figure table, are
used to enter the table. 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 RI1, chain.
Figure 78 illustrates the determination of
strength factors.

d. DA Form 6-8 is use for the computation
of a quadrilateral, The two triangles forming
the R1 chain are computed on the front of
the form; the triangles forming the R2 chain,
on the back of the form. Only the log length
of the forward line of the R2 chain is com-
puted. Spaces are provided on the back of the
form for comparing the log lengths of the
forward line, as determined through R1 and
R2. If the two log lengths agree within 5 in
the fifth place of the mantissa, the computa-
tions and fieldwork are considered to be correct
and E, N and H can then be computed, using
the R1 chain, If the comparison results in a
greater difference than 5 in the fifth place of
the mantissa, the computations and/or field-
work must be checked. Computations of a
quadrilateral are illustrated in figures 79 and
80.

e. A survey operation in which quadrilat-
erals are used should be tied to existing control
when possible, A completed quadrilateral is

AGO 10006A
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considered to be a closed survey; however a
check base should be included to obtain a
measure of the accuracy of the scheme. Check
bases should be included at every fifth quad-
rilateral or when the summation of the Rl
values in the scheme exceeds 200,

f. When it is impossible to observe the
diagonals of a quadrilateral, the central point
is used. Two central point figures commonly
used are shown in figures 81 and 82. Central
point figures of six or more sides are not gen-
erally used because of the excessive time and
the number of personnel required to accomplish
the fieldwork. The solution of the central point
scheme is similar to the solution of the basic
quadrilateral. The R1 and the R2 chains must
be determined. In figures 81 and 82, each
scheme contains two chains of triangles, one
going clockwise around the central peint and
the other going counterclockwise. In figure 82,
if AB were the base and DC the forward line,

D c
2 s 4
X
I
A B
Figure 81, Central point quadrilateral.
c
D
4
5
3 X| B
E
A

Figure 82, Central point pentagon,
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the chain of triangles going clockwise would

contain four triangles and the chain of tri-
angles going counterclockwise would contain
only three triangles. However, the relative

Section IV.

231. General

Intersection is a method of triangulation in
which only two angles in a triangle are meas-
ured. The third angle is determined by sub-
tracting the sum of the two measured angles
from 38,200 mils (180°).

232. Specifications

See appendix II for specifications and

techniques in triangulation.

233.

Intersection field notes are maintained in
the same manner as triangulation field notes
{figs. 67, 68, and 69).

Intersection Field Notes

Section V.

236. Three-Point Resection

Three-point resection is a method of obtain-
ing control from three visible known points.
The fieldwork required for the solution is
relatively simple. However, before the field-
work is begun, several factors must be con-
gidered. A map reconnaissance is of prime im-
portance. In figure 83, pointa A, B, and C are
the known points and point P is the oceupied
station for which coordinates are to be deter-

WWW.SURVIVALEBOOKS.COM

strength of the chain of four triangles when
compared with the relative strength of the
chain of three triangles, may make it the R1
chain.

INTERSECTION

234. Limitations

As in triangulation, no distance angle in the
triangle should be less than 400 mils (2214°) or
greater than 2,800 mils (15714°) ; an angle be-
tween 533 mils (30°) and 2,667 mils (150°)
is preferred. The only exception to this is when
intersection is used in target area survey when
the apex angle should not be less than 150 mils
and should preferably be at least 300 mila.

235. Intersection Computations

Intersection computations are the same as
those used for triangulation except that, on
the DA Form 6-8, the unmeasured angle must
be computed and the angles in the triangle are
not adjusted.

RESECTION

mined. All points should be selected 8o that
angles P1, P2, C, and B are at least 400 mils
(2214°) and preferably greater than 533 mils
(30°). In addition, if the sum of the angles P1,
P2, and Al is between 2,845 mils and 3,555 mils
(160° and 200°), no valid solution is possible.
Fieldwork consists of measuring angles P1 and
P2 and the vertical angle from P to the known
point for which the height is also known,
preferably point A.

Figure 83. A three-point resection.
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237. DA Form 6-19

a, DA Form 6-19 (figs. 84 and 85) is used
for the computation of a three-point resection
problem.

b. Entries required are the coordinates of
points A, B, and C and the horizontal angles
and vertical angle measured at point P,

¢. The formulas to be used are shown on the
back of the form,

238. Two-Point Resection

Two-point resection is a method of survey
similar to three-peint resection, In two-point
resection, control is obtained from two visible
known points. In figure 86, points A and B
are inaccessible points of known survey con-
trol. Peints R and Q are points from which the
other three points are visible. The solution of
this scheme ig the same as that of a quadri-
lateral except that the angles at peints A and
B are not measured. As with three-point re-
section, certain preliminary operations must

be performed. A map reconnaissance iz re-

quired to insure that all interior angles are at
least 400 mils (2214°) and preferably greater
than 533 mils (30°), Also, points A and B
must be visible from R and Q, and R and Q must
be intervisible, Fieldwork consists of measur-

ARZAI B2

R R2 al Q

Figure 86. Two-pomnt resection.
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ing angles R1, R2, Q1, and Q2 and vertical
angles to A from R and Q.

239. DA Form 6-18

a. DA Form 6-18 (figs. 87 and 88) is used for
the computation of a two-peint resection prob-
lem. If only the coordinates of point R are
desired, the section labeled TO LLOCATE STA-
TION @ (lines 36 through 40) is not used. If
only the location of point Q is desired, the sec-
tion labeled TO 1.OCATE STATION R (lines
41 through 45) is not used.

b. Entries required are the coordinates of
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.

240. Limitations and Use of Resection

As a general rule, a point located by resection
{two- or three-point) should not be used as a
point from which to extend survey control
unless the location is checked by some other
means of survey. However, two-peint or three-
point resection can be used to locate a battery
center or to establish the 01-02 target area
base of a field artillery battalion. If known
points are available, resection probably would
be more rapid than the traverse method and
would allow the unit to conduct unobserved fire
much sooner. If necessary, corrections can be
made later by traversing to a known point, In
addition, resection may be used to locate any
single point, to check a location determined by
some other means of survey, or to verify points
of suspended known control.

241. 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
section.
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CHAPTER 10
TRILATERATION

242. General

Trilateration is a method of survey in which
the sides, rather than the angles, of a triangle
are measured in the field. The interior angles
of the triangle are then eomputed from the
length of the sides. The availability of elee-
tronic distance-measuring devices makes the
use of this method feasible in artillery surveys.
Taping the distances would be uneconomical
because of the manpower and time involved,

243. Employment

Since the range capability of electronic’

distance-measuring devices exceeds the optical
range of issued theodolites and Tellurometers,
trilateration can be used in survey operations
involving long distances. Trilateration can also
be used in operations involving shorter dis-
tances, when poor visibility restricts lines of
sight.

244. Limitations

Trilateration measurements and computa-
tions are affected by—

a. Unstable atmospheric conditions which
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influence the probable error of the measured
distance.

b. Angular distortions resulting from dis-
tance errors.

¢. The quality of wvertical control used to
reduce slope distances to horizontal distances.

d. The requirement to use quadrilateral
figures.

¢. A minimum permissible interior angle of
400 mils.

f. The requirement to obtain direction from
another sourece.

245, Computations

DA form 6-7a is used for the computation of
angles from measured distances (fig. 89). The
angles are then used in conjunction with the
side lengths to extend coordinate control, pro-
vided a known direction is available. Height is
determined by altimetry {(ch. 11). The side
lengths used on DA Form 6-7a can be UTM
grid or sea level distances. If sea level distances
are used, they must be converted to UTM grid
distances, by use of the log scale factor, when
the coordinates are computed on DA Form 6-2.
Complete specifications for trilateration are
tabulated in appendix I1.

