cory 2 OF _ _ |.-

HARD COPY b. 7
MICROFICHE  §. ,

-1
//,,.

TRANSLATION

HIGH-PRECISION OPTICAL [{{ECDOLITES

FOREIGN TECHNOLOGY
DIVISION

AIR FORCE SYSTEMS COMMAND

WRIGHT-PATTERSON AIR FORCE BASE
_'* OHIO

ARCIIVE GUPY




FTD-TT- 64-653/1+2

UNEDITED ROUGH DRAFT TRANSLATION

HIGH-PRECISION OPTICAL THEODOLITES
BY: B. S. Grishin

English Pages: 174

THIS TRANSLATION 13 A RENDITION OF THE ORIG)-
NAL POREIGH TEXT VITHOUT ANY ANALYTICAL OR
EDITORIAL COMXENMT, STATEMENTS OR THEORIES PRUPARED BY:
ADVOCATEDOR IMPLIED ARE THOSEOP THE SOURCE
AND DO HOT MECESSARILY REPLECTY THE POSITION TRAMSLATION DIVISION
OR OPINION OPF THE POREIGMN TECHMNOLOGY Di- POREICN TECHMOLOGY DiVISION
VISION. WP-APB, ONMIO.
FTD-TT- 64-653/1+2 Date 23 Nov. 19 64

ST



B. S. Grishin

VYSOKOTOCHNYYE
OPTICHESKIYE
TEODOLITY

Izdatel'stvo Geodezicheskoy Literatury

Moskva 1959

pages 3 - 148

FTD-TT-64-653/1+2



TABLE O CONTENTS

Preface ¢« o ¢ o ¢« o o ¢ ¢ o o ¢« o ¢ o o s 6 6 s 6 0 06 60 6 0 s X
Introduction . o o ¢ v . s s ¢ 6 e 6 o s s e e s s e e 0 0 s 0 e 3
Part 1 -- Optical theodolite type OT=02 . . ¢ « « ¢ « ¢ o o ¢ o o U
Chapter 1 -- Ceneral information . ¢ « « 2 « o o s o o s o ¢ o 06 0 9
Chapter 2 -- A brief lescription o0® theodolite assembly . . . . . . 23
Chapter 3 -- Testing theoiolite OT-02 before starting vork . . . . 30

Chapter 4 -- Checking of theodolite OT-(U/ during manufacture
and rmir L] e L ] L] L] [ ) . ® L J L] L] ® L] . L ] » L] L] L ] L] [ J [ ] [ ] [ ) l‘2

Chapter 5 -- Cleaning, ludbrication, minor adjustments and
proredure for replacing individual componentas e s o o o s o ¢ 93

Part 2 -- Opti-cal theodolite type ThB . . v v v v v v o o o o & 5106
Chapter 6 -- General {NformAtion o ¢ o « o ¢ o o o o o o o o o » o107

Chapter 7 -- Checking and fitting the individual components of
the themOllte ThB L] L] L] L] L] L] L] L] * L] L] L] L] i ] L] * L] L] L [ ] [ ] Il31

Chapter 8 -- Lubrication, minor corrections and procedure for
replacing individual components . . . . .« ¢ « o« o . ¢ o o o o148

Chapter 9 -- Care of high precision optical theodolites types
GP-O? bnd m‘} during fie]..d Vork . e o o o o e« o e o o L] L 0153

Awendu 1 * L] L L] L[] Ll L] L] L[] L4 L] . . L] . L4 . L . L] L] L 4 L) L] L L] L ] 0162

Appendix 2 L] [ o ] L] [} [ [ [ . [ ] ] [ ] L] [ ] L ] [ ] [ [ ] L] [ ] L] L] L] e o 0166

PTD-TT-€h 653 /1 42



Preface

Modern geodesic instrument construction covers a wide range
of sudbjects associated with the design and development of
manufacturing processes, manufacture and asserbly, and almso with the
development of methods of adjustment and inspection procedures.

