
CHAPTER 5. CONVENTIONAL EQUIPMENT

SECTION I. T-2E THEODOLITE

Components

The T2-E theodolite is a lightweight, compact, dust
proof optical reading instrument equipped with a fixed
reticle. This directional-type instrument measures
horizontal angles and vertical readings. 

Interior scales (circles) read by a built-in optical
system are graduated in mils. Scales can be read
directly to 0.001 mils. Circles are illuminated by
sunlight or a built-in wiring system that produces
artificial light. 

All parts of the instrument that can be damaged by
dust or moisture are enclosed.

The T-2E is divided into the tribrach, the lower part,
and the alidade. See figures 5-1 and 5-2. 

The most commonly used tribrach for the T-2E is
the GDF22. See figure 5-3. It is also used with the
target set. The GDF22 mounts on all tripods with a
standard 5/8-inch fixing screw. It has three leveling
knobs, a fish eye level, an optical plummet, and a
swivel-locking knob that attaches to the lower part
to the theodolite. 

Figure 5-1. T-2E Components.

Figure 5-2. T-2E Components (Continued).

Figure 5-3. GDF22 Tribrach.
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The lower part contains the centering flange that
attaches to the tribrach. It also contains the standing axis
system, the horizontal circle, the circle setting knob, the
horizontal mirror, and the cable plug-in for use with
artificial light. 

The lower part provides a fixed rotational axis around
the standing axis system for the alidade. The standing
axis system consists of the axis sleeve that is rigidly
connected to the centering flange and the axis stem that
is screwed fast to the alidade. 

The alidade contains the telescope, reading microscope,
and most of the T-2E operator controls.

The horizontal locking clamp fixes the alidade to
the lower part so that the alidade cannot be rotated
except by the horizontal drive screw. The horizontal
drive screw rotates the alidade for fine adjustments
in pointing.

The vertical locking clamp fixes the tilting axis of the
telescope so that it cannot be rotated except by the
vertical drive screw. The vertical drive screw rotates
the tilting axis of the telescope for fine adjustments
in pointing.

The circle selector knob allows the operator to change
his view from the horizontal circle to the vertical circle.

The micrometer knob brings the horizontal and
vertical scales into coincidence.

The automatic index button checks the functioning of
the automatic index. This ensures that any residual
error in leveling is eliminated.

Telescope 

The telescope provides an erect (upright) view of the
target. The reticle pattern is focused by rotating the
eyepiece. The target is focused by rotating the silver-
focusing sleeve. The reticle pattern is a 1 to 100 scale
stadia pattern for optical distance measurements. See
figures 5-4 and 5-5. 

To remove the eyepiece, rotate the bayonet ring
counterclockwise so that another eyepiece can be
installed. The standard eyepiece has a 30X lens.
Optional eyepieces include the 40X FOK53 and the
18X FOK 117.

When using artificial illumination, the lever under the
optical sight can be pushed toward the objective lens
(front) to illuminate the reticle.

Figure 5-4. T-2E Focusing Sleeve and Eyepiece.

Figure 5-5. T-2E Reticle Pattern.
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Accessories

Accessories (one each) are carried and stored in the
plastic transportation case. Accessories are— 

l Users manual. 

l Eyepiece assembly with carrying case. 

l MZ2 elbow microscope and a GFZ1 elbow
telescope. 

l GOF4 black sun filter. 

l Jewelers screwdriver with two adjusting pins and
two standard screwdriver blades. 

l Plastic wet weather instrument cover. 

l GSP-1 Roelofs Prism with case. 

l Illumination Kit (two GEB-58 plug-in lamps, one
GEV-34 cable, and one GEB-63 battery box). 

Setting Up the Tripod GST-20

The GST-20 tripod is the primary tripod used with
conventional survey equipment in the Marine Corps. 

Upend the tripod, place the tripod head on the toe of
your boot, and unbuckle the restraining strap. Loosen
the leg clamp thumbscrews and extend the tripod legs
to  the  desi red length.  Tighten the  leg c lamp
thumbscrews sufficiently to maintain the weight of a
T-2E and DI 3000. Do not force the thumbscrews.

Spread the legs and place the tripod over the occupied
station with one leg bisecting the angle to be
measured. Set up the tripod head so that the telescope
will be at a convenient height for the operator. Rough
level the tripod.

Insert  the bayonet  of  the plumb bob into the
instrument fixing screw. The plumb bob should hang
about 1 inch above the station. Center the tripod over
the station to within approximately 1inch of plumb. 

Firmly embed the tripod legs in the ground. The plumb
bob should now be within 0.5 inches laterally of center
of the station. The tripod head must approximate level
once the legs are embedded in the ground.

Remove the tripod head cover. Fix the cover to the
side of the tripod and lightly wipe your hand over the
tripod head to remove any sand or dirt.

Mounting the T-2E on the Tripod

Open the theodolite’s transportation case. Grasp the
theodolite by the right standard (this faces up in the
transportation case) and remove the theodolite. Place
the free hand underneath the tribrach. Maintain a hold
on the instrument with at least one hand until the T-2E
is securely tightened to the tripod.

Carefully place the theodolite on top of the tripod.
Keeping one hand on the instrument, attach the T-2E
to the tripod head by screwing the fixing screw snugly
into the base of the tribrach.

Replace the cover on the transportation case to
protect from dust and moisture. Move the case away
from the tripod to provide a working area for the
instrument operator.

Plumb and Level the T-2E

Step 1. Loosen the fixing screw slightly. Carefully
slide the instrument on the tripod head to center the
point of the plumb bob exactly over the station.

Step 2. With one hand on the theodolite, tighten the
fixing screw. Excessive tightening of the fixing screw
will bend the tripod’s slotted arm and damage the
tripod head. Be sure the point of the plumb bob
remains centered over the station. Remove the plumb
bob and return it to its case.

Step 3. Loosen the horizontal clamping screw.
Rotate the alidade until the axis of the plate level is
parallel to any two of the three leveling screw knobs.
Grasp the leveling screw knobs between the thumb
and forefinger of each hand. Turn the knobs at the
same time so the thumbs of both hands move either
toward each other or away from each other. This
movement tightens one screw as it loosens the other.
The bubble always moves in the same direction as
the left thumb. Center the bubble by using these two
leveling screw knobs. This is the first position. See
figure 5-6 on page 5-4.
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Step 4. Rotate the alidade clockwise 1600 mils. This
second position places the axis of the tubular level at a
right angle to the first position. Using the third
leveling screw knob only, center the bubble. See
figure 5-7.

Step 5. Rotate the alidade clockwise 1600 mils so that
it is 3200 mils from the first position. Level the
instrument using the same two leveling screws used in
the first position. This is the third position.

Step 6. Rotate the alidade clockwise 1600 mils so that
it is 3200 mils from the second position. Level the
instrument using the same single leveling screw used
in the second position. This is the fourth position.    

Step 7. Repeat Steps 5 and 6 above until the bubble
remains centered in both positions. 

Step 8. Rotate the alidade to the first position. If the
bubble remains centered in this position, rotate the
alidade to the second position. If the bubble remains
centered in this position, rotate the alidade throughout
6400 mils. If the bubble remains centered the
instrument is level.

Step 9. If the bubble does not remain centered during
the procedures in Step 8 but does remain within one
graduation, level the instrument by bringing the bubble
halfway back towards the centered position. If the
bubble continues to move more than one graduation, the
plate level adjustment should be performed. 