AGO 10005A



WWW.SURVIVALEBOOKS.COM

COMPUTATION — PLANE TRIANGLE
{Using Thres Sides)
(FM 6-2)
(UTM grid :E?Jﬂ:ﬁ:vlil %Q:Ices of sdea SKETGH.
a a.b ond ¢
OPTIONAL  DATA 1
Plone UTMgrid azimuth line o,
b, or c.
KNOWN AZIMUTH C
b 14
;Piig;gonu;l'MB%rri:%coorditmes I
¢ , ] KNOWN COORDINATE'S ¢ Lt Ng
Sta. E . -3
el 11
|| KNOWN LENGTH o = 91 {27!07 NOTE. Alwoys use o os longest known side.
2| KNOWN LENGTH b = bl 1:0_7;:25 ig| an - 3j 75’5{8#57
3| KNOWN LENGTH ¢ = £9 ]73:5 20{ LOG SIN (18) =9 :‘77713/87
J e+ @ =| 242 0785|2940 =|31763,/64¢
5| 7OF (4} = 12l :031'72 22[ LoG () =] 3:950'331
gl ) =| 97,2707 @ - e =|9,802.8330
7| 51=18) = 27:76][35 24| ANGLE HAVING LOG SIN (23)=r, = 7}00:9;
8| LOG (7} =13, #73,75%] =| 23:952%9633
{
o] LG (5) =|4,082 9260 2d 20 =19,977,3187
i
o] (8)+48) =7 556 \,83d 77| @5+ 2o =(2,930,2820]
(1| cos 2 =13,785 7457 2 = =17,960,3314
2( (o) - ) =|3 :770 :337_.; 29| (27)—(28) =|q [?5‘?:‘?505
5| I =[3 (952 (9433] 3 ANeLE HavinG LoG SIN 2915, = 12, 1.5 44
14| U21= 43 = q:g,?' :87#0 PARTIAL PROOF
15| 10,000 0000+{(14) =19.,217 8740 3| 1& = /2,3 73 :é‘
6| 4oF ts) = 91703 193 70| 3¢ 24 = 7 00 4l
7] ANGLE HAVING LOG GOS {16) = é ]'35,!9 33| {30 = /2 : 25:—5‘#
18| 2 x (7hq, 4 121 73164] 39| Gosen+en=800 =| 32,000
REMARK
COMPUTER GHECKER DATE-
PFC GEROLD SG6T KANDRA 27 JuL 19—

FORM
' SEP &2

DA -7a

REPLACES EDITION OF 1

oCT 52, WHICH [S OBSOLETE,

Figure 89, Solution of trilateration problem, fourth-order survey, on DA Form 6--7a.
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CHAPTER 11
ALTIMETRY

Section 1.

246. General

a. The. 4,500-meter surveying altimeter is
used in artillery survey to determine the
heights of stations that are not optically inter-
visible and heights that cannot be determined
by trigonometric methods. The introduction of
electronic distance-measuring equipment into
artillery survey has provided the capability of
measuring distances between points lacking
intervisibility. This capability makes it pos-
sible for the artillery to use the trilateration
method of survey in extending survey control,
Use of the electronic distance-measuring equip-
ment in conjunction with trilateration places
added importance on the use of the altimeter,

b. 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. If weather con-
ditions 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 rapidly compute the
altitude (height) of that point. In altimetry
this is essentially what takes place; however,
because weather conditions, instruments, and
geological and geographical conditions wvary
widely and because air varies in density, 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 to use as a basis for
the pressure-altitude ratio. Variations from the
standard conditions are converted to correc-
tions and applied as required to compensate for
their effect. The standard conditions for
altimetry are based on the International Civil
Aeronautics Organization (ICAQO) standard
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GENERAL

atmosphere which is commonly accepted by the
Army, Navy, and Air Force as having standard
values. The standard conditions for altimetry
as it is used by the artillery are as follows:

(1) Instrument temperature—75° F.

(2) Air temperature—50° F.

(3) Relative humidity—100 percent.

(4) Latitude—45° N (S}).

(5) Altitude—-+450 meters.

(6) Gravity acceleration—32.2 feet per
second.

(7) Wind—0 MPH.

247. Surveying Altimeter

@. The altimeter issued to artillery units {fig.
90) is the altimeter, surveying, 4,500-meter,
2-meter divisions; it is normally issued and
used in conjunction with the Tellurometer or
DME. ‘

b. 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). Under standard con-
ditions, it has a range from 300 meters below to
4,500 meters above sea level. The instrument
contains an aneroid element consisting of a
single vacuum chamber. Expansion or contrac-
tion of this chamber is indicated by the rotation
of an indicating hand and the movement of a
revolution indicator. *

¢. The altimeter has a circular dial with four
scales; two scales are outside the circular
{annular) mirror, and two scales are inside
the mirror (fig. 91). The indicating hand
makes nearly four revolutions in measuring
throughout the range of the altimeter. A
revolution indicator designates which scale

AGO 10005A
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Figure 90. Surveying altimeter, },600-meter, 2-meter divigions.

should be read. Zero on the dial corresponds to
a pressure-height of 300 meters below mean sea
level under standard conditions; 4,800 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 altim-
eter dial is custom calibrated for the vacuum
chamber and mechanical linkage with which
it i3 to be used. For this reason, the dial, the
vacuum chamber, all parts of the mechanical
linkage, and the instrument temperature cor-
rection chart are not interchangeable with
corresponding parts of other altimeters. In
the face of the dial is a desiccant condition in-
dicator which becomes pink when moisture
within the case is excessive.

d. The case is airtight except for a small vent
which permits the pressure inside the case to

AGO 10005A

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 instrument is packed
for shipping. A built-in night lighting system
uses standard flashlight batteries and lamps.
Scale lighting is controlled by a switch and
rheostat assembly. Batteries should be placed in
the case only for night operations. A silica gel
desiccant is in a container in the lower part of
the case. A reading glass, a folding sling psy-
chrometer, a spanner wrench, calibration
charts, correction tables, and spare parts are
stored in the lid of the case.

248, Sling Psychrometer
a. The sling psychrometer provides the wet
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Figure 81. Altimeter dial.

bulb and dry bulb temperatures that are used
to obtain the correction factor for air tem-
perature and relative humidity. The psychro-
meter consists of two identical Fahrenheit
thermometers (the bulb of cne thermometer
is covered by a cloth wick) suspended from a
bar and enclosed in metal sheaths to prevent
breakage. Psychrometer readings are made as
follows: Unfold the psychrometer and saturate
the wick of the wet bulb thermometer with
clean water. Holding the handle of the psychro-
meter in one hand with the link and thermo-
meter assembly at a right angle to the handie,
rotate the psychrometer two or more revolu-
tions per second for at least 1 minute. Im-
mediately read and record the temperatures of
both thermometers, first the wet bulb tempera-
ture and then the dry bulb temperature. (If
the air temperature is below 32° F, only a dry
bulb reading is taken and the correction factor
is determined from this reading.)

b. The thermometers should be checked
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against a standard thermometer or against
each other. When this check i3 made, the wet
bulb reading must be made with a dry wick. A
correction factor should be determined for a
thermometer that does not agree within 2° of
the standard thermometer, If the thermometers
are checked against each other and a difference
of more than 2° exists, a correction factor
should be determined for the wet buib thermo-
meter and recorded in the instrument case.
This correction factor will be applied to all
field data determined by the psychrometer.

249, Weather Conditions

The accuracy of heights determined by altim-
etric leveling depends on the stability of pre-
vailing weather conditions. Valid results can-
not be obtained during periods of strong or
gusty winds or during thunderstorms or other
turbulent weather conditions. In general, the
best results are obtained when windspeeds are
less than 10 miles per hour. When wind

AGO 10005A



velocities exceed 15 miles per hour, altimetry
should not be relied on as a method of deter-
mining height. Generally weather conditions
are most unstable from 1000 to 1400 hours, and
an altimeter reading should not be made during
these hours if it can be avoided. The atmos-
pheric conditiens 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.

250. Care and Maintenance of the Altimeter

a. Although the surveying altimeter is a
delicate instrument, it is rugged enough to be
used for field survey if handled properly and
protected from shock. The instrument and its
accessories 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 periodically.
The instrument should not be oiled. Oil will
interfere with the operation of the instrument
and cause erroneous readings.

Section I,

251. Methods of Altimetry

a. Two methods of altimetry are employed in
artillery survey. These methods are—

(1) The leapfrog methoed (para 258)
which is of primary interest to the
artillery since this method is partic-
ularly. suited for use in conjunction
with Tellurometer or DME systems.