Amongst existing designs at precision levels, types NB-2
and Ni-0O4 satisfy modurn requirements whilst conventional preciamion
theodoljtes and universal instruments (types TT-2/6 snd AU 2/10)
require modernisation. New types of precision ontical theodolites
are now bairg developnd.

The most widely used of the exiscing deaigns is theodolite
type 0T-02, which i8 light in weight, small in size, hermetically
sealed and at the same time of high accuracy. It is suitadle for

use in forests, mountains and inaccensible regions, for topographical

geodesic work and in many other branches of the national ecouomy.
In recent years a considerable number of optical theodol:tes

type OT-02 have been supplied for topographical geodesic work.

These instruments are also used by other oréaniaations. and so it

was considered necessary to revige the book Hiph-Precision Optical

Theodelites, first published ‘n 1954, 1t ie a practical handbook

on the ascembly and adjustment of these instrumonts.

rxperience of the menufacture of the precision optical
theodolite type OT-02 indicates tuat tLe corresponding ranufecturing
instructions must be scrictly obsarved in making the components and
in assembling the instrument 80 that it meets the stringent
technical requirements which apply to it.

This book describes the fundaiientals of the asserbly,

dismantling and adjustment of precision optical theodolites types
==



CT-02 and ThB. It describes the ranufacture of parts of the axial
system and the study of aberrations in the telescope optical system.
Rules for the care of high-precision optical theodolites are given.

The following additione have teen made in tne second edition
of the took:

(a) Chapter 3 describes the testing und investigution of the
optical micrometer and also irnvestigation of the optical theodolite
dials;

(b) Chapters 4 and 7 give the theoretical fundamentals of
the individusl processes for adijusting tue optical systems of types
0T-02 and ThB theodolites.

The author hopes that the book can serve as a textbook not
only for specialicts in geodesic instrument manufacture, but also
for students in reodesic colleges, taking courses in aprlied optics

and geodesic instrumentation.

” -2=
prp 77 YT



Introduction

Theodolites types 0T-02 and ThB have considerable advantages
over the triangulation theodolites and universal instruments types
TT 2°/6" and AU 2"/10", namely: they are small, hermetically
sealed, comparatively light and more convenient for observations,
which speeds up the work and makes them more suituble for use in
inaccessidble, mountainous and remote districts.

Optical theodolite tyre CT-02, manufactured by the

Aerogeoinstrumert works is used in high-class triangulation, and

it can also be used for clars 3 astronomicsl observation. Recently,
it has alro been used in nachine-tool manufacture to determine

the errcr in tlie tooth-pitch of rrecision gear wheels and for other
angular measurements.

In order to work with these precision optical theodolites
it is necesnary to understand their construction, and the function
and errangement of the individual cormponents and assemblics, the
optical sys*ters and the path of li,ut through them, and also the
inspection and adjustment of the assgemblies and of the instrument
08 a whcle,

Precision optical theodolites contain about 70 optical parts,
which 18 just about 10% of all the parts of the instrument.
Therefore the quality of the instrument depends not only on the
optics but also on the quality of manufacture snd the uassembly of
the mecuanical »arts.

In instruments such as high-precision optical theodolites
adjustment is a comnlicated process which includes the fittirg of
the optical and mechanical prarts, and insrecting assemblier and the

instrument as a whole in accordence with the drswings and technical

requirernents. -

-



FART 1

OPTICAL THEODCLITE TYPE OT-02



Chapter 1
GENERAL INPORMATION

In optical theodolites the horizontal and the vertical dials
are made of optical glass and “he opt:ical systems of the horigontal
and vertical dial microscopes transmit images of diametrically
opposite dial graduation lines to the field of the reading
microacope. The instrument has a single optical micrometer in place
of several microscopce-micrometers.