Step 10. After the instrument is level, check the optical
plumb to ensure that the instrument is centered exactly
over the station. If it is not, center the instrument over
the station by loosening the fixing screw on the tripod
and shifting the instrument on the tripod head. Check
the level of the instrument. Repeat the leveling process
if needed. Check the optical plumb again. Repeat this
process until the instrument is level and centered over
the station. The optical plumb must be in proper
adjustment. If not, the plumb bob may be a more
accurate method of plumbing the instrument. 

Eliminating Parallax and Adjusting Focus 

Before using the theodolite to measure angles, the
reticle parallax must be eliminated and the telescope
brought into focus. Parallax is eliminated by bringing
the focus of the eyepiece and the focus of the objective
lens to the plane of the reticle (crosslines). Point the
telescope toward the sky or a uniformly light surface.
Rotate the knurled ring of the eyepiece until the reticle
pattern is sharp, distinct lines. Focus your eyes on the
cross hairs and not on the sky. Point the telescope

Figure 5-6. First and Third Leveling Position. 

Figure 5-7. Second and Fourth Leveling Position.
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toward a well-defined distant point. While focusing on
the cross hairs, bring the distant point into a clear, sharp
image by rotating the focusing sleeve on the telescope.

To check for parallax, use the horizontal drive screw to
center the vertical cross hair on the point. Move your eye
horizontally back and forth across the eyepiece. If
parallax is eliminated, the cross hair will remain fixed on
the object as you move your eye. If parallax is not
eliminated, the cross hair will 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 accordingly
until there is no apparent motion.

Pointings 

Once the parallax has been eliminated and the
instrument is in focus, the instrument operator is ready
to make pointings on targets. These procedures are the
same for all pointings. However, placement of the
cross hairs depends on the type of target.

For pointings on a range pole, the standard rule is to
make the pointing centered on the lowest visible point.
When the range pole is too close to the theodolite to
judge the center, the operator can point to the left side
of the range pole with the telescope in the direct mode
and the right side in the reverse mode. The mean
between the direct and reverse will produce an angle
measured from the center of the range pole but will
usually not meet the 0.150 mil specification between
direct and reverse readings. See figure 5-8. 

When making pointings on the target plate (GZT1) of a
target set, the instrument operator should center the
cross hairs so that the vertical line is centered up and
down in the thin white extension of the small triangles.
The horizontal line should center left and right in the
thin extension of the large white triangle. See figure 5-9.

For pointings to a target reflector (GRZ3) with a single
or triple prism holder (GPH1Z or GPH3Z), the
instrument operator should center the cross hair below
the optical sight of the target reflector at the intersection
of the three yellow triangles. The target reflector must
be correctly oriented towards the theodolite for an
accurate sighting. See figure 5-10.

Figure 5-8. Pointings on a Range Pole.

Figure 5-9. Pointings on a Target Plate (GZT1).

Figure 5-10. Pointings on a Target 
Reflector (GRZ3). 
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When making pointings to an eleven-prism holder, the
instrument operator should center the cross hairs on
the center prism. Since this prism configuration is not
to be used for distances under 500 meters, parallelism
with the DI 3000 is not affected. If using the target
lamp (GEB72), place it in the center portal and use to
make pointings. See figure 5-11.

To make a pointing on a target, unlock the horizontal
and vertical clamp and point the telescope towards the
target. Roughly align the telescope on the target with
the optical sight. Lock the horizontal and vertical
clamps. Use the horizontal and vertical drive screws to
center the crosslines on the target as described above.
The last turn of the horizontal and vertical drive
screws should always be clockwise against the spring.

Reading The Scales

A system of lenses and prisms permits the instrument
operator to see small sections of either the horizontal
or vertical circles. The circles are viewed through the
circle-reading microscope eyepiece located beside the
telescope. The observer selects the circle to be viewed
by turning the circle-selector knob located on the right

standard. The field of view of the circle-reading
microscope contains three small windows. When the
red line on the circle-selector knob is horizontal, the
three windows will be yellow and horizontal readings
are taken. When the red line on the circle selector knob
is vertical, the three windows will be white and
vertical readings are taken.   See figure 5-12.

Upper Window

This window is  sometimes referred to as  the
coincidence scale. When viewing this window, two
images of graduation lines of diametrically opposite
parts of the circle are seen. Both images move in
opposite directions and appear to be separated by a
fine line. The interval between gradations on each
circle is 2 mils but coincidence between the circles
occurs every 1 mil.

Central Window 

The central window has the main scale and the base
scale. The main scale in the upper portion of the
central window. It is made up of sets of three-digit
numbers representing tens of mils. In other words, 0
mils appears as 000; 10 mils as 001; 450 mils as 045;

Figure 5-11. Pointings on an Eleven-Prism 
Holder (GPH11).

Figure 5-12. View of the T-2E Scales.
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and 6390 mils as 639. Each three-digit number is
centered above a triangular index that reads the base
scale. The base scale is in the bottom portion of the
central window. It consists of a stationary scale
numbered 9 through 0, from left to right. Each number
represents its value in mils; e.g., 9 equals 9 mils and 1
equals 1 mil.

Bottom Window

This window is called the micrometer scale. It is
graduated clockwise from −0.006 mils to 1.006 mils in
0.001 mil increments. The scale is numbered every
0.010 mils. A stationary index line is set vertically
across the center of the window.

Coincidence 

Optica l  coincidence  i s  obta ined by a l igning
diametrically opposite graduations of a circle by turning
the micrometer knob. Graduations of the circle (upper
window) are brought into coincidence by making the
graduations appear to form continuous lines across the
dividing line. See figure 5-13. 

To bring the scales into coincidence, rotate the
micrometer knob forward and then back through its
complete  range of  mot ion.  Looking in to  the
microscope, view only the upper window. 

Rotate the micrometer knob until the graduations in
the top and bottom circles form single continuous
vertical lines across the thin horizontal line of the
upper window. 

Circle Readings 

Once the operator has sighted on the target and
brought the scales into coincidence, he is ready to
announce circle readings. This is done by reading the
central and lower windows from top to bottom.
Procedures for reading the scales are the same for
horizontal and vertical readings. 

Viewing the central window, only one triangular index
in the main scale will  be over the base scale.
Announce the three digits above that index, and then
announce the digit in the base scale directly under the
index. Figure 5-13 shows 481 from the main scale and
2 from the base scale. 

Viewing the bottom window, read the two digits
directly to the left of the index line. Determine the
value of the graduation closest to the index line.
Announce the three digits together preceded by the
word “point” to designate the position of the decimal.
Figure 5-13 shows 156 in the bottom window. When
the index line appears to be centered between two
graduations, the instrument operator should read the
even number.

The circle reading should be announced in individual
digits for proper recording. Numbers are said as “four,
eight, one, two, point, one, five, six.” 

Setting the Horizontal Circle

The horizontal circle of the T-2E cannot be fixed.
Before setting the circle, a pointing at a target must be
made and the horizontal clamp locked. Generally,
there are two situations that require the instrument
operator to set the horizontal circle: establishing an
initial circle setting and orienting the telescope along a
line of known azimuth.

Figure 5-13. Sample Circle Reading.
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Initial Circle Setting 

An initial circle setting is used during the process of
measuring a horizontal angle. It provides a buffer for
both operator  point ing errors  and horizontal
collimation error. 

Make a pointing on the rear station. Ensure the circle-
selector knob is set for the horizontal circle. 

Use the micrometer knob to set 0.150 mils on the
micrometer scale (bottom window).

Rotate the circle setting knob so that the triangular
index located under the 000 number of the main scale
is directly over the 0 on the base scale.