(2) The single-base method (para 261)
which is of secondary interest to the
artillery but may be used in special
gituations.

b. Both methods of altimetry employ a base
station and field stations. A base station is a
station or point of known height; a field station
is a station for which the height is te be deter-
mined.

c. Both methods of altimetry require simul-
taneous readings of the altimeter scales at the
base station and at the field station (s). These

AGD 10005A
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5. Artillery personnel are not authorized to
repair the instrument. They should never re-
move the window. The spare indicator hand
which is issued with the instrument should be
replaced by engineer instrument repair per-
gonnel if replacement is necessary.

c. 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 at 300° F for at
feast 10 minutes.

d. Artillery survey personnel are authorized
to replace the lamp bulbs for the night light-
ing system and to insert and remove the bat-
teries for the system. The batteries should not
be inserted until the instrument is to be used
at night, and they should be removed when the
night work is completed.

e. Artillery survey personnel are authorized
to replace a broken thermometer in the sling
psychrometer. A thermometer can be replaced
by removing the screwcap from the end of the
psychrometer head. The cork disc for the cap
must be in place when the cap is replaced.

USE OF THE ALTIMETER

simultaneous scale readings, corrected and ad-
justed for instrumental differences, are com-
pared to determine the differences in height
between the base station and the field sta-
tion(s). The wet and dry bulb temperatures,
made at the base station at the time of the
simultaneous readings, are used as arguments
to determine the correction factor from the air
temperature and relative humidity correction
chart (fig. 92). This correction is applied to
the difference in the adjusted scale readings to
obtain the corrected difference in height be-
tween stations.

d. The field station and base station make
simultaneous readings by coordinating the time
by radio communication or by using a pre-
arranged observing schedule. Consequently, the
watch of the field station observer must be
synchronized with the watch of the base station
observer,

¢. During normal weather conditions, a
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TABLE I
AIR TEMPERATURE & RELATIVE HUMIDITY CORRECTION FACTOR FOR ALTITUDE
Temperetuce Met Bulb Temperaturs Degrees F.
Below Freesiug 32 |3 |35 138 |40 |4z o6 | 66 | &8 | 50 | s2 | s4 | 56 [ sa | 60 | 62 | 64 | 66
eg. F. |Factor 32 |0.967 32
5[ 0.7z 3 |0.97110.971 This chart is te be used te obtain the E.]
-60 | 0.732 36 |0.976[9.975|0 975 temperature spd relative humidicy tor- 36
55 | 0.792 38 [0.978|0.978] 0975} 0.979] ::::‘:::h:;“::':‘:tm:;'{'3_::;;‘“f,::' 8
A
LA, WA ™ Elnge - TS
L = - < L = s H ologicsl Teble Ho. 51.

40 [ 0.822 44 10,989]0.989[0.990]0.990[0.991]0.99t|0.992] &4
-38 | 0,826 46 [0.992]0.993]0.992]0.996] 0.995[0.995] 0.996] 0, 955 46
=36 | 0.830 48 |0.996(0.997]0.997|0.998|0.998]0.999{0.999(1.000 1.000 48
.3 | 0.834 50 _[1.000]1.000]1.001(1.00t[1.002]1.002]1.003]1,009] 1. 004] 1. 005 s0
-32 | 0.838 52 |1.003]1,004]1.004[1.005]t.005]1.006 1.006]1,001 1.008/1.0 52
-30 | 0.842 54 [1.007{1.008]1.008}1.008[1.009]1,000]1.010]1 011] 3. ;m3f3.03201.01201.013 54
-28 | 0.846 56 f1.0t1)1.011]1.002)1.002{1.013)1.003]1.016]1.014] 1.015]1.016[1.016} 1.017]1.017 56
-26 | 0.850 sa |1.ot6ly.01s{t.015]1.0 a17l1.017]3, 0181, 18] 5, 0091, .o20l8.020]1.02181 0 =)
=24 | 0,954 60 [1.00881.019]1.018 ]1.020[0.020]1.021|1 0211 022{1.022|1.023)], 026§, 024]1.02501.0 o
=22 1 0,858 | |6z |1.022]1.022(+.023]1.023|1.024}1.026|1.025]1 025 1.026|1.027|1 oz7)1.028l1,028] 1 029l s 030l 1,001 52
-20 | 0.862 64 |1.026]1.02611.027{1.027)¢.027]2.0281.0281 029]t 030[1.030)].031]1.032|1.032{1.033] ), 034} 1.036)1 035 Lol
-18 | 0.866 66 1.03041.0301.03211.0311.032{1.032]1.633]4.033]1.034(1.034|1.035}1.036|1,037)1.037]1.038|1.035]31,040] 66
] -16 | 0.870 | |68 1.03341.034J1.034]1.035|1.035]1.036)1.036}1.03711.038}1.038]¢.039)1.040) 1. 040[),081] 1. 042} 1,043)0,063] 58
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18 | 0.93% 102 |Intsrpelate the correction factor to the nearest ,001 i 100 1,101 |1.102]2.1021.103 [1.204 (1,405 1.106[102
20 | 0.943 104 1.104 |1.105 {1,105 ]1.106 [1.107 ]1.108 |1.108 [1,109 {104
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{continuad oo facing page)}

Figure 92. Temperature and relative humidity chart,

majority of the heights determined by altimetry
will be correct within 3 meters, and the maxi-
mum error will seldom exceed 5 meters, pro-
vided the following precautions are taken:
{1) Temperature correction is applied to
the individual instrument.
(2) Comparison adjustment is made.
(3) The air temperature and relative
humidity correction factor is applied.
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(4) Difference in height between the base
station and field station is less than
200 meters.

{(5) Distance between the base station and
field station is less than 20,000 meters.

f. Tables II and III, Tabulated Correction
Factors for Latitude and Altitude, are con-
tained in the lid of the altimeter. Since these
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TABLE 1

