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7-1 Description 
 
a.  The T2-E Theodolite is a lightweight, compact, dust 
proof optical reading instrument equipped with a fixed 
reticle.  It is a directional-type instrument used to 
measure horizontal angles and vertical readings. 
 
b.  The interior scales (circles), read by means of a 
built-in optical system, are graduated in mils, and can 
be read directly to 0.001 mils.  The circles are 
illuminated by sunlight or by a built-in wiring system 
producing artificial light.  All parts of the instrument 
that can be damaged by dust or moisture are enclosed.  
 
7-2 Components 
 
    The T-2E is generally divided into three parts:  the 
Tribrach, the Lower Part, and the Alidade.  (See Figures 
7-2 and 7-3.)   
 
a.  Tribrach.  The most commonly used tribrach for the 
T-2E is the GDF-22.  This is also the tribrach used with 
the Target Set.  (See Figure 7-1.)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-1 GDF-22 Tribrach 

The GDF-22 will mount on all tripods with a standard 
5/8 inch fixing screw.  It has three leveling knobs, a 
fish-eye level, and an optical plummet.  It also has a 
swivel-locking knob used to attach the Lower Part to 
the tribrach. 
 
b.  Lower Part.  The Lower Part of the theodolite 
contains the centering flange, which 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 main purpose of the Lower Part is to provide a 
fixed rotational axis around the standing axis system for 
the alidade.  The standing axis system consists of the 
axis sleeve, which is rigidly connected to the centering 
flange and the axis stem, which is screwed fast to the 
alidade. 
 
c.  Alidade.  The alidade is the upper part of the 
theodolite, which contains the telescope, reading 
microscope, and the majority of the T-2E operator 
controls.  The operator controls are as follows: 
 
    1.  Horizontal Locking Clamp:  fixes the alidade to 
the lower part so that the alidade cannot be rotated 
except by the Horizontal Drive Screw.     
 
    2.  Horizontal Drive Screw:  rotates the alidade for 
fine adjustments in pointing. 
 
    3.  Vertical Locking Clamp:  fixes the tilting axis of 
the telescope so that it cannot be rotated except by the 
Vertical Drive Screw. 
 
    4.  Vertical Drive Screw:  rotates the tilting axis of 
the telescope for fine adjustments in pointing. 
 
 
 

CHAPTER 7 

CONVENTIONAL EQUIPMENT 
 

   Marine Surveyors have many assets at their disposal for the completion of their mission.  
From high tech GPS systems to low-tech 30-meter steel tapes, the surveyor must maintain a 
certain level of proficiency with all his equipment.  This chapter discusses the surveyor’s 
conventional assets: the T-2E, DI-3000, and Precise Target Set. 
 

Section I 
T-2E Theodolite 
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Figure 7-2 T-2E Components 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    5.  Circle Selector Knob:  allows the operator to 
change his view from the horizontal circle to the 
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vertical circle. 
 
    6.  Micrometer Knob:  used to bring the horizontal 
and vertical scales into coincidence. 
 
    7.  Automatic Index Button:  pressing this button 
checks the functioning of the automatic index.  This 
check ensures that any residual error in leveling will be 
eliminated. 
 
7-3 Telescope  
 
a.  The telescope of the T-2E provides an erect 
(upright) view of the target.  Rotating the eyepiece 
focuses the reticle pattern; rotating the silver focusing 
sleeve focuses the target.    The reticle pattern is a 1 to 
100-scale stadia pattern for optical distance 
measurements.  (See Figures 7-4 and 7-5.)   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-4   T-2E Focusing Sleeve and Eyepiece 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-5   T-2E Reticle Pattern 
b.  The eyepiece can be removed by rotating the 
bayonet ring counter-clockwise so that another eyepiece 
can be installed.  The standard T-2E eyepiece has a 30X 

lens.  Optional eyepieces include the 40X FOK53 and 
the 18X FOK 117.  
      
c.  When using artificial illumination, the lever under 
the optical sight can be pushed toward the objective 
lens (front) to illuminate the reticle.   
 
7-4 T-2E Accessories 
 
a.  The accessories for the T-2E are carried and stored 
in the plastic transportation case for the theodolite.  The 
accessories include the following: 
 

5. User Manual 
6. Eyepiece Assembly: consisting of a carrying 

case 
7. a GMZ2 elbow microscope, and a GFZ1 elbow  
 telescope.   
8. GOF4 black sun filter. 
9. Jeweler’s screwdriver: with two adjusting pins 
 and two standard screwdriver blades.  
10. Plastic Wet Weather instrument cover. 
11. GSP-1 Roelofs Prism, w/ case. 
12. Illumination Kit consisting of two GEB-58 

plug-in lamps, one GEV-34 cable, and one 
GEB-63 battery box.  

