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The telescope incorporates the annalactic optical system which assures a straight line of sight at all time.
The focussing marks on the focussing knob clearly show the rotating direction and distances, These marks
facilitate focussing,

Simultaneous reciprocal clockwise and counter-clockwise reading of horizontal circle eliminates troublesome cal-
culation and error.

No more counting of horizontal graduation lines, Direct reading of horizontal circle in figures can be made
down to 20 seconds. Estimation can be made down to 5 seconds.

Readings of horizontal cir-
cle can be made with the
aid of microscope along-
side the telescope without
changing the posture of
sighting an object through
the telescope,.

Optical system is designed Q o owew
so that the minutes and
seconds obtained are the

mean of the readings two

diameteric sides of the circle to eliminate errors of circle eccentricity.

The combination of shifting mechanism for centering and optical plummet provides the fastest and most ac-
curate means for setting up over a given point,

The vertical graduated circle is a 0—90° compass scale. When the line of sight of telescope is horizontal, the
reading is 0. Direct vertical angle measurement without calculation.

COUNTER-CLOCKWISE READING
Numbers for single minutes &

full 20 seconds.

Number for full degrecs.

Number for full 10 minutes.

CLOCKWISE READING
Number for full degrees.

O 50 0100
| Y B |
—=+ Number for full 10 minutes,

_ Numbers for single minutes &
full 20 zeconds.

The collimator on telescope aids preliminary sighting of a point.

* Since the vertical axis is an independent type double axis, high precision angle measurement by repetition is

»*

possible.
A lighting device, long elbow eyepiece and prism refconverter are available as optional accessories,
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Objective lens

Reticle illumination knob
Plate level A
Horizontal circle rotation
ring

Lower clamp screw
Centering clamp lever

10.
11.
12.

Vertical circle reading
magnifier

Compass clamp screw
Plate level B

Circle reflector
Lower tangent screw

Leveling screw

Lo S

Collimator
Focussing knoh
Telescope eyepiece

Horizontal circle reading
magnifier
Compass
Optical plummet eyepiece

13.

Upper clamp screw
Telescope spirit level
Telescope clamp screw
Telescope tangent screw
Optical micro-meter knob
Upper tangent screw
Bottom plate




- SPECIFICATION 2

TELESCOPE OPTICAL PLUMMET EYEPIECE
Type Internal focussing anallactic optics Image Erect
Coated lenges are used Magnification power 2%
Image Erect Field of view at helght of 1.4m  150mm ¢
Magnitication power 28 %
Effectlve aperture 40mm CENTERING DEVICE
Field of view 1° 20’ Type Adjustment by loosening centering
Minimum focus 15m clamp lever
Stadia Ratio 1:100; additional constant, 0  t2'8® of shifting 16mm ¢
COMPASS Built-in bar type (N-indicating type)

HORIZONTAL CIRCLE Needle, 50mm

Diameter 90mm
Braduation 1° TRIPOD 2 x 35mm threads
Graduation of microscale 207
DIMENSIONS
VERTICAL CIRCLE Instrument 262mm, X 176mm X 168mm
Diateoter 70mm Case 250mm ¥ 236mm X 346mm
Graduation 30’
Yernier Reads to 1’ WEIGHT
eaas to
Instrument 4.5 kg,
[H 1.9 kg.
SENSITIVITIES OF SPIRIT LEVELS ase £
Telescope spirit lovel 60” per Zmm ACCESSORIES Plastic case, objective lens cap, lens-

Plate level A 90” per 2mm hood, adjusting pins, screwdrivers,
Plate leve] B 60” per 2mm brush, plummet.
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Fig. 1

Stabilizing rod

Plummet hook

1. Installing Tripod

1. Use tripod for FM-1 & FG with tripod plate Z2mm X
35mm threads.

2. Fasten all three legs of the tripod securely with the
wing nuts.

3. First adjust the length of each leg and fasten the inter-
mediate wing nuts tightly. Open out the tripod legs and
stick them firmly into the ground. Make sure the tripod
plate is as level as possible and that its center is directly
over the station.