Optical theodolite type OT-0C2 is a precision geodesic
instrument. Its special feature is that the images of the graduatiam
lines of the horizontal and vertical dials are transmitted through
the optica. systems of the objectives of the horizontal and vertical
dial microscopes to the single field of visic: of the reading
microscope, which has ite eyepiece alongside that of the telescope.
The readings are made on a single optical micrometer of which the
seconds disc is calibratrd at 0.2" per division. The telescope is
of the sstronomical type, straight, central, and with internal
focussing. The instrument can operate normally over a temperature
range of =25 to +50°C. Electric lighting is provided.

The instrument case is8 233 mm in diameter and 420 mm high.
Without the centering plate the instrument weighs 10.8 kg , the
instrument complete with case weighs 14,8 kg , the tripod weighs
8 kg and the centering plate 4.18 kg.

The theodolite is provided with the following set of

accessorien:



Illuminating mirror; 2

Electric lamp; 2

Eyepiece cup with light filter of glass TS-3; 1
Interchangeable eyepieces to give telescope magnification of 40 x
and 24 x; 2

Electrical plug-socket: 1

Cover for telescope objective: 1

Centering plate with centering device; 1
Tripod; 1

¥etal case; 1

Attachment for carrying instrument; 1

Handle; 1

Plumb line with cord and board; 1

Spanner for tripod; 1

Tommy-bar for stand screw; 1

Screwdriver, watchmaker's; 1

Screwdriver with wooden handle; 1

Straight and bent pins; 2

hdjustable spunner; I

to

'\‘QL\
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ueh for cleaning cpiticul par

flannel cloth 200 x 20C mm; 1
Bottle of instrument lubricant; 1
Flectric lamp; 10

Instrument cover of hard thin cloth; 1

Canvae bag for centering platec and ncceseorieay 1

Canvas cover for tripod head; 1



1. The theodolite

Optical theodolite type OT-02 consists of three main
interconnected parts: the lower, middle and upper (the telescope
and horizontal axis). The riddle part of the theodolite is
attached to the upper part by screws, and to the lower rart by
a screw thread in the stand and or the nounting of the dial
alicade prisms.

A general view of optical theodolite type CT-02 on its
centerine nlate A 1is e#iven in Fig.7. The base plate . serves
as 8 bace for the levelling screws. 1t is secured to the trirod
by 8 fixing screw and to the centering plate by a special screw.

Lower part of the theodolite

The principal comronent of the lower part is the carrier 4
(Pig.1). The levelling screws 2 serve to adjust the verticsal axis
of the instrumen® over tnhe plummet. Tne travel of the levelling
acrews is controlled by the screws 3. The mounting 7 of the
condenser and illuminating priem for the horizontal dial and also
a8 plug-socket are attached to the bere of the carrier. Attached
to the carrier opposite the liphtine riism is a mounting for the

intercrangeable lighting systems (mirror and electrical).
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mounting vl the alldade
of the horizontal dial microscore ohbhjective. The horizontal dial
is attuched 'y Zour snecial clamps to tue Gial busn, whicu can
rotate.

Under the protective cover S is a knob which is secured to

tne sume spindle ar a pear which veshes with tihe gear on the disal



tush, so that the dial rotates wher. the VYnob is turned.
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Fig. 1. Cotical thendnlite type 01.02

1 - base plate; 7 - Ievell\n? screws; - ad;ustun? screws; & - carrter: 5 < protective cover for wngd
of pinion v ich sets marizontal s o altymination merrer: 12 ey rting O‘Vl']u.|"1‘ riprice of

horrzontal ¢ral, 5 - shicang contact, 3 - Togwins screw “or clasn of "orzental 1ol g vdJTe, IS Es
justing screv for rorrzeatal ol allaage; 1. Telescie sivtiry oo st serew; - level sitting
screw }ar the yertical 2130 10 o solector anod; de - dewe! tor rorig sty ngt owordade 1L - rptical
microeeter knon; I - mice acter tearing; 17 - level 4or vertical giar \ci‘v; - werticgl turntanie
Pousiprg; 17 - 60 cne fazussing ming eyritole founoing rr LRI T, ST S INEWL '.'r(v‘
- zraticule v ilusratey mirror wanchs N orwctrve lens of verbrcal e o e, fe e rlbaning
Yovel ~rism; 3 - restiny mrcraccore, oo bowil ity screw f o werticgl turnttle, b oo contering
late,
The vertical exis of the ins‘rument is sccured to the stand.
A cottued ring ard @l aErice slerye giiel Sixed Y@ Ric CrEpos poFE f