Use the circle setting knob to bring the upper window
into coincidence. Make sure the reading in the central
window is still 0 mils. Close the cap over the circle
setting knob.

Rotate the micrometer knob forward then back
through its complete range of motion. Looking into the
microscope, view only the upper window. 

Use the micrometer knob to bring the upper window
into coincidence.

Read the horizontal circle. The reading should be
within ±0.100 mils of 0.150.

Orienting the Scale 

The horizontal circle of the T-2E can be set so that the
circle reading will correspond to a known azimuth to a
target or station. The azimuth to any point on which
the telescope is oriented can be read directly from the
horizontal circle. 

To orient the horizontal circle, make a pointing on the
station that lies along the known azimuth. Ensure the
circle-selector knob is set for the horizontal circle.

Use the micrometer knob to set the decimal mils value
of the known azimuth on the micrometer scale (bottom
window). For example, if the known azimuth is
2176.987 mils, the operator will set 0.987 on the
micrometer scale. 

Rotate the circle-setting knob so that the triangular
index located under the tens of mils value of the
known azimuth in the main scale is directly over the
1’s value on the base scale. Again, if the known
azimuth is 2176.987 mils, the operator places the
triangular index under 217 in the main scale over the 6
in the base scale.

Use the circle setting knob to bring the upper window
into coincidence. Make sure the reading in the central
and bottom windows still equals the known azimuth.
Close the cap over the circle setting knob.

Horizontal Angles

Position Angle 

The horizontal circle of the T-2E is a clockwise scale.
All horizontal readings from this instrument are said to
be clockwise horizontal angles. This should not be
confused with the rotational direction of the alidade.
The alidade is rotated clockwise in the direct mode
and counterclockwise in the reverse mode. Procedures
for measuring a horizontal angle follow.

Step 1. With the telescope in the direct mode, point to
the rear station. Set the circle selector knob for the
horizontal circle. Set the initial circle setting and
announce it to the recorder. Each time the recorder
reads back a set or measured angle the operator must be
looking into the micrometer scope to verify the reading.

Step 2. Rotate the alidade clockwise to the forward
station. Make a pointing at the forward station and
announce the circle reading to the recorder.

Step 3. Plunge the telescope to the reverse mode and
make a pointing at the forward station. Announce the
circle reading to the recorder. 

Step 4. With the telescope in the reverse mode, rotate
the alidade counterclockwise to the rear station. Make
a pointing at the rear station and announce the reading
to the recorder. 

Steps 1 through 4 above constitute one direct and one
reverse pointing on each station. This is called a one-
position angle.
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Multiple Angles 

When it is necessary to measure the angle to more than
one station, make a pointing on the rear station with
the telescope in the direct mode and then on each
station around the horizon in a clockwise direction.

After obtaining a circle reading on the last station,
plunge the telescope and make a pointing at each
station in a counterclockwise direction. Start with the
last forward station and end with the rear station. One
set of direct and reverse pointings on all of the
observed stations constitutes one position. This is
called measuring a multiple angle. 

Circle Closure 

The direct and reverse circle readings at each station
should differ by 3200 mils, ±0.150 mils. 

If the difference between direct and reverse readings is
constant over several pointings, it can be assumed that
the error is in the horizontal collimation of the
instrument. This error can be corrected through
horizontal collimation adjustment.

If the difference is not relatively constant, the error is a
mixture of collimation error and operator error. In this
case, the instrument should not be adjusted until
constant errors are measured.   

Two-Position Angle 

In artillery survey, one-position angles are normally
measured. However, it may be necessary to measure a
two-position angle. This method measures the same
a n g l e  t w i c e  a n d  u s e s  t h e  m e a n  o f  t h e  t w o
measurements. The first position angle is measured as
described previously. The second position angle is
measured the same way except that the initial pointing
at the rear station is performed in the reverse mode.
The horizontal circle is set to 4800.150 mils (±0.100)
for an initial circle setting.

When two-position angles are observed, the two
measured angles cannot differ by more than 0.050 mils.
If they do, the angles must be rejected and remeasured.

Vertical Angles

The T-2E does not measure vertical angles directly.
The vertical circle places 0 mils at the zenith. So
vertical circle readings are zenith angles, or in
artillery, vertical readings. See figure 5-14.

To convert a vertical reading to a vertical angle, the
recorder determines the angular difference between the
horizon and the line of sight. The horizon is 1600 mils
in the direct mode and 4800 mils in the reverse mode;
the line of sight is the vertical reading (zenith angle). 

The vertical angle is positive if the line of sight is
above the horizon (vertical readings less than 1600
mils and greater than 4800 mils). It is negative when
the line of sight is below the horizon (vertical readings
greater than 1600 mils and less than 4800 mils).

Vertical Index

The T-2E has an automatic vertical index. Its
functioning is checked as part of each vertical reading.
To check, the operator presses and releases the black
index button located on the left standard. Holding it in
will eventually compress the spring and cause the
automatic index to malfunction. While pressing the
button, he must view the upper window in the

Figure 5-14. Vertical Readings/Angles.
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microscope. If the instrument is properly leveled, the
graduation lines on the vertical circle will swing away
from each other and then settle back smoothly to their
original position. This verifies that the index is
functioning properly. If the graduation lines do not
settle back smoothly to their original position but jerk
to a stop, the instrument must be leveled again or
turned in for maintenance.

Determining Vertical Readings 

Make a pointing on the target in the direct mode. Set
the circle selector knob for the vertical circle. While
viewing the upper window in the microscope, press
the index button to check the automatic index.
Viewing only the upper window, bring the scale into
coincidence using the micrometer knob.

Announce the circle reading to the recorder. When the
recorder reads this back the operator must be looking
into the microscope to verify the reading.

Plunge the telescope to the reverse mode and make a
pointing at the target. While viewing the upper
window in the microscope, press the index button to
check the automatic index. Viewing only the upper
window, bring the scale into coincidence using the
micrometer knob.

Announce the circle reading to the recorder. When the
recorder reads this back the operator must be looking
into the microscope to verify the reading.

The procedures described above are the same whether the
pointings are made to a forward station or to a rear station.

Once the recorder has determined the vertical angles
from the vertical readings, the direct and reverse vertical
angles at each station should be the same (±0.150 mils).

If the difference between direct and reverse readings is
constant over several pointings, assume that the error
is in the vertical collimation of the instrument. If the
difference is not relatively constant, the error is a
mixture of collimation error and operator error. In this
case, the instrument should not be adjusted until
constant errors are measured.

Reciprocal Vertical Angles

A reciprocal vertical angle is the mean of two vertical
angles measured in opposite directions along the same
leg. The sign of the reciprocal vertical angle is the
same as the sign of the vertical angle measured from
the occupied station to the forward station.

Measuring a reciprocal vertical angle diminishes the
effects of refraction and Earth curvature. Refraction is
the bending and slowing of light as it passes through
the Earth’s atmosphere. The angle of refraction is
affected by temperature and pressure. Reciprocal
vertical angles should be measured through similar
atmospheric conditions. The time span between
measuring reciprocal vertical angles should be as short
as possible.

The effects of curvature of the Earth are minimal at
distances under 1,000 meters. Corrections are not used
in manual computations. Reciprocal vertical angles
completely negate the effects of Earth curvature. This
is why reciprocal vertical angles for all legs of a
survey longer than 1,000 meters in both fourth and
fifth order surveys must be measured. 

Most computers and software for computing surveys
will prompt reciprocal vertical angles. If you tell the
computer that reciprocal vertical angles were not
measured, the computer will apply an Earth curvature
correction to the distance. If reciprocal vertical
angles were measured, the computer will not apply
those corrections.