2. Attaching Theodolite
1. Set the theodolite on the tripod plate. Screw the stabiliz-
ing rod into the tripod screw on the theodolite and loosely
tighten,

INSTRUCTIONS

A - Plate level A
Tripod plate \/ ‘ )

Leveling screws

Fig. 2A

Preparation for Surveying

i

L

Leveling screws

. Plate level B

Fig. 2B

2. Pass the plummet hook through the center hole in the
stabilizing rod and hook it over the loop on the bottom
of the theodolite. Adjust the length of the string and
suspend the plummet.

3. Move the theodolite by pushing the bottom plate with
the fingertips. When the tip of the plummet coincides
with the station, tighten the stabilizing rod securely.

3. Leveling
1. Place the plate level A parallel with a line joining any
two of the leveling screws, Then, by adjusting the two
screws, position the bubble in the center of the level.
(see Fig. 2A).
(Turn each of the two leveling screws in differnt direc-
tions.)




2. Adjust the remaining leveling screw so that the other
bubble comes to the center of the plate level B. (see
Fig. 2B.)

3. Check that both bubbles are in the center of the plate
levels. If they are not, re-adjust the leveling screws as
explained in (1) and (2) above.

4. Rotate the theodolite 180° about its vertical axis and
check that the bubbles do not move from the center,
If the bubbles move from the center, the above adjust-
ment of the plate levels is necessary.

4. Centering
1. First remove the plummet or wind the string around the
tripod. Look through the optical plummet eyepiece and
rotate the eyepiece knob until the center marks can be

Optical plummet clearly seen.

. eyepiece i 2. Release the centering clamp lever by pushing it to the
right. Look through the optical plummet eyepiece and
push the upper plate with the fingertips until the center
marks are aligned with the station.

3. Fasten the clamp lever by pushing it firmly to the left,
80 that it securely locks the centering system.

4. Check that the bubbles are in the center of the plate levels,
If they are not, adjust with the leveling screws.

Fig. 3 Center mark
(small circle)

Center mark
(large circle)

Fig. 4 U at
er plate
pper p .Note

* When instrument height is 1.4m, the size of the center mark
large circle corresponds to 50mm ¢ and that of the small cir-
cle to 5mm ¢.

* Even if the bubbles are found to have moved by one gradua-
tion in (4) above, this represents a deviation in centering of
only 0.5mm at instrument height of 1.4m and has virtually
no effect on actual observations.

* The optical plummet is designed so as to focus on the station

Centering clamp
lever




at the normal instrument height of 1.4m, but the depth of
field makes focussing possible at instrument heights of from
0.9 to 3m.

* Before centering, first release the centering clamp lever and
position the lower tangent screw so that it can easily be op-
erated.

5. Centering on an Overhead Station

1.

Suspend the plummet from the overhead station. Set
up the tripod and theodolite beneath it and level the
instrument.

Turn the telescops upside down and set the reading on
the vertical circle to 0.

Release the centering clamp lever by pushing it to the
right. Push the upper plate with the fingertips until the
center mark on the reticle illumination knob coincides
with the tip of the plummet.

Fasten the clamp lever by pushing it firmly to the left.
Check that the bubbles are in the center of the plate
levels, If they are not, adjust with the leveling screws.

6. Leveling Adjustment
Where surveying of very high precision is required, adjust
leveling of the instrument as follows after centering.

1.

Place the plate level A parallel with a line joining any
two of the leveling screws. Then by adjusting the two
screws, position the bubble in the center of the level.
Rotate the instrument 90° about its vertical axis and
adjust the remaining leveling screw so that the bubble
comes to the center of the level again.

Again rotate the instrument 90° about its vertical axis
and repeat 1 and 2 so that the bubble do not move from
the center.

Plummet Reticle illumination knob

0:9)

Fig. 5

Center mark

Ilumination indicator

(B>



Cross line reticle
___——Vertical hairs (double)

Optical axis

Stadia hairs

-—=Vertical hair (single)

Horizontal hair

Fig. 6

1. Eyepiece Adjustment

1. Remove the telescope lens cap, and attach the lenshood,
if necessary.

2. Point the telescope at a bright, unmarked surface or
at the sky. Rotate the eyepiece knob to the left and
temporarily pull out the eyepiece.