the c.rricer. Tie clamping ring carries tue alidude clump of the

horizontel «¢ial w~ith adjusting screws 10 and locking screws 9.

Middle part of theodolite

The stand, with 1ts two uprights, is8 the principal component
of the middle part of the theodolite. The lower part of it

carries the following: the level for the horizontal dial 14,



the swivelling prism (with mounting) of the objective system of the
horizont.l dial microscope; on tne left (with circle-left, or CL)
the swivelling prism of the objective system of the vertical dial
microscope in 1ts mounting, the obJjective lens of the vertical dial
wicroscope 23 in its mounting, the level setting screw for the
vertical dial 12; to the right (with circ.e-right or CR) the
telescope sighting adjustment screw 11, the selector prism in its
mounting with the knob 13 and cover glass. The image of the
sraducticns ¢f the harisantal or of the verticul dial is selected
by turning the knob 13,

Upper part of the theodolite (telescope with horizontal axis)

Tble 18 the most comrlicated part of the instrument in both
manufacture and assermbly. The composite horizontal axis of the
instrument 18 c¢cylindrical and hollow. The ‘elescope turns
cylindrical Yecaringn., The nrinecinal corponent and Joinlng link of
the upper part of the theodolite is the telescope socket. 7The
telescopoe oand tue reading microascope 2?5 are attached to tue teles-
cope socket which also holds the clamp and knob of the graticule

lighting mirror 22.

The bearings are screwed to tue instrument stand. The

right-hand bearing 16 contains an oprical miciuiLé
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alidade prisms o which 48 secured the clamr of the vertical dial
alidsde leve!. The vertical dial aiidade 18 turned ty Lue adjus
screw 12,

The principle of combining the images of the two opposite
ends of the level bubble is used Lo adjust theo tubble to the

central position. The coinciding ends of the budble are observed



through a rotating level nrism 24,
The position of the zenith is altered by the telescope
sighting adjustrent acrew 11, the level setting screw for the

ver+tical dial 72 a~nd tue level adiustine screw 26

-

Tre vertical dianl, which {a screwed to the telescope socket
ia at*tached tn the frare of the vertical turntablie 18,

The imuge of tli- teleccore graticule is focussec by turning
tue focursine rinc of tne everniece 20 and the main obJjest is brought
intou focus v turninc tie *eleccore focuasine ring 19, The
collimution error ie cor:ected by adiusting the graticule - ocition
with tiree acrewec. Tie ‘elescore praticule liphtirg 18 adjurted
by turning tie lightine mirror knob 22.

For as*ronomical otrcervations *ne instrument ic provided with

a dark rlage filter which fites onto the telescone eyeplece.

Levelq

Theodoli*e “7T=N" has *wo levels., The level for the norizonta

dial alidade i3 mounted in the theodolite base ard serves to bdbring
the centre-line of the instrument over the plummet position.
Levelling 18 adjusted by a screw on the side of the vertical dial.
Tre calibration of the level 48 6 - " " per 2 mm. The level for the
vertical axrael alicade 18 cornec ed to tne dial, its calibration is

-
- ®

keadinx the dials

The field of vieion of the reading microscope is illust ated
in Pig.2. The horizontal dial is read as follows; the micrometer
knob i1s turned until the imsges of the dial greduations coincide
eccurately, and tren the degrees and minutes (1Q020‘) are reasd on

the upper scale; the resding 20.07 is obtained on the (lower)



"seconds” scale which, being multiplied by 2, gives 30".14, The
complete reading is therefore 18°20'40" .18, Por greatsr accuracy

the dial is adjusted and read twice and the sum of the two readings

on the seconds ecale pgives the final result.