contivuad

AlR TEMPENKATURE & RELATIVE HUMIDITY CORRECTION FACTOR FOR ALTITULE

Wet Bulb Texperatura Degress F.
8 |70 |72 [ 764 |76 {78 |80 |82 [64 |96 |28 |90 | 92 | 96 | 96 | 98 [100 [ 102 | 104 | 206 | 108 | 110
68|y 068 68
70{1.068]1.049 70
721,021,052 1,053
74]1.055)1.056f1.057]1.058 74
76]|1.059|1.060|1.061]1.062|1.062 16
78|1.0631.063{ 1.064[1.065)1.066[1.067 18
80}1.066]1.067]1.068)|1.069]2.070/1.071]1.072 80
82|1.070}5.671/1.072]1.073|1.074{1.075|1.076/1.077 82
Bal1.076[1.078}1.075]1.076)1.077]1.078]1.080]1.081{1.082 84
86]1.077)1.078|1.079)1.080[1.081}1.082|1.0831.084]1.086[1. 087 g6
88}1.081]1.082[1.083{1.084[1.085]1.086]1.087|1.088] 1. 089} 1. 09a]1.092 58
ol1.085/1.085[1.086]|1.082|1.088 (2. 090]1.001]1.092]1.093]1.094[1.096]1.007 90
92|1.088[1.089)1.090}1.001|1.092{1.093)1.094]1.096]1.097]1.008]1.099]1.101]1.102 )
96[1.092]1.093]1.094]1.095)1.096|1.097]1.098]1.099]1.100] 1.102|1.203{1.204]1. 106]1. 107 7
96(1.096/1.096/1.097(1.098)1.099}1.201[1.102f1.103)1.104|1.205}1.107{1.108}1.109]1.211]1.112 96
9811.100[1.100[1.201]1.102{1.103]1. 104} 1. 205f1.107]1.108]1. 209] 1. 100} 1. 212[1.113]2.115{1. 126} 1. 118 98
100/1.103|1.104|1.105|1.106{1.107|1.108(L.109|1.110)1. 020|1.113| . ta4f1.215|1.017[1.118)1.220)¢t.122]1.123 100
Z10z[1.106]1.107]1 . 1081 1001 1100 ta2faanaf e nas[a ieefn s 1 aas 201 z2fa aaavasfaazr i a2s 102
104{1.110|1.111[2.222) 1. 103 0. 21421500 2060, 008452091 220{0.122|1.123)1.124{1.226|1.227]1.129|1.130(1.132]1.13% 104
106[1.116/1.105(1.126]1.82701.218)1.119]1.120/1.321}1.122|1.126(12.125]1.126(1.228(0.129(1.231(0.232)1.23441.1236}1.137|1.13% 106
108[1.118/1.118]1,. 119112001221 0. 223]1. 126 1. 0251 0260127 [ 3. 129 (1000 0. 0300 130 1 1351 136 1 038 0 0390 182 0. 3430 144 108
11001.321)1.122|1.12301.12400.125|0.427{21.027]1.128|0.03001.2238 |1, 132{1.1346{1.1235{1.13701.138]1.140]1.142}1.143|1.145|1.846]1.148|1.150 llu
wz{1-12501.2261.127]1.128[1.329 )1 130133 1. 132[1.133]1. 13501061, 137 (1. 1991 140] 0. 162] 0. 1k 1. 06501147 |3 148 5. 150f0 152 1. 153] 112
1141128 1. 129 . 530) 1. 230 0. 1321133 1.235| 1. 13601.137}2.138|1.14050. 140 [1.142]1.144[0. 2451 247 1. 049|015 [1.152|1. 15451 156 1. 157|114
116)1.292]1.139]1.136[1.0135] 1. 136 1. 197 1. 138[ 1. 1991 160 |1 162 1183 1. 145 1. 206 5. 148 1. 240 .1 |1 s3 fa . asa 1. 156 1. 1 5s) 3. 150 1. 160 | 116
116{1.136]1.197]1.138] 1.139]1. 360 1. 041 [1 10201, 363] 1. 144 1. 1461 . 167 [1. 348 1. 150 1. 151] 1. 1531 k54 )1, 156 0. 158 1. 160[1. 161 ]2.163] 1. 165]) 118
120{1.139) 1. 140] 1. 01| 1.142) 1. 163] 2. 504 |1 166 1. 06702 148] 1. 149 2. 151 {0, 152 5. 153 1. 155 3. 156]1.158]1 . 160]0 . 162]1. 164 1.165]1.167{ 1. 169] 120
122]1.143]1. 1441, 365]1.186]1. 2571 1aa 1209 )1 150[1 15 2 aszfn s 1 ase 157 [1. 1591 as0] 1 1620 164 (1. 266 ] 1. 267 [ 1.269] 1271 1. 173] 122
1261, 167]1.148]1.149]1.150]1.151)1.152{8.153}1.156{1.055}1.157|1.158}1.159}1.161{1.162)1.16&6]1.166|1.167)1.169]1.171|2.172J1.174)1.176]124
12611500151 352 e .183ls 15610551 15710580259 [1.060]1.162]1.163] 0. 1641 166[2. 2168 ] 2. 169 1. 272 f1 . 173]1. 174 2. 276}1.270]1 . 180) 128
86 |70 [72 [ 76 |76 [ 76 [ 80 [sz [8s {86 |88 [oo [s2 [96 |96 |98 [ro0 [ a0z tos| 106 [ 208 | 120 ]
Figure 92—Continued.
factors are ingignificant for artillery purposes, the reflection of the hand and not its shadow.)

these tables are not used.

252. Reading Altimeter Scales

The procedure for reading the scales of the
altimeter iz ag follows:

a. Place the instrument as nearly level as
possible with the dial in the horizontal position.
The ingtrument must be protected from the sun
and wind.

b. Tap the window of the instrument lightly
to overcome any lag caused by static electricity.

¢. Position the eye above the dial so that the
indicating hand and its reflection in the annular
mirror coincide. (Care must be taken to select
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This step eliminates parallax in reading the
scales.

d. Determine the scale to be read by noting
the position of the revolution indicator.

¢. Read the proper scale under the indicating
hand by visual interpolation to the nearest 0.5
meter. The reading glass is used to facilitate
reading the scale. Care must be taken to insure
that the correct scale is read, since the scales
are numbered concentrically and increase in
value in a counterclockwise direction.

253. Corrections and Adjustments

a. The temperature correction for the in-
dividual instrument should be applied to the
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scale reading of each instrument (para 254).
The application of this correction provides the
corrected scale reading,

b. The comparison adjustment should be
applied to the corrected scale reading of the
field station instrument (para 255). The appli-
cation 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
humidity (para 256) to obtain the corrected
difference in height between stations.

254, Individual Instrument Temperature
Correction

a. Each surveying altimeter is calibrated at
a temperature of 75° F. An instrument tem-
perature other than 75° will change the value
of the scale reading, and a correction must
be made for the difference.

b. A mercury alloy thermometer is mounted
in the dial of each altimeter and iz used to
determine the individual instrument tempera-
ture each time a scale reading iz made. The
correction for instrument temperature is deter-
mined from the instrument temperature cor-
rection chart fastened in the lid of each
instrument. This chart is different for each in-
strument. Figure 93 illustrates 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

WWW.SURVIVALEBOOKS.COM

of the graph which corresponds to
the scale reading, taken to the nearest
100 meters.

(2) Project this point upward along the
vertical line 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 projected
horizontal line with the left side of
the graph, determine the meters cor-
rection per degree Fahrenheit, noting
the sign of the correction.

(5) Multiply this factor by the difference
between the instrument temperature
at which the scale reading was taken
and 75° F. (The sign of the product is
the sign of the correction.)

(6) Apply this value to the altimeter scale
reading. If the instrument tempera-
ture was above 75° F, add the value
algebraically. If the instrument tem-
perature was below 75° F, subtract
the value algebraically. This correc-
tion provides the corrected scale read-
ing.

¢. The following example illustrates the ap-
plication of an individual instrument tempera-
ture correction:
(1) 2431.5 (scale reading).
(2) 50° F (instrument temperature),
(3) 75° —50°=25° (number of degrees
to which correction is to be applied).

e TEMP CORRECTION PER DEG £ ABOVE OR BELOW 75° F
: ABOVE 75° F ADD CORRECTION ALGEBRAICALLY, BELOW 75° SUBTRACT
+.10 I ]

. CEETISSEESSEXToC XS SERIAL
02 w = T NC.
EE o W 5
w0 e
Ut e STM-5

S w

O a4

-.10
5000 4000 3000 2000 1000 0
INSTRUMENT SCALE- METERS

Figure 82. Instrument temperature correction chart.
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44
WEATHER : CLEAR-WARM CHIEF OF PARTY : BROWN
INSTRUMENT #7716 OBSERYER: WRIGHT

TEMPERA 7 OAG
LPRY WET REMARKS
NO WIND

£y 7&6

g9 77

92 77

&7 76

7 g

LAND 5

Figure 94. Altimeter A recorder’s notes for altimetry (leapfrog).

(4) 4-0.07 meter (correction per degree)
(from correction chart, fig. 93).

(5) 25° x 0.07=1.75 meters (correction
to be applied).
(6) 2431.5— (+1.8)=2429.7 (corrected

gcale reading).

255. Comparison Adjustment

a. The base station instrument is placed at a
station of known height. The field station alti-
meter is placed beside the base station instru-
ment at the same height. The initial comparison
is made by taking simultaneous readings of the
two altimeters and recording in the field note-
boock (DA Form 5-72, Level, Transit and Gen-
eral Survey Record) the time, instrument tem-
perature, and scale reading for each. The data
for each station instrument is recorded in a

AGO 10005A

field notebook located at each station (figs. 94
and 95). In addition, for comparison purposes,
the corrected scale readings for both the base
gtation and the field station are recorded in
the field station field notebook (fig. 96).

" b. After the field survey is completed, the
finral comparison is made and recorded in the
same manner as the initial comparison.

¢. The time lapse between the initial com-
parison and the final comparison should be
held to a minimum, less than 4 hours if
possible,

d. If the initial comparison agrees with the
final comparison, then the comparison adjust-
ment is considered standard for all altimeter
readings taken in between. If the initial and
final comparisons do not agree, then a com-
parison adjustment graph must be constructed
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B ALTIMETER EM__CHIEF Of FARTY. BROWN
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i
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=

Figure 95. Altimeter B recorder’s notes for altimetry (leapfrog).

to determine the adjustment for intermediate

stations

(fig., 96). The procedures for prepar-

ing and using the graph are as follows:

(1)

Set up the graph by agsigning time
values to the vertical lines in the field
station field book, to include the ob-
serving period from initial to final
COmMpPArisons.

(2) Assign “difference in corrected scale

reading” values to the horizontal
lines, to include the difference be-
tween the initial and final com-
parisons,

(3) Use initial watch time and the differ-

ence in the corrected scale readings
to plot the initial comparison point
on the graph.