 
7-5 Setting Up the Tripod GST-20 
 
    The GST-20 Tripod is the primary tripod used with 
conventional survey equipment in the Marine Corps.  
Set up the tripod as discussed below. 
 
    1.  Upend the tripod, place the tripod head on the toe 
of your boot, and unbuckle the restraining strap. 
  
   2.  Loosen the leg clamp thumbscrews and extend the 
tripod legs to the desired length.  Tighten the leg clamp 
thumbscrews sufficiently to maintain the weight of a T-
2E and DI-3000.  Do not force the thumbscrews. 
 
    3.  Spread the legs and place the tripod over the 
occupied station with one leg bisecting the angle(s) 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. 
 
    4.  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 1" of plumb. 
     
   5.  Firmly embed the tripod legs in the ground.  The 
plumb bob should now be within 0.5 inches laterally of 
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center of the station.  The tripod head must approximate 
level once the legs are embedded in the ground. 
 
    6.  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. 
 
7-6 Mount the T-2E on the Tripod 
 
    Mount the T-2E onto the tripod as discussed below: 
 
    1.  Open the theodolite's transportation case. 
 
    2.  Grasp the theodolite by the right standard (the 
right standard will be facing up in the transportation 
case) and lift the theodolite from the transportation 
case.  Place the free hand underneath the tribrach.  The 
operator will maintain a hold on the instrument with 
at least one hand until the T-2E is securely tightened 
to the tripod.    
 
    3.  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. 
 
    4.  Replace the cover on the transportation case to 
keep dust and moisture from entering the case.  Move 
the case away from the tripod to provide a working area 
for the instrument operator. 
 
7-7 Plumb and Level the T-2E 
 
    Plumb and level the T-2E as discussed below: 
 
    1.  Loosen the fixing screw slightly and carefully 
slide the instrument on the tripod head to center the 
point of the plumb bob exactly over the station. 
 
    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. 
 
    3.  Loosen the horizontal clamping screw, and 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 simultaneously 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 7-6.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-6   1st and 3rd Leveling Position 
  
    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 7-7.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-7   2nd and 4th Leveling Position 
 
    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 as were used in the 
first position.  This is the third position. 
   
     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 that was 
used in the second position, this is the fourth position. 
    



DRAFT 

 

    7.  Repeat Steps 5 and 6 above until the bubble 
remains centered in both positions. 
 
    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 
6,400 mils.  If the bubble remains centered the 
instrument is level. 
 
    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 
vial level should be adjusted using the procedures 
outlined in paragraph 7-17 of this chapter. 
 
    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.  If necessary, repeat the 
leveling process, and again check the optical plumb.  
Repeat this process until the instrument is both 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.  See 
paragraph 7-19 of this chapter for procedures for testing 
and adjusting the optical plumb. 
 
7-8 Eliminating Parallax and Adjusting 
Focus  
 
a.  Before using the theodolite to measure angles, the 
reticle parallax must be eliminated and the telescope 
brought into focus.  Eliminate parallax by bringing the 
focus of the eyepiece and the focus of the objective lens 
to the plane of the reticle (cross lines).  To do this, 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.  When doing 
this, focus your eyes on the crosshairs and not on the 
sky.  Next, point the telescope toward a well-defined 
distant point.  While focusing on the crosshairs, bring 
the distant point into a clear, sharp image by rotating the 
focusing sleeve on the telescope. 
 
b.  To check for parallax, use the horizontal drive screw 
to center the vertical crosshair on the point.  Move your 
eye horizontally back and forth across the eyepiece; if 
parallax is eliminated, the crosshair will remain fixed on 
the object as you move your eye.  If parallax is not 

eliminated, the crosshair 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 cross lines into sharper focus and refocus the 
telescope accordingly until there is no apparent motion. 
 
7-9 Pointing with the T-2E 
 
a.  Once the parallax has been eliminated and the 
instrument is in focus, the instrument operator is ready 
to make pointing on targets.  These procedures are the 
same for all pointings; however, the placement of the 
crosshairs is dependent on the type of target. 
 