March Ordering

Open the transportation case and place it near the
tripod. Place the black cap over the objective lens of
the telescope. Place the telescope in a vertical position
with the objective lens down. Lock the vertical clamp.
Replace any parts of the T-2E that were taken off
during operation.   Close the mirrors and circle-setting
knob cover. Center the leveling screws on the tribrach. 

Rotate the alidade so that the red line on the right
standard is aligned with the red line on the lower part.
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Lock the horizontal clamp. Hold the theodolite by its
right standard and unscrew the tribrach from the fixing
screw. Lift the theodolite from the tripod and secure it
in the transportation case.   Replace the tripod head
cover, collapse the tripod legs, and strap the legs
together. Make sure the legs are securely tightened.

Tests and Adjustments

Keep the theodolite in correct adjustment for accurate
results. There are five operator tests and adjustments
of the T-2E theodolite. When a test indicates that an
adjustment is needed, the operator adjusts and retests
for accuracy before making the next test in sequence.
Tests and adjustments are made with the instrument
mounted on its tripod. Setup the instrument in the
shade, on firm ground, with the head of the tripod as
level as possible. Protect it from the wind. Tests and
adjustments must be made in the following sequence: 

l Plate level.

l Circular bubble.

l Optical plumb.

l Horizontal collimation.

l Vertical collimation (index error).

Plate Level 

The plate level adjustment aligns the vertical axis of the
theodolite to a line that is perpendicular to the geoid
when the bubble of the plate level is centered in its vial. 

Unlock the horizontal clamp and rotate the alidade until
the axis of the plate level is parallel with any two
leveling screws. Center the bubble using those two
screws. Rotate the alidade clockwise through 1600 mils
and center the bubble with the third leveling screw.

Rotate the alidade through 3200 mils. Noting the
position of the bubble, use the third leveling screw to
bring the bubble halfway back to its centered position.
Use an adjusting pin from the jewelers screwdriver to
carefully turn the adjustment screw until the bubble
centers. The adjustment screw is located inside a small
aperture at the bottom of the left standard.

Repeat these steps until the bubble remains centered
within one graduation for all positions of the alidade.

Circular Bubble 

This adjustment makes sure the vertical axis of the
tribrach aligns with the vertical axis of the theodolite.
This is very important when taking the T-2E off the
tribrach and replacing it with a target carrier. 

This test ensures that when the plate level is level to
within one graduation of center, the circular bubble
must be centered or adjusted. 

On the GDF22 tribrach, two capstan screws are
accessible via the side slits under the circular bubble.
As either screw is loosened, the bubble runs towards
it; as it is tightened the bubble runs away. 

Use an adjusting pin in the jeweler’s screwdriver to
turn one of the two capstan screws until the bubble is
located on a line between the center of the circle and
the other screw. 

Turn the other screw until the bubble is centered in the
circle. Repeat if necessary. Do not turn the screws
anymore than is necessary. 

Optical Plumb

This adjustment makes the vertical axis of the GDF22
tribrach pass through the station mark when the
theodolite (or target carrier) is properly leveled and
plumbed. This test requires that a theodolite or a target
carrier be mounted in the tribrach. Leveling must be
precise to test the optical plummet. The plate level of
the theodolite or target carrier must have been already
adjusted to perform this test. 

Set up and fine level the theodolite on a level tripod.
Attach a plumb bob to the fixing screw.    

Place a piece of paper or tape on the ground under the
plumb bob. Use a fine tip pen to mark the plumb point
on the paper. Rotate the plumb bob’s bayonet plug and
mark several positions through 6400 mils. Determine
the center position of all the marks.

Remove the plumb bob. The tribrach should be
optically plumb over the center of the plumb bob
marks. If not, adjust the optical plumb.   



5-12 _____________________________________________________________________________________________  MCWP 3-16.7

The optical plumb has two adjusting screws located on
the optical plumb arm under the tribrach. To adjust the
optical plumb, look through the optical plumb. Use two
jewelers screwdrivers to turn the adjustment screws in
small increments in the direction shown in figure 5-15
at the same time until the optical plumb is centered over
the mark. 

Horizontal Collimation 

This adjustment makes the line of sight perpendicular
to the tilting axis of the telescope.

To test, select a well-defined point at least 100 meters
f rom and a t  about  the  same e levat ion  as  the
instrument. With the telescope in the direct position,
center the vertical cross hair on the target and read the
horizontal circle reading to the recorder. Plunge the
telescope to the reverse position and take a reverse
reading to the same point.

The difference between the direct and reverse readings
should be exactly 3200 mils. Assuming no operator
error is present, the discrepancy between the actual
difference in the two readings and 3200 mils is the
apparent horizontal collimation error or twice the
actual horizontal collimation error. If the apparent

horizontal collimation error exceeds the specified
standard (0000.150 mils for the T-2E), the operator
should perform the horizontal collimation adjustment.

The horizontal collimation is adjusted as small as
possible at the factory but cannot be completely
eliminated by adjustment. For this reason, adjustments
of the horizontal collimation should only be made when
absolutely necessary. Another reason is that if the
adjustment screws are not set correctly (too loose or
tight), the instrument will not maintain the adjustment. 

To adjust the horizontal collimation error, with the
telescope on the point in the reverse position, set the
mean value of the direct and reverse pointings on the
micrometer scale by using the coincidence knob.
Bring the main scale into coincidence by using the
horizontal tangent screw. This moves the vertical
crossline of the telescope off the point by the amount
of the actual horizontal collimation error.

Use the adjusting pins in the jewelers screwdriver to align
the vertical crossline back on the point by lateral
movement of the reticle within the telescope. The T-2E
has two pull-action capstan adjusting screws arranged
horizontally and on opposite sides of the telescope. To
align the vertical cross hair, loosen one screw and tighten
the opposite one an equal amount. The cross hair will
move laterally toward the screw that you tighten. Do not
try to make the entire adjustment in one step. Loosen and
tighten the opposite screws in small amounts. Proceed in
this manner until the cross hair is aligned on the station.
Make sure the capstan screws are rotated equally;
otherwise the reticle will be too loose or too tight and will
not remain in adjustment. 

Perform the horizontal collimation test again. Make
add i t i ona l  ad ju s tmen t s  a s  needed  un t i l  t he
difference between the direct and reverse pointings
is less than 0.150 mils.

Vertical Collimation (Index Error) 

This adjustment makes the line of sight perpendicular
to the zenith when the vertical circle reads 1600 mils
with the telescope in the direct position or 4800 mils
with the telescope in the reverse position. The sum of
the direct and reverse readings should equal 6400 mils.
Any difference between the sum of the two readings
and 6400 mils is the apparent vertical collimation error

Figure 5-15. Optical Plumb Adjustment Screws.
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(or twice the actual error). If the difference exceeds
0.150 mils, adjust the vertical index.

The index error is adjusted as small as possible at the
factory but cannot be eliminated by adjustment. For
this reason, adjustments of the vertical collimation
should only be made when absolutely necessary.

To adjust, with the telescope in the reverse position
and accurately sighted on the selected point, use the
micrometer knob to set the fractional part of the
corrected reading on the micrometer scale. This will
bring the scale out of coincidence. See figure 5-16 to
compute the corrected reading. 

Use the wide tip in the jewelers screwdriver to open
the index cover located beside the vertical drive screw
to show the index adjustment screw. Turn the index
adjustment screw until coincidence is obtained in the
upper window of the scales. Close the index cover.