(4) Use ﬁna} watch time and the differ-
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(5)

(6)

(7)

ence in the corrected scale readings to
plot the final comparison point on the
graph.

Join the two points with a straight
line.

‘Using the watch time for each inter-

mediate station occupied by the field
station instrument as the argument,
read the comparison adjustment for
that station from the left side of the
graph.

Then, enter the comparison adjust-
ment in the appropriate column of
the field station field notebook
(opposite the time observed) and
apply the comparison adjustment
algebraically to the corrected scale
reading to determine the adjusted
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Figure 96. Comparison adjustment graph.

scale reading for the station of
interest.

256. Correction for Air Temperature and
Relative Humidity

a. Because the pressure exerted by a column
of air is affected by changes in temperature
and relative humidity, a correction factor must
be applied to the difference in height between
gtations. The correction factor can be obtained
by making a psychrometer reading (para 248)
each time a scale reading is made by the base
station altimeter (except comparison read-
ings) and recording the wet and dry bulb
temperatures in the bage station field note-
book opposite the scale reading (fig. 94).

Section |ll.

258. Leapfrog Method
a. The leapfrog method of altimetry is con-
ducted in the manner implied by its name, Two

AGO 10005A
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b, If the wet and dry bulb temperatures are
known, the correction factor can be determined
from table I, Air Temperature and Relative
Humidity Correction Factor for Altitude (fig.
92), one of the tables in the lid of the altimeter,
The chart is entered at the top with the wet
bulb temperature and on the left side with the
dry bulb temperature. The intersection of the
two columns is the correction factor. This cor-
rection factor is applied by multiplying it by
the difference between the corrected scale read-
ing of the base station altimeter and the
adjusted scale reading of the field station altim-
eter. The correction factor should be inter-
polated to the nearest thousandth in table I.

257. Precauvtions and Limitations To Be
Observed When Establishing Heights
by Altimetry

a. The base and field station 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 observations are made, 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 not be made at mid-
day.

e, Observations should not be made during
thunderstorms or high winds.

f. Intervals between comparison readings
should not exceed 4 hours.

g. Watches at base and field stations must be
gynchronized.

h. The difference in height between the 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,

AND COMPUTATIONS

altimeters, designated A and B, are read simul-
taneously at a starting base (known) station
(fig. 97). Then altimeter A i3 left at the base
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statlon and altimeter B is moved to the first
field station. The two altimeters are again read
simultaneously, and the corrected difference in
height is applied to the height of the base sta-
tion to give the height of the first field station.
Altimeter A is then moved from the base sta-
tion, bypassing the first field station, to the
second field station. Altimeter B is left at the
first field station, which becomes the hase sta-
tion, and again simultaneous readings are
made. The difference between the two altimeter
readings, with appropriate corrections, is
applied to the height of the first field station to
determine the height of the second field station.
The altimeters are then brought together at
the second field station, and comparison read-
ings are made. The station of known height,
the first field station, and the second field sta-
tion comprise the first leg of the altimetric
survey. The same procedure i3 then followed
from the second field station through the third

SEQUENCE OF 0BSERVATIONS
pesiGNaTion _LEAPFROG METHOD  pare_2 AUG

ARBUCKLE | BN SCP-1 IBN ScP-2 GRUBER

A /5Q5Fam.au_¢auz
"B 1505

"4~ 15308 1530 _
(B IS50[A™ iS50l

BN SCP-3

A

ISON_KEADING |

A 16508B" 1650

B°- 17304 1730

____f'AVAJ_MAUP/!a‘V_i_AWDIMGt [4"- 1155
{B"_-Ll-iﬁ _

A~ A .Y k\& ,
o A

= -—am s

Figure 97. Sequence of observations, leapfrog method.
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field station to another comparison at the
fourth field station to establish the second leg.
(The term “leg,” as used in altimetry, is the
survey between stations where comparison
readings are made with the altimeters.)

b. The advantage of the leapfrog method is
that the altimeters are usually close together
and operate under nearly the same atmospheric
conditions. In effect, the bage station i8 carried
along with the field altimeters by the com-
parisons at alternate stations. The leapfrog
method will determine the difference in height
under normal weather conditions with an
average error of =3 meters when the differ-
ence in height between stations does not exceed
200 meters and the distance between alternate
stations dees not exceed 20,000 meters.

¢. The leapfrog method of altimetry can be
speeded up by the use of more altimeters or by
a comparison of altimeter readings at every
third or fourth field station instead of at alter-
nate stations. Although the latter procedure
may save time and fieldwork, it may result in
reduced accuracy of the measurements because
the comparisons span a greater distance and
a longer period of time. This factor must be
considered in selecting the leapfrog technique
for an altimeter survey.

d. The field procedure for the
method of altimetry is as follows:

(1) A station of known height is used as
the base station.

(2) The initial comparison reading is
made at the base station with all al-
timeters to be used in the survey. For
ease in recording and in performing
subsequent computations, the initial
reading and all subsequent readings
should be made at even 5-minute
intervals.

(3) For all readings made by the altime.
ter A recorder, except comparison
readings, a psychrometer reading is
made and the wet and dry bulb tem-
peratures are recorded in the field
notebook opposite the scale reading.
The altimeter A recorder reads and
records the psychrometer readings at
the time of each observation regard-
less of whether the altimeter A sta-

leapfrog
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tion is designated as the base or field
station.

(4) The comparisen adjustment is always
made on the corrected scale reading
of altimeter B regardless of whether
the altimeter B station is designated
as the base or field station.

{5) When a station is occupied by an al-
timeter, the altimeter is read at 5-
minute intervals for a sufficient
period of time to insure that simul-
taneous readings are being made at
the base and field stations. It is im-
portant that some methed of com-
munication or signals be established
before the survey is begun to insure
¢coordination during the observations
and te preclude occupation of a sta-
tion longer than necessary or leaving
the station too soon. Readings may
be started immediately upon the
arrival of the altimeter recorder at
the field station unless there has been
an appreciable change in weather
since he left the previous station. In
that event, it may be necessary to
wait 5 to 10 minutes until the instru-
ment settles.

259. Recording Altimeter Readings

@. Altimeter and psychrometer readings are
recorded in the field notebook that accompanies
each altimeter used in the survey. For the leap-
frog method, the following data is recorded in
the notebook of altimeter A (fig. 94) :

(1) Station at which observation is made.
(2) Time of observation.

(3) Instrument temperature,

(4) Scale readings.

(5) Instrument temperature correction.
{6) Corrected scale readings,

(7) Wet and dry bulb temperatures.

Note. Items 2, 3, 4, and 7 above are field
data determined by reading the scales at
each station. Items b and 6 are values deter-
mined as a result of these field readings.

b. The following data is recorded in the field
notebook of altimeter B (fig. 95) :

(1) Station at which observation is made.
(2) Time of observation.
{(3) Instrument temperature,
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{(4) Scale readings.

(5) Instrument temperature correction.
(6) Corrected scale readings.

(7) Comparison adjustment.

(8) Adjusted scale readings.

Note. Items 2, 3, and 4 above are field
data determined by reading the scales at
each station. Items 5, 6, 7, and 8 are values
determined as a result of these field read-
ings. The comparison adjustment (item T)
is extracted from the comparisen adjust-
ment graph that is constructed for each leg
in the field notebook.

260. Computations

a. Heights of stations are computed on DA
Form 6-27, Computation—Altimetric Height
{fiz.98). Each column of the form is designed
to be used to determine the height of one field
station. As an aid in extracting the correct data
from the field books for entry on the form, the
time of observation should be entered in the
FIELD STATION NAME block. The following
data is extracted from the field books and
entered in the appropriate blocks on the form.
The wet and dry bulb temperatures and the
corrected scale reading from the field book of
altimeter A and the adjusted scale reading
from the field book of altimeter B. The air tem-
perature and relative humidity correction
factor is extracted from table I and applied to
the difference in scale readings by using five-
place logarithms (use available tables and
round off if necessary). The known height of
the base station (block 16) is the height of
the starting station in meters. The reverse
side of the form (fig. 99) contains a block for
height conversion, if height conversion is
necessary.

b. In the leapfrog method, the height deter-
mined for the first field station (block 18)
becomes the known height of the second field
station (block 16) and so forth for each
successive station throughout the scheme.