    1.  Range Pole.  For pointing on a range pole, the 
standard rule is to make the pointing centered on the 
lowest visible point.  In cases where 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 7-8.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-8   Pointing on a Range Pole   
 
    2.  Target Plate.  When making pointing on the 
target plate (GZT1) of a target set, the instrument 
operator should center the crosshairs so that the vertical 
line is centered up and down in the thin white extension 
of the small triangles and the horizontal line is centered 
left and right in the thin extension of the large white 
triangle.  (See Figure 7-9.)   
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Figure 7-9   Pointing on a Tgt Plate (GZT1) 
  
   3.  Target Reflector.  For pointing to a target 
reflector (GRZ3) with either a single or triple prism 
holder (GPH1Z or GPH3Z) the instrument operator 
should center the crosshair 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 to ensure an accurate 
sighting.  (See Figure 7-10.) 
 
    4.  Eleven Prism Holder (GPH11).  When making 
pointing to an eleven-prism holder, the instrument 
operator should center the crosshairs on the center 
prism.  Since this prism configuration is not to be used 
for distances under 500 meters, parallelism with the 
DI3000 (see section 2) is not affected.  If the target 
lamp (GEB72) is being used, it should be placed in the 
center portal and will be used to make pointings.  (See 
Figure 7-11.) 
 
b.  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.  Using the horizontal and vertical drive 
screws, center the cross lines on the target as described 
in paragraph 7-9a above.  The last turn of the 
horizontal and vertical drive screws should always 
be clockwise; against the spring. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-10 Pointing on a Tgt Reflector   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-11 Pointing on an Eleven-Prism Holder 
 
 
7-10 Reading The Scales 
 
a.  A system of lenses and prisms permits the observer 
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 7-12.)   
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Figure 8-12 View of the T-2E Scales 
 
    1.  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.  The two images 
move in opposite directions and appear to be separated 
by a fine line.  The interval between graduations on 
each circle is 2 mils; however, coincidence between the 
circles occurs every 1 mil. 
 
    2.  Central Window.  The central window has two 
scales: the main scale and the base scale.  The Main 
Scale is located 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; and 
6390 mils as 639.  Each three-digit number is centered 
above a triangular index, which is used to read the base 
scale.  The Base Scale is located 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. 
 
   3.  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. 
 
b.  Coincidence.  Optical coincidence is obtained by 
aligning diametrically opposite graduations of a circle 
by turning the micrometer knob.  The 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 7-13.) 
 The following procedures are used to bring the scales 
into coincidence: 
 
    1.  Rotate the micrometer knob forward (clockwise), 
then back (counter-clockwise) through its complete 
range of motion.  Looking into the microscope, view 
only the upper window. 

 
    2.  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.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-13   Sample Circle Reading 
 
c.  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.  The procedures for reading the scales are the 
same for both horizontal and vertical readings.  The 
following procedures for reading the scales use Figure 
7-13 as an example. 
 
    1.    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 7-13 shows 481 from the main scale and 
2 from the base scale.   
 
    2.  Viewing the bottom window, read the two digits 
directly to the left of the index line.  Then 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 8-13 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. 
 
    3.  The circle reading should be announced in 
individual digits to ensure proper-r recording; in other 
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words, the reading from Figure 7-13 will be announced 
as "four, eight, one, two, point, one, five, six."     
 
7-11 Setting the Horizontal Circle 
 
    The horizontal circle of the T-2E cannot be fixed; 
therefore, prior to setting the circle, a pointing at a 
target must be made and the horizontal clamp locked.  
Generally, there are two situations which would require 
the instrument operator to set the horizontal circle; 
establishing an initial circle setting and orienting the 
telescope along a line of known azimuth. 
 
a.  Initial Circle Setting.  An initial circle setting is 
used during the process of measuring a horizontal angle.  
It provides a buffer for both operator pointing errors 
and horizontal collimation error.  An initial circle 
setting is established on the horizontal circle by 
performing the following steps: 
 
    1.  Make a pointing on the rear station.  Ensure the 
circle-selector knob is set for the horizontal circle.  
 
    2.  Using the micrometer knob, set 0.150 mils on the 
micrometer scale (bottom window). 
 
    3.  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. 
 
    4.  Using the circle setting knob, bring the upper 
window into coincidence, ensure that the reading in the 
central window is still 0 mils.  Close the cap over the 
circle setting knob. 
 
    5.  Rotate the micrometer knob forward (clockwise), 
and then back (counter-clockwise) through its complete 
range of motion.  Looking into the microscope, view 
only the upper window. 
 