3. Look through the eyepiece and rotate the eyepiece knob
to the right until the reticle appears at its maximum

sharpness.

Note

* Unless the eyepiece is adjusted accurately for the observer's
eyesight, and the objective is also accurately focussed, paral-
lax may impair the accuracy of the work.

SURVEYING

Collimator

Focussing mark

- Focussing knob

Fig, 7

2. Object Sighting

1. Point the telescope at the object using the collimator.
Tighten all clamp screws.

2. Rotate the focussing knob and set the focussing mark

corresponding to the object distance to the collimator.

3. Look through the eyepiece and finally adjust the focu-

sing knob until the object is perfectly focussed. If
focussing is correct, the object and the reticle should be
clearly observed even when you move your eyes left and
right when looking through the eyepiece. If they appear
to move, adjust the focus by rotating the eyepiece focus-
sing ring back and forth while making small adjustments
with the objective focussing pinion until all apparent
motion is eliminated.




Telescope level

4, Finally move the tangent screws and align the reticle
with the object.

Note

* The focussing marks comprise an infinity mark and three tri-
angular marks. The tip of each triangle shows the distance, Telescope tangent screw

smaller triangles indicating greater distance.

o0 Adm A\2m A\15m

* When focussing is made on an object with the tangent screw,
always focus by rotating the screw clockwise. To correct un-

Fig. 8

focus due to overshooting the screw, once return the screw
counter-clockwise to a larger extent and align the reticle with 3. Horizontal Sighting

the object by turning the screw clockwise. . . e e .
€ obl vt g the s wise When performing horizontal sighting in direct leveling and

* Even when not focussing for reading the vertical circle, focus in setting up horizontal surfaces, first level the instrument,
the object around the optical axis. For focussing a bigger then center the telescope bubble with the telescope tan-
object, align it between the double vertical hairs. (Fig. 6) gent screw.

* The clamp and tangent screws for the operation 1 and 4, use # Whenever the telescope is rotated for sighting a new ob-
the lower clamp and lower tangent screws for focussing of ject, be sure that the bubble is in the center of the tele-
the first object, and use upper clamp and upper tangent screws scope level. If it is not in the center, center it with the
for focussing of other objects than the first. telescope tangent screw.
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Fig. 9
4. Setting Up Straight Lines
A line joining points collimated to an object, near or distant, ment about its vertical axis and sight the point A again.
is a straight line. This fact is applied to setting up of straight Tighten the upper clamp screw.

lines. Setting up a point C on the straight line A and B
is carried out as follows. 4. Loosen the telescope clamp screw and reverse the tele-
scope on its elevation axis again. Set a point on the
1. Set up the instrument at the point B on the straight line of sight and call it point Cs.
line and level it. Then, collimate the point A,
5. Set the point C in the center of line C; and Cs. This

) is the requested point C that is on the straight line A
scope on its elevation axis. Set a point on the line of and B

sight and call it point C;. Tighten the telescope clamp

2. Loosen the telescope clamp screw and reverse the tele-

* For the extension of the straight line for a long distance,
separate distances AB and BC so as to be 100m each,

BCTew.

3. Loosen the upper clamp screw and rotate the instru- and repeat the above instruction.




5. Setting Up Vertical Planes

When the instrument is leveled and the telescope rotated

about its horizontal axis, the line of sight generates a verti-

cal plane, and a vertical plane can thus be set up, Setting

up the point B on the perpendicular at the point A is car-

ried out as follows.

17

Set the instrument on the point P at a distance, same
to or longer than AB. Level the instrument and colli-
mate the point A.

Loosen the telescope clamp screw. Point the telescope
upward at the same angle as point B and set a point
on the line (Point By).

Move the instrument to the point P/ which is at right
angle against the line AP and at the same distance to AP.
Level the instrument and collimate the point A again.

Loosen the telescope clamp screw, and point the tele-
scope upward at the same angle as point B and set a
point on the line (Point Bj).

Set the point B at the crossed point of the extended
lines of B, and By. This is the requested point B, and
the line joining A and B is perpendicular.