261. Single-Base Method

The field procedure for the single-base
method of altimetry is identical with that of
the leapfrog method with the following two
exceptions:

a. In the single-base method, after the initial
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DESIGMATION QMAE;EB‘SE:MEI._H.OE_ DATE
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Figure 100. Sequence of observations, single-base
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method.

comparison readings are made at the base sta-
tion, the altimeter A recorder remains in posi-
tion at the base station and makes readings at
5-minute intervals throughout the observing
period. After the initial comparison, the al-
timeter B recorder visits the field stations in
sequence and makes simultaneous readings.
After the readings have been made at the last
field station, altimeter B is returned to the
bage station and a final comparison i3 made.
For economy of time and effort, more than one
field altimeter can be used in conjunction with
the bhase .altimeter with no reduction in
accuracy.

b. The computation of heights of stations on
DA Form 6-27 for the single-base method is
the same as that for the leapfrog method except
for one difference. In the single-base method,
the known height of the base station (block 16)
remains the same for the computation of
heights of all field stations, since the base sta-
tion remains fixed throughout the observing
period. A sample of the sequence of observa-
tions is shown in figure 100.

AGO 10005A
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PART THREE
DIRECTION DETERMINATION

CHAPTER 12
ORIENTATION FOR ARTILLERY

Section |.

262. General

Orientation as used in artillery survey refers
to laying weapons and target-locating devices
with reference to a common direction, or
azimuth. Orientation i3 more important than
horizontal position because an azimuth error
increases as the distance from its origin in-
creases, The artillery surveyor must furnish
weapons and target acquisition elements with
grid azimuths, However, he will be working
with true, magnetic, and assumed azimuths as
well.

263. Trve Azximuth

True azimuth is an azimuth referenced to
true north as defined by the axis of rotation of
the earth. Geodetic, laplace, astronomic, and
gyro azimuths are all treated as true azimuths
by the artillery surveyor, Each of these
azimuths contains some error due to geodetic
considerations. In some cases, the error, or
difference, between these azimuths may exceed
0.1 mil. Artillery surveyors are not required
to take these errors into acecount, All of these
azimuths depend basically on astronomic
azimuth. Geodetic azimuth is the most accurate
because in general it represents an adjustment
from a large number of astronomic azimuths.
Laplace azimuth i3 the next most accurate, It
represents a single astronomic azimuth which
has been corrected for local deflection of the
vertical, as determined by the geodetic survey

INTRODUCTION

scheme. The uncorrected astronomic and gyro
azimuths differ from the true azimuth by the
same amount. Azimuth gyrcs currently in use
by the artillery depend on calibration against
another true azimuth, usually an astronomic
azimuth.

264. Grid Azimuth

Grid azimuth is an azimuth referenced to
grid north, It differs from true azimuth by the
amount of the grid convergence., The grid-
convergence must be computed and applied to a
true azimuth before it can be used by the
artillery.

265. Magnetic Azimuth

Magnetic azimuth is an azimuth referenced
to the local direction of the earth’s magnetic
field, It is not accurate enough to place adjacent
artillery units or target acquisition devices on
a common azimuth. It will vary throughout the
day by 4 to 6 mils, Magnetic storms will cause
large variations that cannot be predicted.
Local magnetic irrezularities will cause errors
that frequently exceed 20 mils. The primary
use of magnetic azimuth should be as a check
against gross survey errors. It may also be used
as the assumed azimuth for a false grid. When
a magnetic false azimuth is used, units work-
ing together should be tied together by a direc-
tional traverse,

Section II. SOURCES OF AZIMUTH

266. Geodsatic Azimuth
Geodetic azimuth is obtained from existing

local survey. In an area where there is an estab-

AGO 10006A

lished survey, the trig list for the area will
show the geodetic azimuth to several points
for each station. It can be assumed that in a
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well-surveyed area the established points have
been adjusted to each other so that the azimuth
computed between two infervisible points will
be a good geodetic azimuth of the same order
as the original survey. In general, a more
accurate azimuth will result if the points
chosen for the computation are some distance
apart. Geodetic azimuth may be given by
higher headquarters as part of the starting
data.

267. Azimuth From Coordinates

A starting azimuth may be obtained by com-
putations between points established by U.S.
Army surveyors. Caution must be used when
computing between points recently established,
gince, in general, they will not have been ad-
justed and will riot have a proper relationship
to each other. Azimuth computations from co-
ordinates of first-, second-, or third-order sur-
veys will generally yield a comparable degree
of accuracy, whereas computations from co-
ordinates of fourth- or fifth-order surveys can-
not be assumed to yield an acceptable accuracy.
Fourth-order surveys will yield an acceptable
accuracy, provided the azimuth has been ad-
justed. In fifth-order surveys, use should be
made of the azimuth being carried through the
scheme rather than relying on computations.

268. Directional Traverse

Directional traverse is used to carry an
azimuth from a source to an orienting line. The
method used is the same as that used for posi-
tion traverse except that the measured distance
between stations is not required and, in gen-
eral, longer lines of sight may be used. See
chapter 8 for instructions for turning angles
and carrying azimuth through a traverse.

269. Astronomic and Gyro Azimuths

The method of obtaining an astronomic
azimuth is explained in chapter 13. The method
of obtaining a gyro azimuth is explained in
chapter 14. Both types of azimuths are treated
as true azimuth and must be corrected for grid
convergence before use. In general, determina-
tion of astronomic or gyro azimuth iz made on
one end of the line requiring azimuth so that
directional traverse will not be required.
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270. Determination of Grid Convergence

True azimuths must be converted to grid
azimuths. The computations for grid tonver-
gence are performed on DA Form 6—20 (figs.
101 and 102.) This form was originally de-
signed for use in converting astronomic azi-
muth to grid azimuth. It can easily be adapted
for use in computing convergence for gyro or
geodetic azimuth. The left-hand side of the
form is used for the computations if geographic
coordinates are used. The right-hand side of
the form is used for the computations if UTM
coordinates are used. If both geographic and
UTM coordinates are available, the computa-
tions should be made on both sides of the form
and no further check on the computations is
required. If the computalions are made on one
side of the form only, independent computa-
tions must be made by another computer to
furnish a check. The instructions on the form
suffice.

271. Grid Azimuth From UTM Maps

A grid azimuth can be obtained from a map
by selecting an instrument station and two
orienting points which can be accurately scaled
from the map. A line is drawn on the map
through each orienting point and the instru-
ment station. The grid azimuth of each line is
then scaled from the map. The orienting points
should be so located that the difference in the
azimuth of the points is as near 1,600 mils as
practicable and the distance to each point from
the instrument station is near 5 kilometers. An
error of 25 meters in either point will create an
error of 5 mils in azimuth at 5 kilometers. The
two orienting points should be near 1,600 mils
apart in azimuth to give a check on both the
map and the map scaling. An angle-measuring
instrument is set up over the selected instru-
ment station in accordance with instructions
in chapter 7. The angle between the two orient-
ing points iz measured and compared with the
difference betwéen the scaled azimuths. If the
difference between the scaled azimuths and the
measured angle is greater than 10 mils, another
orienting point must be selected and the process
repeated. If the two values now agree within
10 mils, they may be used as the grid azimuths,
If the difference between the values still ex-
ceeds 10 mils, a new instrument station must

AGO 10005A
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COMPUTATION - CONYERGENCE (ASTRONOMIC AZIMUTH TO UTM GRID AZIMUTH)

TABLE NUMBERS REFER TO TM 6-300.79_(5

STATION

Bn ocP

AZIMUTH MARK

STATADN

(81219

LOHGITUDE OF STATION - :35 : 22 (g :;::Rln EASTING OF STATKON A 33} L0
LATITUBE OF STATION 5 I33 ' \7 MORTNING OF STATION 3 349 [ &L00