Example
Reading on upper scale 156038'
First reading on seconds scale 40.27
Second reading on seconds scale 40,21
Tctel readine 1562391 20" .48

The method of taking readings on the vertical dial is similar
to that des~ribed (but it should be borne in mind that diametrically

oprosite graduation mar¥s on the vertical dial are numbered the same

okl nr
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Fig. 2. Field of viston of reading sicroscope of theodolite type 01-07

The angle of slope is obtained as the differerce between
resdings vhen approaching from circie left {CL) and from cime right

(CR) and not the half-difference as in ordinary instruments, i.e.

11



a = CL - CR

an? the zenith distancey are calculated by the fornula

M, = CR + o - 180°

The reusson for this is as follows: the intervals between
rsraduntions on the vertical and horizontal dials are divided into
*ifteen equal norts, The intervul between ad‘acent greduations of
the vertical dial 1s 8', which is double the :nterval on the
horizon*tal divl. Therefore the whole-integer part of the reading
on tne verticul cial is divided vy two in advance, 1.e. 0,7,Z... 18
written in place of O0,2,4... Consequently, the difference between
readings ta¥en when the *elescope axis is aimed at the upper and
lower points is half tle actual angle, end the sngle Of slope is the
differernce tetween the reudings. Thie 18 a 4irec.ul feature of

rueodolite COT-02.

2. Cptical system

T..e optical system of the theodolite (FPig.3) consists of the
ontical esystems of: (a) the telescope (b) the objective of the '

horirzon*al diul microscope (c¢c) the objective o>f the vertical dial

L
(¢}
Fb

> e croacter (‘3) rha regfjing microacone (f) the

microwncupe

S,

P
(a8
[ S04
)<

rortzonta. andé verticel o

™ a *aleecope ontical syvatem consists of an objective, the

7

creticule, 'nd one of Lhreve lnleicChargeable cyeypliccee,
The princiral characteristics of tne telegcone are as

follows:



Tube length 265 mm

Magnification 28 x 30 x 40 x
Angle of vision 1%0', 1°20* ana 1°
Eyepiece lens aperture 2.5oam, 2.0mm and 1.5mm

Ecuivalent focal length of odbjective 350 mm
Free aperture of objective 60 mm
Resolving power of objective o" .4
Angular distance of graticule bisectaxr 35"

Pocussing range from 5m to infinit;-.

The telescope objective consists of the objective proper
(three lenses 35, 36 and 37 in Pig.3) and a double-lens focussing
component 38. The graticule consists of two plane-parallel plates
39 and 40 cemented together, one of which carries the hair-lines
and the other the diaphragm. The interchangeabhle eyepieces 41 are
symmetrical and contain four lenses, their focal lengths are 18 .6mm,
1.7 om and 8.6 mm,

The optical system of the horizontal dial microscope
ohjective consists of the horizontal dial lighting éyetom, the
alidade prisms 19, 21, an objective with four-times magnification
22,23, and the adjustable prism 24,

The horizontal dial liehting system includes: a prism 17,

a condenser 18, slidade prisms 19,21 for each side of the dial, which

padue v @mel isopt el L AE e nid ekl =

-~ .- LR TR
- - el o

- “rnA . -
Lo & GO Lot whie Ads)

aré < ucte SN big | died oris
images can be transmitted through objectives 22, 23 of the
horizontal dial microscops. The horizontal snd vertical dials are
1it either by mirrora 6 which can be rotated about vertical and
horizontal axes (Fig.1) or by electric lighting. The e-zonds disc

of the optica)l micrometer is lightea together with tue dials.
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Fig, 3. clatram of (otrical systom of thendzlite typge fo )