Repeat the test and adjust as needed until the sum of the
direct and reverse pointings is within 0.150 mils of 6400.

Artificial Illumination

The T-2E theodolite is equipped for artificial
illumination by way of a coaxial socket located on the
lower part of the theodolite and an illumination kit.
The horizontal and vertical circle can be illuminated as
well as the reticle.

All components of the illumination kit are stored in the
GEB-63 battery box. The battery box has three socket

holes along its bottom edge. The largest of these
socket holes is for a cable connected to an external
power source; i.e., GEB-70 battery. The other two
holes are for instrument illumination. The battery box
also has an ON/OFF switch located on its side. See
figure 5-17.

The illumination kit is powered primarily by a 9 volt
battery. Under normal conditions a new 9 volt battery
will last up to 20 hours. Place the ON/OFF switch in
the OFF position when power is not needed to prevent
undue discharge and increase battery life. Remove the
9 volt battery for storage. A cable is available to
provide external power from a GEB-70 NiCad battery.

Two GEB-58 plug-in lamps supply the illumination.
These lamps plug in to the mirror sockets when the
mirrors are removed. Each GEB-58 lamp has a rheostat
that rotates to adjust brightness. They also contain high-
performance light emitting diodes (LED) for uniform
illumination of the circles and the field of view.

To attach the illumination kit before leveling the T-2E,
remove the mirrors and plug in the lamps. Place the
mirrors in the transportation case until replaced on the
theodolite. Hang the battery box on a tripod leg.

Plug in one end of the GEV-34 cable into the coaxial
socket on the lower part. Plug in the other end to one
of the two small socket holes at the bottom of the
battery box. Both ends of the cable are the same.
Attach external power if needed.

Place the ON/OFF switch in the ON position. Adjust
the illumination brightness with the rheostat knobs on
the plug-in lamps.

Direct Reading: 1609.812 1598.216

Reverse Reading: 4790.715 4801.208

SUM= 6400.527 5399.424

Apparent Error: +0.527 -0.576

Actual Error: +0.264 -0.288

Correction: -0.264 +0.288

Corrected Reading: 4790.451 4801.496

Figure 5-16. Computing the 
Corrected Reading.

Figure 5-17. GEB-63 with Accessories.



5-14 _____________________________________________________________________________________________  MCWP 3-16.7

Maintenance

Clean all lenses, mirrors, and bubbles with lens paper.
Do not touch the lenses with your fingers. Wipe all
paintwork with a dry, lint-free cloth. If needed,
moisten the cloth with ether or alcohol; never use oil,
benzene or water. 

Carefully wipe a wet instrument with a dry, lint-free
cloth. Let a wet instrument dry completely before
returning it to the case. Never store a wet instrument
in its case.

Keep the case clean inside and out. Remove the foam
rubber inserts to clean.

When a large temperature difference exists between
outside and storage temperatures, allow time for the
instrument to obtain temperature equilibrium. This is
necessary if full use of the instruments measuring
accuracy is to be obtained. As a general rule, the time
to obtain equilibrium corresponds to the temperature

difference in °C. In other words, if there is a 5°C
difference between storage and outside temperatures,
then allow 5 minutes.

The transportation case should not be used for storage
of the T-2E. Store the theodolite outside the case so
that air can flow around it. This helps to prevent
mildew and fungus in both the T-2E and the case.
Store the T-2E in an area as close to outside
temperatures as possible to decrease the effects of
steaming of the optics and condensation. Use a
dehumidifier in humid climates.        

Transport the T-2E in the foam rubber-padded
transportation cases. 

Test the T-2E on a quarterly basis. Adjust it only when
needed.  Keep a  test  and adjustment  log with
equipment records if possible.

Conduct calibration and repair through the survey
instrument calibration program (SICP). 

SECTION II. DI 3000 DISTOMAT

The DI 3000 is a timed-pulse electronic distance-
measuring device. The time needed for a pulse of
infrared light to travel to the reflector and back is
measured. Depending on the measuring mode, the
displayed result will be the mean of hundreds or
even thousands of such measurements. The laser is
listed as a Class 1 laser product meaning it is
completely harmless. 

Range and Accuracy

The maximum range depends on atmospheric
conditions and prism configuration. Poor atmospheric
conditions such as haze or bright sunlight will
decrease its maximum ranges. Table 5-1 shows the
typical ranges that can be expected with different
target configurations and different atmospheric
conditions using Wild (Leica) circular prisms. 

Accuracy of the displayed distances depends on the
operating mode. Standard deviation is listed at 3-5
millimeters +1 parts per million for all operating
modes except the tracking mode (10 mm + 1 ppm).
One parts per million equals 1 millimeter per
kilometer measured. This means that with a distance
of 10,000 meters in the normal mode, the standard
deviation equals 13-15 millimeters.

Table 5-1. Typical Ranges.

Number of ATMOSPHERIC CONDITIONS
Prisms Poor Average Excellent

about about about
1 2.0 km 6 km 9 km
3 2.3 km 7 km 11 km

11 2.7 km 9 km 14 km
Poor:  Strong haze with visibility about 3 km or very bright sunlight with 
severe heat shimmer.
Average:  Light haze with visibility about 15 km or moderate sunlight 
with light heat shimmer.
Excellent:  Overcast, no haze, visibility about 30 km, no heat shimmer.
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Power Sources 

The DI 3000 requires a 12 volt DC power source.
Several sources of power are available. The GEB-70 is
a  2  amp hour ,  12  vo l t  DC,  Nicke l -cadmium
rechargeable battery. Fully charged it provides
sufficient power to measure about 2000 distances. The
GEB-70 has a clip on its side so it can hang on a tripod
leg. It has a 2.5A fuse on its bottom to prevent damage
to the battery and distomat. A 5-pin cable (GEV-52)
connects the GEB-70 to the DI 3000. See figure 5-18. 

The battery has a nonconstant discharge rate. The
battery discharges quickly between power indicators 9
to 7 and between indicators 3 to 1. It discharges slowly
between power indicators 7 to 3. The power indicators
are displayed on the DI 3000 Control Panel. When the
battery voltage drops below 11.0V (power indicator
1), the distomat will not measure a distance. Error
message 12 appears on the display. See figure 5-19.

The GEV-51 cable connects the DI 3000 to a 12 volt
vehicle battery. One end has alligator clips for the
battery terminals. The other end has a black box with a
2.5A fuse with two spares. The black box has a 5-pin
connection for the GEV-52 power cable.

The GKL-12 battery charger can recharge two GEB
70 NiCad batteries at a time. It generally takes 14
hours to recharge a completely discharged battery. The
charger plugs into a standard AC outlet and may be set
for either 115 or 220 volts. When the batteries are
connected, a red light illuminates on the charger. If no
light appears, then the cables are not connected
properly, no power is going to the charger or the fuse
in the batteries are blown.

The charger has a built-in overload protection timer. With
a battery connected, press the red button to start a 14-hour
charge. If there is a break in the AC main supply, the
timer restarts automatically. At the end of charging, it
automatically switches off the power supply.

Mounting the DI 3000 to a T-2E

Before the DI 3000 can be mounted on a T-2E, the
operator must ensure the theodolite has been properly
modified. Modification includes adding an adapter plate
to the reverse side of the telescope, adding a tension pin
on the standard of the theodolite, and changing the
spring in the vertical drive. See figure 5-20. 

Figure 5-18. GEB-70 NiCad Battery.

Figure 5-19. GEB-70 Discharge Rate. Figure 5-20. DI 3000 Bottom View.
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Setup and plumb the tripod. Mount the theodolite on the
tripod. Remove the carrying handle and lens cap from the
theodolite. Place the telescope in the reverse position.