    6.  Using the micrometer knob, bring the upper 
window into coincidence. 
 
    7.  Read the horizontal circle.  The reading should be 
within ±0.100 mils of 0.150. 
 
b.  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.  With this 
method, the azimuth to any point on which the telescope 
is oriented can be read directly from the horizontal 
circle.  The following procedures can be used to orient 
the horizontal circle: 
 

    1.  Make a pointing on the station that lies along the 
known azimuth.  Ensure the circle-selector knob is set 
for the horizontal circle. 
 
    2.  Using the micrometer knob, 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. 
 
    3.  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 ones value 
on the base scale.  Again, if the known azimuth is 
2176.987 mils; the operator will place the triangular 
index under 217 in the main scale over the 6 in the base 
scale. 
 
    4.  Using the circle setting knob, bring the upper 
window into coincidence, ensure that the reading in the 
central and bottom windows is still equal to the known 
azimuth.  Close the cap over the circle setting knob. 
 
7-12 Horizontal Angles 
 
a.  Position Angle.  The horizontal circle of the T-2E is 
a clockwise scale; therefore, 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 should be rotated 
clockwise in the direct mode and counter-clockwise in 
the reverse mode.  The procedures for measuring a 
horizontal angle are discussed below. 
 
    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.  When the recorder reads 
this back the operator must be looking into the 
microscope to verify the reading. 
   
   2.  Rotate the alidade clockwise to the forward station.  
Make a pointing at the forward station and 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. 
   
   3.  Plunge the telescope to the reverse mode and make 
a pointing at the forward station.  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.  
 
    4.  With the telescope in the reverse mode, rotate the 
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alidade counter-clockwise to the rear station.  Make a 
pointing at the rear station and announce the reading to 
the recorder.  When the recorder reads this back the 
operator must be looking into the microscope to verify 
the reading. 
 
    5.  Steps 1 through 4 above constitute one direct and 
one reverse pointing on each station; this is referred to 
as a one-position angle. 
 
b.  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; 
starting with the last forward station and ending with the 
rear station.  One set of direct and reverse pointings on 
all of the observed stations constitutes one position.  
This procedure is called measuring a multiple angle.  
 
c.  Circle Closure.  The direct and reverse circle 
readings at each station should differ by 3200 mils, ± 
0.150 mils.   
 
    1.  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.  Procedures for adjusting this error are 
discussed in paragraph 7-20. 
 
    2.  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.    
 
d.  Two-Position Angle.  In artillery survey, one-
position angles are normally measured.  It may be 
become necessary to measure a two-position angle.   
 
    1.  This method measures the same angle twice and 
uses the mean of the two measurements.  The first 
position angle is measured as described in paragraph 7-
13a.  The second position angle is measured in the same 
manner except that the initial pointing at the rear station 
is performed in the reverse mode and the horizontal 
circle is set to 4800.150 mils, ± 0.100, for an initial 
circle setting.  
 
    2.  When two positions angles are observed, the two 
measured angles cannot differ by more than 0.050 mils. 
If they do differ by more than 0.050 mils, the angles 
must be rejected and remeasured. 

 
7-13 Vertical Angles 
 
a.  General.  The T-2E does not measure vertical 
angles directly.  The vertical circle places 0 mils at the 
zenith; therefore, the vertical circle readings are zenith 
angles, or in artillery, vertical readings.  (See Figure 7-
14.)   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-14   Vertical Readings/Angles 
 
    1.  To convert a vertical reading to a vertical angle, 
the recorder must determine the angular difference 
between the horizon and the line of sight.  The horizon 
being 1600 mils in the direct mode and 4800 mils in the 
reverse mode; the line of sight being the vertical reading 
(zenith angle).   
 
    2.  The vertical angle is considered positive if the line 
of sight is above the horizon (vertical readings less than 
1600 mils and greater than 4800 mils).  It is considered 
negative when the line of sight is below the horizon 
(vertical readings greater than 1600 mils and less than 
4800 mils). 
 
b.  Vertical Index.  The T-2E has an automatic vertical 
index.  The functioning of the automatic index is 
checked as part of each vertical reading.  To check the 
automatic index, press the black index button located on 
the left standard.  The operator must press and 
release the button; holding it in will eventually 
compress the spring and cause the automatic index 
to malfunction.  When the operator presses the index 
button, he must be viewing the upper window in the 
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 automatic 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 releveled or turned in 
for maintenance. 
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c.  Determining Vertical Readings.  To determine 
vertical readings perform the following steps: 
 
    1.  Make a pointing on the target in the direct mode.  
Set the circle-selector knob for the vertical circle. 
 
    2.  While viewing the upper window in the 
microscope, press the index button to check the 
automatic index. 
 
    3.  Viewing only the upper window, bring the scale 
into coincidence using the micrometer knob. 
 
    4.  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. 
 