The optical symtem of the vertical dial microscope objective

consists of tnhe verticnil da:al light:npg system, the alidade rrisms
£,1C,an obger=ive Wwith three-tiree rgenificution 11,732, an

The verticul diasl lighting system includes tuhe prisms 5,6,

a condenser 7 and alidace 1ricma 8,70, which, like tne horizontal

dial optical system, is cons ruc*ted so that *“he diul crsadusations can

be 11t and their images can be transmitted through the first

14



component of the vertical dial microscope objective 11. Prisms 1
and 2, which tranamit light to a metal mirrcr which lights the
graticule, are assembled together with the vertical dial lighting
system,

"he micrometer optical srstem is constructed in such a way
thiat the images nf the craduationms oY the horizontal and vertical
dials and those of the graduations of the seconds disc and of the
micrometer index appear on a single plane in which they are
observed through the reading microscope (30, 31, 32, Pig.3).

The micrometer optical systen consists of pl. e-parallel
plates 25, a8 separating unit 26,27, & prism 28 which transmits the
images of the dial graduations, the seconde disc 33, and the
illuminating prierm 34,

The reading microscope consists of the collecting lens 29,
the reading microscope prism 30, the objective 31, and the eyeplece
32. The reading microscope is common to the optical systems of the
microscope objectives of the horizontal and vertical dials, "ecause
both objectives give ireges in the plane of the separating unit 26,
27. The magnification of the reading microscope is 9.3 x and the
overall magnification of the microscope for the horizontal dial is
37 x &and for the vertical dial 28 x . The field of vision of the

reading microscore is 8 mn x 3.8 mm which corresponds to 1°30* on

the horizontsl dial anc 3°20' on the vertical dial. The distance
from the microscore objective lens to tue horizontal dial is 25.5 mm
and to the vertical dial 25.0 mn. The diameter of the objective
lens is 1.7 mm for the horizontal dial snd 1.6 mm for thLe vertical.
Tie horizontal and vertical dials of theodolite type OT-02

ere made of outical glass grade FK-10, ard very strict requiremer:s

19



ayply to them. The lirht beam wiich is reflected from the dial
culibrations passes through the dials whose faces must, therefore,
tepurallel. The angle betw. en the faces of t:e horizontal dial
muct not exceed 2 seconds and the quality of its surfaces i=
craracterized bv the values AN = 0.3, N = 1, wnere AN 18 the
tolerauted deviation of the s.rface from t..at of a sphere 2r plane
(locnl error) and N {8 ‘':e tolersted deviation of tne radius of
the surfuce of the part from the radii.sg of the test glass or
tolerated srhericity of the plane s.rface exrresred as the nunber
of interference rings. The s.rfuce finish of the diarmeters on which
the graduations and numters are marved is of Class 1.

The diasl praduations are rade with a precision circular
dividing machine, Before calibration tie glaass is coated with wax,
the ruchine zutter plercen the wix ¢0 the glaascs, which is ¢then
etched. The diamoter of the circle on which the pradua*ions are
mnide, measured to *he lower end of the cslitratiors, is 135 mm for
the horizontal uial and ©0O mn for the verticanl; the smallest
divisions of the dials are: horizontsl 4' uand vertical &'; the
thickness of the dial gradua'ions is horizortal 6 - 7 microns and

vertical 7 - B microns.

The dial surfaces on wiich the eraucduetions are marked are

silvered to imrrove re flection and are provided with a rrotective

coatine. M a tata) nrrvar nf Atarater of the haordi nrntu) dial e not
freater <%han + 1,5", and of the ver%ical dial, r. ' yreater than
1 2.511.

Ceconds disc

The scconds disc 18 made of optical glasa and is 2’2 mm 1n

diagmeter and 2 rr thick. The diumeter of the circle on which the

16



graduations are made is 20 mm, measured to the inner ends of the
graduations., In the d3iac there is a hole 8 mm diameter for the cam
shaft. Graduations sre rurked on the arc of the disc over an angle
of 3500, this angle 13 divided !nto 600 parts, every tenth diviaion
of which 4is numbered from 1 to 60. In addition, there are four

lines marked on both sides of the working part of the disc. Tue

width of the lines on the seconds disc is 0.01 + 0.002 mm.