Fig. 10

* When collimating the point A in 1 and 3 above, be sure

that the bubble is in the center of the plane level A. If
it is out ot the center, collimate the point A after cen-
tering the bubble by adjusting with leveling screws.

Where more precise result is required, repeat above 1,
2 and 3, 4 process respectively using the telescope in
normal and reverse positions. And set By and By at the
centers of points obtained by using the telescope in nor-

mal and reverse positions.




When the sight is horizontal

_’_
Iy
Ih ‘Th
; h

7777 TTT T 7T 77777 4
5

5=100/

Fig. 11 h=Ih—-Th

When the sight is inclined

(If Th="Th)
S5=100/ cos2¢
h=>50{ sin 2¢
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6. Stadia Surveying

Stadia provides a method of measuring distance and differ-
ence in elevation by merely sighting a rod.

* Calculations are straightforward since the stadia addi-
tion constant is 0.

S: Horizontal distance

h: Difference in elevation

! : Difference in top and bottom stadia hair readings
# : Vertical angle

lh: Instrument height

Th: Line of sight reading




Number for full ten minutes

Full ten rminutea reading mark

Number for full degrees

Numbers for single minutes and full 20 seconds

Fig. 13

Numbers for single minute and full 20 seconds
Full ten minutes reading mark

Circle graduation lines

7 reference lines

1. Reading Horizontal Circle

1. Open the circle reflector and look through the horiz-
ontal circle reading magnifier and adjust the position
of the circle reflector so that circle graduations are
most brightly seen.

2. Look through the circle reading magnifier and rotate
its eyepiece knob so that circle graduations appear most
clearly,

3. Turn the optical micro-meter knob until one of the 7
reference lines in the center of view comes to the center
of two graduation lines. Now you simply read numbers.

NOTE: % Choose the nearest reference line either on the
right or left of the graduation lines for the step 3.

ANGLE MEASUREMENT

3% Read the numbers for the step 3 as follows.

A. For counter-clockwise reading.

Read numbers in upper half part of the circle.
1. The number for the full degrees 176°
2. The number for the full ten minutes 30’
3. The number for the single minute 6’
4. The number for the full twenty seconds 40”

Circle reads 176° 36/ 40”

B. For clockwise reading.

Read numbers in down half part of the circle.
1. The number for the full degrees 183°
2. The number for the full ten minutes 20’
3. The number for the single minute 3/
4. The number for the full twenty seconds 20”

Circle reads 183° 237 207
For the full ten minutes, rcad the number in-
dicated by N mark.

Optical system is designed to read two diametric
sides of the circle. So, you may obtain the means
of reading of the minutes and seconds of two
sides at a time.

"
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Fig. 14

|7' sl 6'|
0 40 20

(6" 40") (6’ 40" or 6’ 357)
3 3 3 3 3
0 20 40 0 20 40
(320 (3 20" or 3’ 257

by estimation)

C. How to read the single minute and the full 20 seconds.

(6' 30”)

(3’307




Fig. 156
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Vertical graduated circle
Regular scale reading 11° 30
Vernier scale reading + 14’

Vertical graduated circle
Regular scale reading 12° 30/
Vernier scale reading 16"

Fig. 16 Fig. 17

Vertical circle

11° 44/

2. Reading Vertical Circle

1. Read off in graduated units the reading on the regular
seale indicated by the A index on the vernier scale. (In
Fig. 15, 11° 30'; in Fig. 16, 12° 30".)

2. Read along the regular scale (in the direction of higher
numbers) and read off the reading on the vernier scale
which is most closely aligned with the regular scale.
(In Fig. 15, 14/; in Fig. 16, 16'.)

3. Add the readings of the two scales together to obtain
the final reading. (In Fig. 15, 11° 30/ +14’=11° 44%; in
Fig. 16, 12° 30"-| 16’=12° 46".)

12° 46’

Note

* The vertical graduated circle is a 0 -90° -0 -90° -0 compass
scale. When the line of sight of the telescope is horizontal,
the reading is 0 (see Fig. 17)

Left rotation 0 Right rotation
- . ; . . T Anpgle of
Telescope (normal) | Angle of elevation Horizontal depression
Angle of . .
Telescope (reversed) depression Horizontal | Angle of elevation