    5.   Plunge the telescope to the reverse mode and 
make a pointing at the target.  
 
    6.  While viewing the upper window in the 
microscope, press the index button to check the 
automatic index. 
 
    7.  Viewing only the upper window, bring the scale 
into coincidence using the micrometer knob. 
 
    8.  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. 
 
d.  The procedures described above are the same 
whether the pointing is made to a forward station or to a 
rear station. 
 
e.  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. 
 
f.  If the difference between direct and reverse readings 
is constant over several pointings, it can be assumed 
that the error is in the vertical collimation of the 
instrument.  Procedures for adjusting this error are 
discussed in paragraph 7-21.  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. 
 
7-14 Reciprocal Vertical Angles 
 
a.  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. 
 
b.  The purpose of measuring a reciprocal vertical angle 
is to diminish the effects of refraction and earth 
curvature. 
 
    1.  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.  It is 
preferable to measure the reciprocal vertical angles 
through similar atmospheric conditions; therefore, the 
time span between measuring reciprocal vertical angles 
should be as short as possible. 
 
    2.  The effects of curvature of the earth are minimal 
at distances less than 1000 meters and corrections are 
not used in manual computations.  Reciprocal vertical 
angles completely negate the effects of Earth curvature.  
For this reason, it is a requirement to measure reciprocal 
vertical angles for all legs of a survey longer than 1000 
meters in both fourth and fifth order surveys.   
 
c.  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.               
 
7-15 Observation and Tracking Procedures 
         for Sun and Stars (Arty Astro) 
 
a.  General.  While tracking procedures are virtually 
the same for the Sun and Star methods, observation 
is slightly different.  Tracking a star is much more 
accurate than tracking the Sun due to the enormous 
distances involved.  Stars appear as pinpricks of light 
even through the telescope, and offer a more defined 
target than the large fiery mass of the Sun. 
 
b.  Observation for Stars.  When observing a star to 
determine astronomic azimuth the most difficult part is 
locating the desired celestial body.  Choosing an 
appropriate star for your situation is discussed in 
Chapter 8.  The theodolite is set up as described 
previously, and the instrument operator, with the 
telescope in the direct position, sights in on the azimuth 
mark to which direction is desired. The initial circle 
setting is placed on the scales, and recorded in the 
recorder’s book.  The instrument operator then turns to 
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the constellation containing the desired star, and locates 
the star in the telescope.  It is important to observe the 
movement of the star momentarily to determine its path 
in the telescope.  Once the stars direction and rate of 
movement are determined tracking may begin.  The 
instrument operator will announce “Tracking”.  The 
recorder begins keeping time while the instrument 
operator repeatedly announces “tacking” until he has 
the celestial body centered in the crosshairs of the 
telescope, at which time he announces “TIP” (meaning 
Target In Position.)   Immediately at TIP, the recorder 
must note and record the time of observation.  The 
instrument operator then reads the horizontal circle 
reading to the recorder, who reads it back.  Three direct 
readings are taken in this manner, and only then, after 
the third direct reading, will the instrument operator 
plunge the scope and take three reverse readings using 
the same procedures, as required.  
 
c. Observation for Sun.  When observing the Sun to 
determine azimuth the theodolite is set up as described 
previously, and the instrument operator, with the 
telescope in the direct position, sights in on the azimuth 
mark to which direction is desired. The initial circle 
setting is placed on the scales, and recorded in the 
recorder’s book.  The instrument operator then places 
the Sun filter on the telescope and turns to the Sun.  The 
Sun must never be viewed through the telescope 
without a Sun filter.  The filter should be inspected 
before use to ensure that the coated surface is free 
from any scratches or other defects. Serious eye 
damage will result if proper precautions are not 
taken.  The Sun should also be observed momentarily 
to determine its path and rate of movement before 
tracking is announced.  The preferred position of the 
Sun in the telescope is centered in the solar circle, as 
opposed to using the leading or trailing edge of the Sun. 
The instrument operator will announce “Tracking” 
repeatedly until the moment the Sun appears to be in the 
center of the reticle, at which time he will announce 
“TIP”.  The time is immediately noted and recorded in 
the recorder’s book.  The instrument operator then reads 
the horizontal circle reading to the recorder, who reads 
it back.  Three direct readings are taken in this manner, 
and only then, after the third direct reading, will the 
instrument operator plunge the scope and take three 
reverse readings using the same procedures, if required.  
 
d. Direct and Reverse readings.  When determining 
azimuth by the Arty Astro method Reverse readings are 
required for fourth order azimuths only.  Bearing this in 
mind, three direct readings may be taken consecutively, 
and as stated above, the telescope is plunged and the 
three reverse readings are taken.  

 
e.  Recording and Meaning Astronomic    
Observations. 
    The methods for recording and meaning astronomic 
observations are covered in Chapter 8. 
    