Microscopes and path of light

Mo~ 4
(VAVIVYS PN

(¢

6r firs' tue palb of tuhe light in vtne norizonial Gial
microscope (Fig.3). 1Light from the electric lamp, or light
reflected from the mirror, falls on the prism 17, passes through
the condenser 18, and on to the prism 19, and then through prism 21
to the Jdiametrically opposite part of the dial and illuminates the
graduations of the horizontal dial 20.

The path of light in the alidade prisms is shown in Fig.4.
Light from the i1lluminated images of the opposite parts of the dial
passes through the alidade prisms 21 (Fig.3) to the first component
22 of the objective sand then to the snecond component 22 and fur'her
to the swivelling priesm 24 and to the opticnl micrometer (meanwhile
t..e selector prism 15 is not in use).

In the optical micirometer the light passes turough the
planc-pai._.lel rlates 25 to tue separating unit 26,27, which
separates by a fine line the opposite fields of the dial graduation
images, here part of the light passes through the illuminating prisms
24 of the seconde disc.

The collecting lens of the reading microscope 29 receives
light from diametricelly opposite graduations of the dial through

prism 28 and light from the graduation images of the meconds disc.



After passing throurh *le collector lens 22 the light passes through
the priam of the resading microscore 30, the objective 21, and the

rending microsc ope eveniece 322,

'
=
ey

.t

—F

g TR

r”*;f_ .-

Flo, &, Patn of 1% in **e alica‘e prise

The path of light in the verticanl dial microscope is as
follows (Fig.%): 1lisght from the electric lamp, or lirht reflected

from the mirror, reaches the rriem & and *lience pasges through the

icm # =2nd throurch the alidade prism
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prism 6 ancd cordencser 7 %o the 1
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f the vertical disl are 1lit.

Furtner, light from <re reflected inuwes cof dismetricully
opposite parts of the vertical dis! passeg throurh the alldade
prisms 1C and resches the firsat ccmyorent 11 of the microscore
objective, then rasrces ¢ rourh the swivelling pricm 12 to the second
comronent 13 and thro ¢h t:.e cover 7liucc T4 to the select r rrisno
15. Possing thro.rh the selector prism 15 the licht from
dismetrically opresite -radun+icneg of the vert:cal diul reacues the
optical micromeser, Tre path Hf the lieht in tre optical micrometer

and in the readire micr ccore has bhrern descritbed atove.



3. System of axes

The horizontal axis system of the instrument (Pig.5)
includes the following parts: the bearing for the vertical
turntable 23, the vertical turntable housing 18, the telescope
socket 28 and the micrometer bearing 16.

The vertical turntable housing 18 (Pig.5) and the telescope
28 are connected by internal cylindrical surfaces; at one sand they
are in contact with tne cylindrical bearing surface of the vertical
turntabdble 29 and at the other with the cylindrical bearing surface
of the micrometer 16,

The cylindrical surfaces of the rmounting of the vertical-dial
alidade prisms run in the bearing of the vertical turntable, sand in
the asrembled system of the horizontal axis the slidade part of the
mounting lies inside the vertical turntable housing.

The vertical axis of the instrument (Fig.6) includes the
following components: the vertical axis 4, the vertical shaft main
bearing (tribrach) 5 and the dial bush 6. 7The dial is mounted
separately from the alidade axis, "ne dial runs in tne dial busa 6,
the alidade axis is tie vertical shaft 4 and the vertical shaft
main bearing 5 is located between them.