Attach the GEB-70 battery to the tripod leg. Do not
disturb the plumb and level of the tripod. Holding the
DI 3000 by the carrying handle, press the two spring
levers at the keyboard end together with the other hand.

Place the DI 3000 over the telescope. Align the
tension pin on the standard between the balancing
springs on the distomat. Lower the distomat so that
the holes in the base plate are aligned to the posts on
the telescopes adapter plate. Release the two spring
levers. Check to ensure the DI 3000 is properly
seated. See figures 5-21 and 5-22.

Connect the large end of the GEV-52 cable to the GEB
70 battery or to the GEV-51 12v cable by aligning the
red dots on the connectors. Connect the small end of
the GEV-52 cable to the DI 3000 by aligning the red
dots on the connectors. 

Remove the lens covers from the front of the distomat
and place them in the instrument case. Close the
instrument case and place it out of the way. Plumb and
level the theodolite.

Control Panel

All DI 3000 operations are performed using the
control panel. It includes the signal strength indicator,
the LCD display, and the keyboard. See figure 5-23.

The signal strength indicator is located at the upper right
corner of the control panel. When a signal is received
from a prism set, the indicator illuminates in red. When
a weak signal is received, the indicator illuminates to
the left; when a strong signal is received, the indicator
illuminates to the right. If no return signal is received,
the indicator does not illuminate. 

Figure 5-21. T-2E Modification for DI 3000.

Figure 5-22. DI 3000 Mounted on T-2E.

Figure 5-23. DI 3000 Control Panel.
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The DI 3000 is equipped with a seven-digit LCD that
illuminates. The full distance is always displayed as well
as symbols indicating operating modes and functions.

The keyboard is the operator’s interface with the
distomat. The keys have several functions as indicated
by their colors. White keys are main commands, green
keys are display settings, and orange keys are set and
store parameters. The DI 3000 beeps with each
keystroke unless that keystroke is out of sequence,
illogical or is carrying out an operation. 

Operation 

Press the ON/OFF button to start. The LCD displays
the stored ppm and prism constant. To turn off, press
the ON/OFF button. By default, the DI 3000 switches
off automatically 10 minutes after the last keystroke
except when in the tracking mode.   

The display field is illuminated from the back. To
illuminate the display press the LAMP button. Press it
again to turn off.

To display the LCD test and the battery power
indicator, press and hold down the TEST button. The
display check appears while the TEST button is
pressed; when released the battery power indicator
displays the battery voltage in terms of a value from
1 to 9. The DI 3000 sends out a signal to the prism
set, the signal strength indicator illuminates, and a
tone sounds. The STOP button cancels the tone.
Press any command key to exit the test mode. 

The CE key (CE, RUN, +/-) allows the operator to exit
from a command while retaining the current setting.
While inputting data the CE button clears the entry
one figure at a time until RUN is touched. RUN
completes entries and commands. Once RUN is
touched, settings are made and their values stored. To
enter values that require a negative, press the +/− key.

Use the STOP key to halt—
l Tracking in the track mode.
l The repeat mode.
l A normal measurement. This is necessary if the

beam i s  i n t e r rup ted  by  an  ob jec t  and  the
measurement cannot be completed.

l The tone in the test mode.

System Settings

Prism Constant (Millimeters) 

The DI 3000 determines the distance to the center of
the reflective surface of the prism. The surface
position is offset differently depending on the type of
prism used. If the measured distance is to be correct,
the prism constant for the type of prism must be stored
in the DI 3000. The prism constant must be entered in
millimeters. Use the following settings:

l 0 millimeter for Wild circular prisms.

l −35 millimeter for Wild rectangular prisms.

l When using non-Wild prisms, determine the prism
constant by measuring on an accurately known base
line. To store the prism constant press SET, mm;
enter the millimeter value; and press RUN.

Units 

The DI 3000 can measure meters or feet. The unit of
measurement that has been stored will be used until it
is changed, even if turned off and then on again. An F
(for feet) will appear in front of the ppm value on the
display if feet are stored as the unit of measure. To set
units, press SET, MODE. Enter 41. Press RUN. Enter
0 for meters, 1 for feet. Press RUN.

Decimal Fix 

The number of digits displayed after the decimal point in
a measured distance can be set from 0 to 4. This setting
remains until changed. The displayed distances are as
follows (n = number of digits after the decimal point):

To set the number of digits after the decimal press
SET, FIX; enter n. 

n = 0 1m 1 ft 

n = 1 0.1m 0.1 ft

n = 2 0.01m 0.01 ft 

n = 3 0.001m 0.001 ft 

n = 4 0.0001m 0.0001 ft 
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Scale Correction (Parts Per Million) 

The scale correction in parts per million applies
proportionate corrections to a measured distance. The
corrections negate the affects of atmospheric
conditions, sea level reduction, and projection scale
factor. The affects of atmospheric conditions are
discussed in this paragraph. The affects of sea level
reduction and projection scale factor are corrected in
most survey computer systems and should not be used
with the DI 3000. 

Atmospheric conditions affect the speed of the infrared
light that, in turn, affects the time for that light to travel
to the prism and back. So the time to compute the
distance is in error and a parts per million compensates
for this. The conditions used to determine parts per
million corrections are temperature, barometric
pressure, and humidity.

Temperature and Barometric Pressure 

Temperature and barometric pressure are generally
considered together to produce a scale correction. The
operators manual has a chart for figuring a parts per
million from temperature and pressure. The DI 3000
allows the operator to enter that parts per million or can
compute i t  f rom a user-entered pressure  and
temperature. Let the distomat compute the parts per
million. Enter pressure in millibars, temperature in °Cs.
Both methods are explained below.

To store the scale correction (parts per million)—

l Press SET, ppm.

l Enter the ppm value.

l Press RUN.

To enter and store pressure and temperature—

l Press SET, p/t.

l Enter the pressure (550 mb to 1050 mb).

l Press RUN.

l Enter the temperature (-99 to +99°C).

l Press RUN.

Relative Humidity 

The influence of humidity on infrared light is very
small. It needs only to be considered in hot regions,
and if the most precise distance measurements are
needed. The humidity value defaults to 60 percent
when turned on. This default value is sufficient for all
artillery survey applications. The atmospheric
correction in ppm is calculated using the entered
temperature, pressure, and humidity values. If the
default value of 60 percent humidity is accepted, the
error in the calculated atmospheric correction will
never exceed 2 parts per million at 50°C. It will never
exceed 0.5 parts per million at 20°C. To enter the
relative humidity, press SET, MODE. Enter 45. Press
RUN. Enter the humidity value in percent. Press RUN.

The DI 3000 does not store the humidity value when
turned off. The default value of 60 percent is reset at
turn-on and the parts per million displayed is
recomputed using the default value.

Distance Measurement 

Once the DI 3000 has been mounted on the T-2E and
the theodolite is properly plumb and level, the operator
must sight on the target. To measure a distance press
ON. Enter the scale correction. Press TEST. If the
signal strength indicator displays a sufficient return
signal, the operator can measure the distance using one
of four operating modes shown below. If the return
signal strength is not sufficient to measure a distance,
correct the parallelism of the distomat.

The normal (DIST) mode takes 3.5 seconds and has a
standard deviation of 3 − 5 millimeters + 1 parts per
million. Press DIST. Distance is measured and
displayed. If the operator uses this mode, several
distances must be measured and meaned. At least three
distances must be measured. 