7-16 March Order the T-2E 
 
    The procedure for march ordering the T-2E 
theodolite is discussed below. 
 
    1.  Open the transportation case and place it near the 
tripod. 
 
    2.  Place the black cap over the objective lens of the 
telescope.  Place the telescope in a vertical position with 
the objective lens down, and lock the vertical clamp. 
 
    3.  Replace any parts of the T-2E that were taken off 
during operation (e.g., mirrors, carrying handle). 
 
    4.  Ensure the mirrors and circle-setting knob cover 
are closed. 
 
    5.  Center the leveling screws on the triibrach. 
 
    6.  Rotate the alidade so that the red line on the right 
standard is aligned with the red line on the Lower Part.  
Lock the horizontal clamp. 
 
    7.  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.   
 
    8.  Replace the tripod head cover, collapse the tripod 
legs, and strap the legs together.  Make sure the legs are 
securely tightened. 
 
7-17 Tests and Adjustments  
 
a.  The T-2E theodolite must be kept in correct 
adjustment if accurate results are to be obtained.  There 
are five operator tests and adjustments of the T-2E 
theodolite.  When a test indicates that an adjustment is 
necessary, the operator makes the adjustment and retests 
the instrument for accuracy before making the next test 
in sequence.  The instrument operator must make these 
tests and adjustments in the following sequence:    
                           1.  Plate Level 
 
          2.  Circular Bubble  
 
      3.  Optical Plumb 
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      4.  Horizontal Collimation 
 

5. Vertical Index 
 

b.  The five operator tests and adjustments of the 
theodolite are made with the instrument mounted on its 
tripod.  The instrument is set up in the shade, on firm 
ground, with the head of the tripod as level as possible.  
The theodolite should be protected from the wind. 
 
7-18 Plate Level Test and Adjustment 
 
a.  Purpose.  The purpose of the plate level adjustment 
is to align the vertical axis of the theodolite to a line, 
which is perpendicular to the geoid when the bubble of 
the plate level is centered in its vial. 
 
b.  Test.  The test for the T-2E plate level is the same as 
the leveling procedures described in paragraph 7-7.   
 
c.  Adjustment.   
 
    Adjust the T-2E plate level as described below: 
 
    1.  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. 
 
    2.  Rotate the alidade clockwise through 1600 mils 
and center the bubble with the third leveling screw. 
 
    3.  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. 
 
    4.  Using an adjusting pin provided in the jeweler's 
screwdriver, carefully turn the adjustment screw until 
the bubble is centered.  The adjustment screw is located 
inside a small aperture at the bottom of the left standard. 
(See Figure 7-15.) 
 
     
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 7-15 Plate Level Adjustment Pin 
   
   5.  Repeat these steps until the bubble remains 
centered within one graduation for all positions of the 
alidade. 
 
7-19 Circular Bubble Test and Adjustment 
 
a.  Purpose.  The purpose of the circular bubble 
adjustment is to ensure that the vertical axis of the 
tribrach is aligned 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.   
 
b.  Test.    The test for the tribrach circular bubble is 
simply to level the T-2E plate level to within one 
graduation of center.  The circular bubble must then be 
centered or it must be adjusted. 
 
c.  Adjustment.  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.  
Adjust the circular bubble as described below:  (See 
Figure 7-16.)  
 
 
 
 
 
 
 
 
 
 
 
Figure 7-16 Circular Bubble Adjustment 
 
    1.  Using an adjusting pin provided in the jeweler's 
screwdriver, 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.   
 
    2.  Turn the other screw until the bubble is centered 
in the circle.   
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    3.  Repeat if necessary.  Do not turn the screws 
anymore than is necessary for the adjustment. 
 