LONGITUDE OF STATION
25,22
2| rowciTups oF centRAL MERIDIAN g
{FROM TABLE ON REYERSE) 17 L0 0D
T T
LT (315 \7 35,32 IF (1) 15 ALY i33  Goo
MORETHAN () (M—(B — MORE THANCIZ] (T — (1D 1
3| LESS THAN (D) @ - 24 68|" LESS TNAN (1) an—(n 133 600
} i
IF {1) I3 IN DEGREES, (]
A e o ] 14| REPEAT (13 WiTn DECINAL ! 0
IF (1} ISIN MILS, REPEAT (3 24 .68 POINT MOVED LEFT SIX PLACES 0 .433 60
| I :
i
$1 Loc (4 | ~ 15| Loc{ng q
. 392, 34% L 125, Bob
T T T
& | LoG SIN LaTITUDE OF STATION I ts| LOGOF FUNCTION X
9. 702, 544 || trasre 18874) 4,2751 364
1} 1
5 I |
7| W+ | - O?‘l, (2.4 17{ (15) + (16} 3 .401 |('70
NUMBER HAYING LOG (?) = 1 LOG CONVERSION | ;
2] FIRST TERM In SECOMDS OR MILS 12 &4 |™ seconos 1o wns [ .6 93 15?5
o | SECOND TERM (TABLE & OR | 1| !FU1S N DEGREES, REPEAT (17} I- y
&-MILS, USE (3} AND LATITUDE) 0 .00 1P (1) 15 N MILS, USE {17)+{13) . 0‘?5J 245
e comvenae R | | MUMBER WAVING LOG (17} = i
(COCEAE CERC AT T S8 | FIRST TERM IN SECONDS OR MILS ]2 .45
WHEM STATION I3 I1H NORTH LATITUDE ANO_ l
e s awe P e e 4| SECOND TERM (TaBLE 7, use
) 45 {18) 13« [ I (17} AND NORT NING) O .00
WORE THaM (2 + -
CLES LDENED = + | (20) = (1) =CONVE RGENCE [N SECOHDS SR ]
WHEM STATION IS IN SOUTH LATITUDE AND. . ' MILS I
. I WEST LOWG I EAST Lowg WHEH STATHIN IS IN MOA TH L ATITUDE
riris o o | o s I
MORE THaN {2) - MOHE THAN {1 -
LESS THAN (20 + - LESS THAN {k2) + I
10 + | 4 WHEN STATION 15 4N SOUTH LATITUDE
T .4 BE TR IS 22) 15: f
2 MORE THAN O +
= LESS THan (12 — '
= 12 .45

IF {10) AND {22) DIPFER BY MORE TNAN {‘::: d} REDETERMINE COORDINATES AND RECOMPUTE ALL COMPUTATIONS

3

CONVERGENCE

iF {11 15 IN DEGREES, USE (18) OF
CONYERSION COMP ON REVERSE
EF (P15 N MILS, REPEAT {22}

S 2.4

SUMMARY OF ASTRONOMIC AZIMUTHS AND COMPUTATION OF UTM GRID AZIMUTH

DA FORI

M 6-20

ASTRONOMIC AZIMUTH REMARK S
TQ AZINUTH MARK
f I T T
24| SETHNR1 Ho |3318 ‘ )
25| SETMR2 : : p—
et —+
2| SETHR3
— —
27| SET MR
— i
2| SET NR | ; | l
{ [ 1 F
| SETNR
— —
YT 40 3% 8 e
.31 MEAH (SIGN +) +Jlo :33 ; a + : [L
+ T T+ Tk
2| reariy = gz, 4 | |
ALGEBRAIC SUM OF (31) AHD [32) T ' T '
3| = GRID AZIMUTN TO MARK Ho 2l 4 L
COMPUTER SMITH |‘"““" ToNES SHEET | OF ; SNEETS
NOTEROOK
aerenence ¥~ 8- & AREs Rouwd  Hill l an? MY 19465

Figure 101, Entries on front of DA Form 6-20.
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TABLE ~ CENTRAL MERIDIAN OF UTM GRID ZONES

ZONE JDEGREES|  MILS | ZONE [DEGREES|  MILS ZONE [DEGREES|  MILS ZONE DEGREES|  MILS
NR |W LONG| w LONG | WR |w LoNG| % LowG | wR |E LonG| E Long | NR [E LOKG| E LONG
1 177 1146.67 18 w7 1546, &7 N 1 53,33 45 3 1653.33
2 7 164000 7 T 1440, 00 32 v 160,00 a7 9 1760.00
1 165 2913, 13 18 7s 133333 13 15 266,67 a8 | 108 1866.67
] 159 2826.67 19 ] 1276, 67 7! 21 a73.33 | 1973.33
s 153 2720,00 20 &1 1120, 00 18 27 480,00 s0 | 7 2080.00
s 147 261313 21 57 V013,33 1% 1 584,67 51 123 2186.67
7 4 2504,67 n s1 906, &7 Y 1 §93.33 s2 | 129 2293.33
3 s 2400.00 21 48 200, 00 a8 45 £00,00 @ § 118 2400,00
) 129 2293,33 24 ) 91,33 9 51 706,67 s | a1 250667
0 | 13 2186, 67 25 33 588, 57 o 57 078,33 s | a7 2613, 33
1 17 2080, 60 26 27 43000 a s 120,00 56 153 2720. 00
12 m 1973, 23 27 2 73, 13 a2 ) 1226.67 &7 159 782667
1 108 1846, 67 2 15 266, 67 4 75 133,33 sa | 185 2933. 11
14 99 1760, 00 29 9 160.00 “ T 1440.00 s | a7 3040,00
15 7] 16533 0 3 $3.13 a8 o7 1546, &7 g0 | 77 144,67

CONVERSION COMPUTATION
DEGREES, MINUTES, AND SECONOS TO SECONDS SECONDS TO OEGREES, MINU TES, AND SECONDS
]
1| REPEAT (3 o j "| o| REPEAT (22) OF COMPUT ATION
T T o o : HUMBER OF TIMES 3800 DIVIDES o T
GREES 1N (D) 19} (NTO (7) = NUMBER OF DEGREES IN (9) o
11| REPEAT {9}
1} () x 60 12| HUMBER IN (10} x 2800
4| HUMBER OF MINUTES IN (1) | an= 02
NUMBER OF TIMES 60 DIVIDES L

p| bl 4] juTo (13) = HUMBER OF MJHUTES IN (9) ; ;
s x60  |15| REPEAT (13

s (8 x 60 16| HUMBER IN (14) X 80

m|
7| NUMBER OF SECOMDS IN (1 17| {15)-(18)=HUMBER OF SECONDS N (9} ’ : §
- 3
I+ {14) + (171 CONVERGENCE | —
8! (8)+(7) ENTER IN {4) ON FRONT '8| [ENTER IN {23} ON FRONT ) ! )

GIVEN:

GUIDE:

UTM grid zone of area of operarion,

UTM grid coordinates of station t0 nearest meler,

Latitude and longitude of station o nearest second or one-hundredcth mil (DA Form 6-10, 6-10a,
6-11),

A value of asmonomic azimuth for each set of observations (DA Form 6-10, 6-10a, or 6-11),

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 computarion ate compured usipg tenth-mil values.
Compate (10) and (22) and, if they differ by more than 4 secends or 0. 02 mils, redetermine
coardinates and recompuid all computarions.

LIMITATIONS:

This form should not be used when accuracies greater than third-order are reguired.

RESULTS:

A value of UTM grid azimuth from the mean values of astropomic azimuth and the grid convergence
at the station.

FORMULAS;

UTM grid azimuth = Astronomic azimuth + convergence,
USING UTM GRID COORDINATES:
Convergence = (XV)q = (XVl)q3
(XV) = 2 variable function based on latitude of station (obtained from TM 6-300-1%_, "Army
Ephemeris for 18 "). r

g = 0.000 001 times the distance {n meters from central meridian of UTM grid zone 10

station. J
(xvDg? = second term of convergence compuration (obtained from TM 6-300-19_, "Army Ephe-
meris for 19_ "),

USING GEOGRAPHIC COORDINATES:
Convergence = (XMp + (XONp?
(XII) = 10,000 rimes sine of laritude of station.
p = 0.0001 times distance in seconds or mils of arc from central meridian of UTM grid
zone 1o starfon.
()(!'.!.l)p:3 = second term of convergence computation (obtained from TM 6-300-19_, "Army Ephe-
meris for 19 "),

DA

FORM 6-20

Figure 102. Auxiliary computations and instructions on back of DA Form 6-20.
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be selected. Works of man, such as roads, rail-
roads, and church steeples, are usually accu-
rately located on maps and should be given first
preference as map spots. The centerline of a
road may be selected as an azimuth line in-
stead of an orienting point. Streams and ridge-
lines also make good map spots.