The rapid (DI) mode takes 0.8 seconds and has a
standard deviation of 5 millimeters + 1 parts per
million. Press DI. The DI 3000 measures the distance
and displays it. If the operator uses this mode, several
distances must be measured and meaned. At least three
distances must be measured. The primary difference
between this mode and the normal mode is the listed



Marine Artillery Survey Operations ______________________________________________________________________  5-19

accuracy. This mode can also be used when heat-
shimmer conditions prevent the user from measuring
long distances with the normal and repeat modes. 

The tracking (TRK) mode takes 0.8 seconds for the initial
measurement followed by updates every 0.3 seconds. It
has a standard deviation of 10 mm + 1 ppm. Press TRK.
This mode sends a constant signal and continuously
displays a new distance. It will mostly be used with stake
out measurements but can be used during parallelism
adjustments. This mode can drain batteries if not
monitored because the automatic shut-off is disabled
while tracking. 

The repeat (DIL) mode takes 3.5 seconds for the initial
measurement and repeats automatically. The display
in the repeat mode alternates between the cumulative
mean of all measurements on one display and the
number of measurements taken (n) and the standard
deviation (s) in millimeters of a single measurement
on the next display. Press DIL. The instrument
operator monitors the standard deviation as it falls and
then levels out. Once the standard deviation levels out,
press STOP. The cumulative mean of all distances is
displayed. If the number of measurements and the
standard deviation needs to be viewed, press DSP.

Interruptions in the beam of infrared light will not
affect the result. If the beam is interrupted, the display
shows from 1 to 6 bars. The bars indicate how far the
measurement has progressed. One bar equals start of
measurement; six bars equals end of measurement.

Short interruptions can be caused by air turbulence.
Thus, long distance measurements may take slightly
longer in heat-shimmer conditions. In the normal, rapid,
and repeat modes, the measurement terminates
automatically if the beam is interrupted for 30 seconds.
In the tracking mode the tracking sequence starts again
with an initial 0.8 second-measurement if the beam is
interrupted for 0.5 seconds. 

Parallelism: DI 3000 to Telescope

The infrared beam of the DI 3000 and the line of sight
of the T-2E telescope should be parallel. The return
signal strength is strongest when a proper pointing is

made at a target. If parallelism is not correctly adjusted,
the return signal strength is weak or none at all. 

Parallelism is normally adjusted at the distomat but the
prism-target distance must be set for the type of
theodolite. Prism-target distance is the distance from
the center of the prism (GPR1) to the center of the
optical sight on the target reflector (GRZ3). This
distance must be set so that it equals the distance
between the center of the objective lenses of the DI
3000 and the center of the telescope’s objective lens.
See figure 5-24.

To se t  pr ism-target  d is tance ,  use  a  jewelers
screwdriver to drive the grub screw in the stem of the
prism holder (GPH3Z) into the stem. 

Slide the two stems of the prism holder into the target
reflector so that the grub screw aligns with the 87 mm
hole labeled for the T-2 theodolite. 

Use the jewelers screwdriver to draw the grub screw
out of the stem enough to keep the prism holder fixed
in place in the target reflector.

Checking Parallelism

Check parallelism before starting a survey. The
adjustment can be made anytime. To check the
parallelism, set up the DI 3000. Set up a target at least
200 meters away with a clear line of sight. 

Figure 5-24. Prism-Target Distance.
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Make a pointing on the target reflector. Press ON,
TEST. If the signal strength indicator illuminates to
the right of center, do not adjust. If the indicator
illuminates to the left of center or not at all, adjust.

Adjusting Parallelism

If the procedures above indicate that a parallelism
adjustment is needed, ensure the telescope of the T-2E
is properly pointed on the target. Press TEST. View
the optical sight located on the bottom right side. 

Use the hex key to turn the horizontal and vertical
adjustment screws to bring the white cross onto the
prism. The signal strength indicator should illuminate
towards the right and an audible tone will be heard.
See figure 5-25. 

Viewing the signal strength indicator, adjust the
horizontal and vertical adjustment screws until the
strongest return signal is achieved. Press STOP, OFF,
ON, TEST. 

The signal strength indicator should illuminate to
the right and the audible tone should sound. Press
STOP, OFF. 

SECTION III. TARGET SET

The target set is a system that allows for forced
centering over a station being used as a target for
measuring angles and distances. It provides a rapid and
accurate method of switching between target and
theodolite and requires the tripod and tribrach to be
setup only once. Referred to as the target set, it has a
standard quick release mounting post. It holds the target
plate, prism holders, or the MSGR 4000 (GPS-S)
antenna with a quick release adapter. It has night
lighting capability and is virtually waterproof.

Components    

Tribrach (GDF22)

The tribrach for the target set is the GDF22 (the same
tribrach used with the T-2E). The GDF22 mounts on

all tripods with a standard 5/8-inch fixing screw. It
has three leveling knobs, a fish-eye level, and an
optical plummet. 

Target Carrier (GZR2) 

There are two types of target sets: simple and
precise. The difference is the target carrier. The
GZR2 is used with the precise target set. It has a
plate level for precise leveling-up. When properly
adjusted, leveled, and mounted in a tribrach with a
properly adjusted optical plummet, the target can be
centered over  the ground point  to within 0.5
millimeters. The GZR2 is designed for use with the
T-2E. It is placed in the tribrach and is locked in
place by turning the swivel-locking knob on the side
of the tribrach. See figure 5-26.

Figure 5-25. Adjusting Parallelism.
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Target Plate (GZT1) 

The target plate is fitted onto the target carrier by
pressing the release button on the bottom side of the
plate. It has a black and white target grid that creates
reference marks for horizontal and vertical pointings.
When fitted on the GZR2 carrier, the horizontal
pointing marks of the target plate are the same height
above the tribrach base as the T-2E tilting axis. The
vertical pointing mark is aligned with the plumb line
when the carrier and tribrach are properly adjusted and
leveled. The target is generally observable in daylight at
distances of over 1 kilometer. For longer distances, the
GZT2 large target plate can be fitted onto the GZT1
target. The large target plate is not a component of the
target set, but it is a component of the survey set. The
GZT2 target allows sightings as long as 8 kilometers in
good visibility conditions.

Illumination Kit

The illumination kit consists of a screw on reflector and
a battery box. The battery box has an ON/OFF switch on
the back of the case and is powered by two AA batteries.
The bulb is screwed into the front side of the case and an
extra bulb is inside. The reflector is screwed onto the
case over the bulb and slides over the backside of the
target plate (used with the GZT1 target only.) The target
set holds the target plate GRZ3 with the triple prism

holder GPH3Z. The prism holder has a release button
like the GZT1’s target plate for mounting on the target
carrier. When the prism holder is set for use with the
T-2E theodolite, the horizontal pointing markers on the
prism holder are the same height above the tribrach base
as the T-2E tilting axis. See figure 5-27. 

Mounting

Open the target set case. Carefully place the tribrach
on top of the tripod. Keep one hand on the tribrach and
attach the tribrach to the tripod head by screwing the
fixing screw snugly into the base of the tribrach. Make
sure the swivel-locking knob is open. Carefully place
the target carrier into the tribrach. Rotate the swivel-
locking knob clockwise one-half turn until the arrow
points down and the carrier is secure.

Plumb and Level 

Step 1. Loosen the fixing screw slightly and carefully
slide the target set on the tripod head to center the
point of the plumb bob exactly over the station.

Figure 5-26. Target Set with Target Plate.