7-20 Optical Plumb Test and Adjustment 
 
a.  Purpose.  The purpose of the optical plumb 
adjustment is to make the vertical axis of the GDF22 
tribrach pass through the station mark when the 
theodolite (or target carrier) is properly leveled and 
plumbed. 
 
b.  Test.  The test for the optical plumb requires that a 
theodolite or a target carrier be mounted in the GDF22 
tribrach.  This is because 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.  Use the following steps to 
test the optical plumb:   
 
    1.  Set up and fine level the theodolite on a level 
tripod.  Attach a plumb bob to the fixing screw.     
 
    2.  Place a piece of paper or tape on the ground under 
the plumb bob.  Using a fine tip pen, 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. 
 
    3.  Remove the plumb bob.  The tribrach should be 
optically plumbed over the mark located in the center of 
the plumb bob marks; if not, the optical plumb needs to 
be adjusted.    
 
c.  Adjustment.  The optical plumb has two adjusting 
screws located on the optical plumb arm under the 
tribrach.  Both screws must be turned simultaneously in 
the directions indicated in Figure 7-17.  To adjust the 
optical plumb, follow the procedures below: 
 
    1.  Look through the optical plumb. 
 
    2.  Using two jeweler's screwdrivers turn the 
adjustment screws in the direction indicated in figure  
7-17, in small increments, until the optical plumb is 
centered over the mark.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 7-17 Optical Plumb Adjustment Screws 
 
7-21 Horizontal Collimation Test And 
Adjustment 
 
a.  Purpose.  The purpose of the horizontal collimation 
adjustment is to make the line of sight perpendicular to 
the tilting axis of the telescope. 
 
b.  Test.  Test the horizontal collimation as described 
below. 
    1.  Select a well-defined point at least 100 meters 
from and at about the same elevation as the instrument. 
 
    2.  With the telescope in the direct position, center 
the vertical crosshair on the target and read the 
horizontal circle reading to the recorder.  For example, 
assume your direct reading is 0000.202 mils. 
 
    3.  Plunge the telescope to the reverse position and 
take a reverse reading to the same point.  For example, 
assume the reverse reading is 3,200.802 mils. 
 
    4.  The difference between the direct and reverse 
readings should be exactly 3,200 mils.  Assuming no 
operator error is present the discrepancy between the 
actual difference in the two readings and 3,200 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. 
 
c.  Adjustment.  The horizontal collimation is adjusted 
as small as possible at the factory but cannot be 
completely eliminated by adjustment.   
 
The error is; however, completely eliminated by 
meaning the observations on a point with the telescope 
in both the direct and reverse positions.  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 too tight, the instrument will not maintain the 
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adjustment.  Adjust the horizontal collimation error as 
discussed below: 
 
    1.  With the telescope on the point in the reverse 
position, set the mean value of the direct and reverse 
pointing (from example = 3200.502) on the micrometer 
scale by using the coincidence knob. 
 
    2.  Bring the main scale into coincidence by using the 
horizontal tangent screw.  This moves the vertical cross 
line of the telescope off the point by the amount of the 
actual horizontal collimation error. 
 
    3.  Using the adjusting pins in the jewelers 
screwdriver, the operator must align the vertical cross 
line 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 
crosshair, loosen one screw and tighten the opposite one 
an equal amount.  The crosshair 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 crosshair is aligned on the station.  
Ensure that the capstan screws are rotated equal 
amounts; otherwise the reticle will be either too 
loose or too tight and will not remain in adjustment.  
(See Figure 7-18.) 
 
   . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-18 Capstan Adjustment Screws 
4.  Perform the horizontal collimation test again; make 
additional adjustments as necessary until the difference 
between the direct and reverse pointing is less than 
0.150 mils 
 
7-22 Vertical Collimation (Index Error) 
Test And Adjustment  

 
a.  Purpose.  The purpose of the vertical collimation 
adjustment is to make 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. 
 
b.  Test.  To test for index error, perform the following 
steps: 
 
    1.  Select a well-defined point at least 100 meters 
from the instrument at approximately the same 
elevation. 
 
    2.  With the telescope in the direct position, give the 
recorder a direct vertical circle reading to the point. 
   
    3.  Plunge the telescope to the reverse position and 
give the recorder a reverse vertical circle reading to the 
same point. 
     