272. Magnetic Azimuth

The direction of the earth’s magnetic field
is determined by use of the aiming circle. For

WWW.SURVIVALEBOOKS.C

opera Qlon of the aiming circle, see paragraphs
145 through 156. A correction is applied to the
aiming circle to convert the magnetic azimuth
to grid azimuth. The angle between true north
and magnetic north is called the magnetic dec-
lination. It is named east if the needle points
east of true north and west if the needle points
west of true north. The horizontal clockwise
angle between grid north and magnetic north
is called the declination constant or the grid
azimuth of magnetic north. The grid-magnetic

DECLINATION st
CONSTANT MAGNETIC
DECLINATION

GN
el GRID
CONVERGENCE
a.
GN
GRID
CONVERGENCE DECLINATION
CONSTANT
c.
GN
WEST
MAGNETIC
DECLINATION GRID
CONVERGENCE

AGO 10005A

Figure 108. Declination diagrams.
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angle is the angle between grid north and mag-
netic north and is always the smaller of the two
angles between these lines. The grid converg-
ence is the angle between grid north and true
north. On the margin of a military map, a
declination diagram shows two of these values
from which the others may be derived. There
are six possible diagram arrangements (fig.
103). Shown under the declination diagram is
the effective year of the diagram with an
annual rate of change. When a person arrives
in a new area and has no opportunity to dec-
linate a compass at a declination station, he
may obtain the declination constant from the
declination diagram on a local map. In two
cases (b and ¢, fig. 103), the declination con-
stant is shown directly on the diagram. In two
cases (a and {, fig. 103), the grid-magnetic an-
gle shown on the diagram must be subtracted
from 6,400 to obtain the declination constant.
In one case (d, fig. 103), the declination con-
stant is the sum of the grid convergence and the
magnetic declination. In the remaining case (e,
fig. 103}, the sum of the grid convergence and
the magnetic declination must be subtracted
from 6,400 to obtain the declination constant.
In all cases, the declination constant must then
be corrected for the annual change. The annual
rate of change is multiplied by the number of
~ years since the date of the diagram. If the
annual change is listed as easterly, the product
is added to the declination constant. If the
annual change is listed as westerly, the product
is subtracted from the declination constant.

273. Detecting Hidden Magnetic Disturbance

The presence of a hidden magnetic disturb-
ance can be detected by measuring the magnetic
azimuth of a line from both ends. A difference
in the two measurements in excess of the
normal reading error of the instrument indi-
cates the presence of a local magnetic disturb-
ance (fig. 104). If both stations selected are on
the same side of the disturbance, the difference
in the measurements is much smaller than if
the stations were on opposite sides of the dis-
turbance. The magnetic azimuths must con-
tinue to be measured from additional stations
unti! the difference in the measurements is
tolerable. This precaution should be taken each
time the compass is used except at a declination
station, when it may be assumed that higher
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headquarters has tested the site and found it
free of magnetic disturbance.

274. Declination Stations

Corps artillery, division artillery, and, in
Some cases, artillery battalion survey teams
will establish declination stations for use by
field artillery battalions in declinating their
aiming circles. A declination station is a point
free of local magnetic disturbance with two or
more orienting points of known grid azimuth.
The site selected for a declination station
should be free of visible magnetic disturbance,
accessible from the local road net, and centrally
located to the using units. The procedure in
paragraph 273 should be followed to determine
that the area is free of hidden magnetic dis-
turbance. One of the methods outlined in this
gsection which does not involve the magnetic
field should be used to establish a grid azimuth
to two or more orienting points. The identifica-
tion of the station, a description of each
orienting point, and the grid azimuth of each
point should be written on a tag and the tag
attached to the witness stake at the station. The
following minimum distances from common
magnetic disturbances are prescribed :

Powerline _.._______ ___________________ 150 meters
Electronic equipment __________________ 150 meters
Railway tracks ___________ . ______ 75 meters
Tanks and trueks ___________ . ______. 75 meters
Light trueks ________ . ______ . ___ = B0 meters
Wire or barbed wire fences ____________ 30 meters

Helmets, ete . _________________________ 10 meters

275. 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 prescribed
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manner. Level the instrument and perform the
checks outlined in paragraph 156.

b. Set the known grid detection to the
azimuth 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 a second known azimuth
mark is not available, use the same azimuth
mark.

f. Compare the two declination constants
determined, If they wvary more than 2 mils,
repeat 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.

276. When To Declinate the Aiming Circle

Certain rules preseribe how often and under
what circumstances the aiming circle should
be declinated to determine and to keep current
the declination constant. These rules are as
follows :

a. As a general rule, the aiming circle should
be redeclinated when it is moved 25 miles or
more from the area in which it was last dec-
linated. A move of any appreciable distance (a
few miles) 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 require redeclination of the
aiming circle.

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 dec-
lination constant for the instrument.

¢. The aiming circle should be redeclinated
every 30 days to guard against changes which
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may have occurred due to accidents to the in-
strument which were not reported. If a radical
change is observed, the instrument should be
redeclinated again within a few days to deter-
mine if the observed change was due to a mag-
netic storm or is a real change in the charac-
teristic of the instrument.

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 te
the time of day are not significant enough to
warrant a redeclination at any specific time.

277. Azimuth by Simultaneous Observations

a. 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 primar-
ily due to the fact that the azimuths at different
points are measured with respect to different
horizontal planes, This difference can be deter-
mined. The principles in b below provide a
simple and rapid means of transmitting direc-
tion between points by simultaneous observa-
tions. In general, it is easier and more accurate
to observe an astronomic azimuth at each
location.

b. 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 azimuths.
Wire or radio communication must be avail-
able between each flank station and the master
gtation. 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. (Direc-
tion can be transmitted to more than one flank
station at the same time.) A prominent celes-
tial 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 microphone so that
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he can transmit information at the same time
that he is observing a celestial body. A loud-
speaker, headset, or other device must be pro-
vided the observer at each flank station so that
he can hear instructions from the observer at
the master station. The master station observer
reports his coordinates (encoded if necessary)
to each flank station observer, and each flank
station observer notifies the master station
observer when he is ready to cbserve. When all
observers are ready, the observer at the master
station announces “Ready__ begin tracking__
3—2—1—tip.” Pointings are made on the celes-
tial body as explained in chapter 13, depending
on which instrument is used. However, each
flank station observer, if he is observing the
sun, keeps his vertical cresshair (erossline)
tangent to the leading edge of the sun and ap-
proximately bisects the sun with the horizontal
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crosshair {crossline). The master station ob-
server announces “Tip” the instant the star is
at the intersection of the crosshairs or the in-
stant the sun is tangent to both crosshairs. The
master station observer records the readings
on the horizontal and vertical scales (fig. 105).
Each flank observer records the reading on the
horizontal scale when observing the sun and the
readings on the horizontal and vertical scales
when observing a star (fig. 106). The vertical
angle is read at the flank stations only as an aid
in identification. All observers then plunge their
telescopes and repeat the procedure with the
telescopes in the reverse position, using the
procedure required for their instrument. With
the aiming circle, two readings are taken. If
observing the sun, each flank station observer
tracks with the vertical crosshair tangent to
the trailing edge of the sun. After both point-
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Figure 105. Recorder's notes made al the master station for a
gimultaneous observation.
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Figure 106. Recorder’s motes made at a flank station for a
stmultanesus observaiion.

ings, each flank station observer acknowledges
if the observation was successful. He reports
“Take again’ if the observation was not sue-
cessful, 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 deter-
mined from the observed data. This horizontal
angle is then added to the grid azimuth from
the master station to the azimuth mark to ob-
tain 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.

¢. At each flank station, the locations of both
stations are plotted on a large-scale map (fig.
107). A line is then drawn on the map repre-
senting the azimuth to the celestial body at the
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master station. The perpendicular distanee (D)
to this line from the flank station is then
measured.

d. A line is drawn on the nomograph shown
in figure 108 (also contained in TM 6-300-( ),
Army Ephemeris) 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 cor-
rection in mils (or seconds) to be applied to the
azimuth 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 mils (or seconds) must
also be multiplied by the same number. The
correction is applied to the grid azimuth of the
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Figure 107. Relative locations of the master atation,
the flank station, and the celestial body.

celestial body (determined at the master sta-
tion) 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.

¢. The corrected azimuth obtained in d above
is. the grid azimuth of the celestial body frem
the flank station. The mean of the observed
horizontal angle at the flank station, f