Figure 5-27. Target Set with GRZ3 and GPH3Z.
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Step 2. With one hand on the target set, tighten the
fixing screw. Excessive tightening of the fixing screw
will bend the tripod’s slotted arm and damage the
tripod head. Be sure the point of the plumb bob
remains centered over the station. Remove the plumb
bob and return it to its case.

Step 3. Rotate the target carrier until the axis of the
plate level is parallel to any two of the three leveling
screw knobs. Grasp the leveling screw knobs between
the thumb and forefinger of each hand. Turn the knobs
at the same time so the thumbs of both hands move
either toward each other or away from each other. This
movement tightens one screw as it loosens the other.
The bubble always moves in the same direction as the
left thumb. Center the bubble by using these two
leveling screw knobs. This is the first position. 

Step 4. Rotate the target carrier clockwise 1600 mils.
This second position places the axis of the plate level
at a right angle to the first position. Using the third
leveling screw knob only, center the bubble. 

Step 5. Rotate the target carrier clockwise 1600 mils
so that it is 3200 mils from the first position. Level the
target set using the same two leveling screws as were
used in the first position. This is the third position.

Step 6. Rotate the target carrier clockwise 1600 mils
so that it is 3200 mils from the second position. Level
the target set using the same single leveling screw that
was used in the second position, this is the fourth
position.

Step 7. Repeat Steps 5 and 6 above until the bubble
remains centered in both positions.

Step 8. Rotate the target carrier to the first position. If
the bubble stays centered in this position, rotate the
target carrier to the second position. If the bubble stays
centered in this position, rotate the target carrier
throughout 6400 mils. If the bubble stays centered, the
instrument is level.

Step 9. If the bubble does not stay centered during the
procedures in Step 8 but is within one graduation,
level the instrument by bringing the bubble halfway
back towards the centered position. If the bubble
continues to move more than one graduation, adjust
the level vial. 

Step 10. After the instrument is level, check the
opt ica l  p lumb to  make sure  the  target  se t  i s
centered exactly over the station. If not, center the
instrument over the station by loosening the fixing
screw on the tripod and shifting the target set on
the tripod head. Check the level of the target set. If
necessary, repeat the leveling process and check
the optical plumb again. Repeat this process until
the target set is level and centered over the station.
The optical plumb must be in proper adjustment. If
not, the plumb bob may be a more accurate method
of plumbing the instrument. 

Mounting the Target Plate

Once the target set is plumbed and leveled, place the
target plate on the carrier. 

If using a GZT1 target plate, depress the release button
at the bottom-side of the target plate. Carefully place
the target plate over the target carrier mounting post.
Orient the target towards the station that will be
sighting on the target. Place the GZT2 large target
plate or the illumination kit over the GZT1 target plate
at this time.

If using the GRZ3 target plate with the GPH3Z triple
prism holder, depress the release button at the bottom-
side of the target plate. Carefully place the target plate
over the target carrier mounting post. Orient the target
towards the station that will be sighting on the target
using the optical sight on the target plate. If needed,
rotate the prisms vertically by loosening the screw
knobs on the sides of the target plate and rotating the
plate until the prisms are oriented towards the station.
Tighten the screw knobs. After placing the target
plate on the target carrier, verify the target set plumb
and level.

Tests and Adjustments 

The target set must be kept in correct adjustment to
get accurate results. Test and adjust with the set
mounted on its tripod. Set up the target set in the
shade on firm ground with the head of the tripod as
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level as possible. Protect the target set from the wind.
When a test shows that an adjustment is needed, the
operator adjusts and retests for accuracy before
making the next test in sequence. 

l Plate level.

l Circular bubble.

l Optical plumb.

Plate Level 

This adjustment aligns the vertical axis of the target
carrier to a line that is perpendicular to the geoid when
the bubble of the plate level is centered in its vial.

Rotate the target carrier until the axis of the plate level
is parallel with any two leveling screws. Center the
bubble using those two screws. Rotate the target
carrier clockwise through 1600 mils and center the
bubble with the third leveling screw. Rotate the target
carrier through 3200 mils. Noting the position of the
bubble, use the third leveling screw to bring the bubble
halfway back to it’s centered position.

Use an adjusting pin from the jewelers screwdriver
with the T-2E theodolite to carefully turn the
adjustment screw until the bubble is centered. The
adjustment screw is located inside a small aperture at
the base of the carrier.

Repeat these steps until the bubble remains centered
within one graduation for all positions of the alidade.

Circular Bubble

This adjustment ensures that the vertical axis of the
tribrach is aligned with the vertical axis of the target
carrier. This is very important when taking the
target carrier off the tribrach and replacing it with a
T2-E theodolite.

To test, simply level the target carrier plate level to
within one graduation of center. Then center or adjust
the circular bubble.

On the GDF22 tribrach, two capstan screws are
accessible via the side slits under the circular bubble.
As either screw is loosened, the bubble runs towards
it; as it is tightened the bubble runs away. 

To adjust, use an adjusting pin provided in the
jewelers screwdriver with the T-2E theodolite. Turn
one of the two capstan screws until the bubble is
located on a line between the center of the circle and
the other screw. 

Turn the other screw until the bubble is centered in the
circle. Repeat if necessary. Do not turn the screws any
more than is needed to adjust.

Optical Plumb 

This adjustment makes the vertical axis of the GDF22
tribrach pass through the station mark when the target
carrier is properly level and plumb. 

The test requires that a target carrier be mounted in
the tribrach. This is because leveling must be precise
to test the optical plummet. The plate level of the
target carrier must have been already adjusted to
perform this test. 

Set up and fine level the target set on a level tripod.
Attach a plumb bob to the fixing screw.    

Place a piece of paper or tape on the ground under the
plumb bob. Use a fine tip pen to mark the plumb point
on the paper. Rotate the plumb bob’s bayonet plug and
mark several positions through 6400 mils. Determine
the center position of all the marks.

Remove the plumb bob. The tribrach should be
optically plumb over the mark located in the center of
the plumb bob marks. If not, adjust the optical plumb.   

The optical plumb has two adjusting screws on the
optical plumb arm under the tribrach. Look through
the optical plumb. Use two jewelers screwdrivers to
turn the adjustment screws in the direction shown in
figure 5-15 on page 5-12 until the optical plumb is
centered over the mark. 

Maintenance

Clean the plate level and circular bubble with lens
paper. If needed, moisten a cotton ball or swab with
ether or pure alcohol. Never use liquids such as



5-24 _____________________________________________________________________________________________  MCWP 3-16.7

benzene, oil or water. Do not touch the objective
lenses with your fingers.

Wipe paintwork clean. If needed, use a cloth dampened
with water. Never use liquids such as benzene.

Wipe a wet instrument carefully with a dry, lint-free
cloth. Let the instrument dry completely before placing it
in the case. Never store a wet instrument in its case.

Wipe cables clean with a damp cloth. If a connection
or a cable plug is dirty, wash it in spirit and let it dry.

Keep the case clean inside and out. Keep the inside dry. If
water gets in the case, wipe and leave open to dry.

Do not store the target set inside the shipping case.
Remove the instrument from the case so that air can
flow around it. This helps prevent mildew and fungus

in the case and instrument. Store the instrument in a
low humidity, dust proof area.

Transport the target set in the foam rubber-padded
transportation cases.

Test the target set quarterly. Adjustments made to
a theodolite are useless if the target set is not
properly adjusted. 

Conduct calibration and repairs for the target set
through the SICP.

To change the AA batteries in the illumination kit,
unscrew the two screws on the backside of the
battery box. Be careful not to pull the back off too
far. A delicate cable inside the box only allows about
1-inch play. 