   4.  The sum of the direct and reverse readings should 
equal 6400 mils. Any difference between the sum of the 
two readings and 6,400 mils is the apparent vertical 
collimation error, or twice the actual error. If the 
difference exceeds 0.150 mils the vertical index should 
be adjusted. 
 
c.  Adjustment.  The index error is adjusted as small as 
possible at the factory but cannot be completely 
eliminated by adjustment.  Meaning the observations on 
a point with the telescope in both the direct and reverse 
positions eliminates the error.  For this reason, 
adjustments of the horizontal collimation should only be 
made when absolutely necessary.  Adjust the index error 
as discussed below: 
 
    1.  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.  To determine the 
corrected reading, see the examples in Figure 7-19.  
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Figure 7-19 Computing the Corrected Reading 
 
    2.  Using the wide tip in the jeweler's screwdriver, 
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.  
(See Figure 7-20.) 
 
    3.    Perform the test again and make additional 
adjustments as necessary until the sum of the direct and 
reverse pointing is within 0.150 mils of 6400. 
 
7-23 Artificial Illumination 
 
a.  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.  
Both the horizontal and vertical circle can be 
illuminated as well as the reticle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-20 Index Cover and Adjustment Screw 
b.  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. GEB70 battery, 12v vehicle power).  
The other two holes are for instrument illumination.  
The battery box also has an ON/OFF switch located on 
its side.   (See Figure 7-21.) 
 
c.  The illumination kit is powered primarily by a 9v 
battery.  Under normal conditions a new 9v battery will 
last up to 20 hours.  The ON/OFF switch should be 
placed in the OFF position when power is not needed to 
prevent undue discharge and increase battery life.  The 
9v battery should be removed for storage.  A cable is 
available to provide external power from a GEB-70 
NiCad battery. 
 
d.  Two GEB-58 plug-in lamps are used to supply the 
illumination.  These lamps plug in to the mirror sockets 
when the mirrors are removed.  Each GEB-58 lamp has 
a rheostat knob, which can be rotated to adjust the 
illumination brightness.  They also contain high- 
performance light emitting diodes (LED), which ensure 
a uniform illumination of the circles and the field of 
view. 
 
e.  The illumination kit is attached in the following 
manner (see Figure 7-22): 
 
    1.  Prior to leveling the T-2E, remove the mirrors and 
plug in the GEB-58 lamps.  The mirrors should be 
placed in the T-2E transportation case until replaced on 
the theodolite.  Hang the battery box on a tripod leg. 
 
    2.  One end of the GEV-34 cable is then plugged into 
the coaxial socket on the Lower Part; the other end is 
plugged into one of the two small socket holes at the 
bottom of the battery box.  Both ends of the cable are 
the same. 
  
    3.  Attach external power if necessary. 
 
    4.  Place the ON/OFF switch in the ON position. 
 
    5.  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 6399.424
  
Apparent Error: +0.527 -0.576 
 
Actual Error: +0.264 -0.288 
 
Correction: -0.264 +0.288 
 
Corrected Reading: 4790.451 4801.496 
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Figure 7-21 GEB 63 with Accessories 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-22 T-2E with Artificial Illumination 
 
7-24 Care Of the T-2E 
 
a.  Cleaning. 
 
    1.  Clean all lenses, mirrors, and bubbles with lens 
paper.  Do not touch the lenses with your fingers. 
     
    2.  Wipe all paintwork with a dry, lint-free cloth.  If 
necessary, moisten the cloth with ether or alcohol; never 
use oil, benzene, or water. 
 
    3.  Carefully wipe a wet instrument with a lint-free 
cloth.  Let a wet instrument dry completely before 
returning it to the case.  Never store a wet instrument in 

its case. 
 
    4.  Keep the case clean inside and out.  The foam 
rubber inserts are removable for cleaning. 
 
b.  Temperature Equilibrium.  When a large 
temperature difference exists between outside and 
storage temperatures, time must be allowed 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 
needed 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 5 minutes should be allowed. 
 
c.  Storage and Transport.  
 
    1.  The transportation case should not be used for 
storage of the T-2E.  The theodolite should be stored 
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.  The instrument should be stored in an 
area as close to outside temperatures as possible to 
decrease the effects of steaming of the optics and 
condensation inside the T-2E.  A dehumidifier should 
be used in humid climates.         
 
    2.  The T-2E is shipped and transported in the foam 
rubber padded transportation cases. 
 
d.  Adjustments and Calibration.  
 
    1.  Test the T-2E on a regular basis.  Adjustments 
should only be performed when actually necessary.  A 
Test and Adjustment log is suggested to be maintained 
with the equipment records. 
 
    2.  Calibration and repair for the T-2E theodolite will 
be conducted through the Survey Instrument Calibration 
Program (SICP).  


	Figure 7-16 Circular Bubble Adjustment