Mountings 1 and 2 of the objective components of the
horizontasl dial microscope (Pig.6) asre located in the mounting of
the dial ulidade priems 3 in which tney are secured by locking
screws after adjustment. The mounting of the dial alidade prisms

is8 inside the vertical axis and is screwed to the instrument stand

by a thresd cut on ite cylindricsal part.
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The vertical axis 18 sclf-adjusting, and cylindricusl with a
bull-thirust vesrirg on the conical paurt of the verticol siaft rmair
teonrine wilch i fixed to <r.e ntand Y four screws. T..e ver-ical
a. uft waln Lenring is atcacked te % cuprcier bYy serews in half-rings
The half-rincs rur in the w-nular slot - f %he dial hurh and,
*herefore, *uet are Leld atov: the torizontal dia) »lidsde prrism
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Fig. 5. The horizonta) amrs systes

- turntiole bearing, 15 - wvertical turntutle rausing; 53 - mountaing of wertica) dial alidace
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4. Optical micrometer

The optical micrometer takes resdings of the horirzontal and
vertical dials. The horizontal dial is graduated every four
minutes, the seconds dial of the micrometer has 600 ¢divisions and
one revolution of the seconde disc corresronds to 2' and therefore
the calibration of the reconds disc 41s 0.2" per division. The
optical micrometer (Fig.7) is constructed as follows: three rain
parts are fixed to the micrometer housing 1; (a) the spiral
assembly; (b) the micrometer bridce and (c) the lever bridge. The
spiral assembtly consists of the cam-shaft 2, the seconds disc 3,
the cam &, ard the micrometer knob 15 (Fig.1). The seconds disc is
attached to the cam shaft by nute ard washers. "he cem shaft fits
in a hole in the cam and is secured by a screw. The cylind:iicsl
pa:t of the cam on which the spir .l ier cut runs ir a hole in the
eicrometer housing; the micrometer knob is screwed tn the thraadad
part of the cam (from tre face side of the micrometer housing ) send

is8 locked by a screw.

e n*r' N M‘T!'

\ ,.;ul.')

\' L..thut.UEUi-E

Fig, 1, Optical aicrometer

| - afcrosater housing; a - spirs) assesdly; b - eicroseter bridge; ¢ - lever bridge.
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the prism whie!, © namits the lpages of tne dial gréacusticns <&,

the lirh®ing rriem for the scc.nds disc M und *he collecting lens

Tue lever bridre !s 8180 securec by screws to the micrometer
hcusing. At one end the microme®.r l-vers run in holes ir t.e lever
oricge housi:p ap® i tEe abfer in Reles da ke rlcwoseloer Eewsings
Tie microre<pr lavers carry {ene-parallel pluated ird ;bhelr Erivire
vins run in *he rmicrometer carm sfpiral.

The ~icrome%er oreratec ag follows: {» *akir.- a dial readinc
tue ims es of dlare-trically orrori®e ~raduatiores ¢f 'hLe dial rust be
rade to colncicde. This {s done by turnine *le nicrometer +rob which
‘urrs tuae spiral and the seconds disc. The ' 1 fu.ce pinc tuen
rer LR Wle Briraly wifon She nesitl nglof gl loudee grdl &4 Eise
r\_n_no_;nnrq"nl rlatoc wiiah nea da sy L) € s v V=S + Crar b p

diame*ricuolly orprosite dial rraduaticna. 45 tue rlune-parullel
rlates are at an sngle *te lignt 18 deflected vrt:l the imopes of
the diametrically orrosite dinl rre Lns .0 co'rnclae. wlen tie
Inase s navd l coine: ged refalncs aEe = wrn | fren’ thee! aaal | und the

~cconds disc.



Chapter 2
A RRIEP DESCRIPTION CP THEODOLITE ASSEMBLY

5. Manufacture of axial systems

A description of the process of assembling an optical
theodolite would be very long and, tuerefore, we describe only the
assenbly of the main sub-asremblies und the preliminary assembly of
the instrurcent.

The most important metal parts and comronents of the
tbaodolite are the vertical and horizontal axis systems. Manufactum
of the parts of tier horizontal axis is 8 complicated process which
calls fcr great accuracy in order that the parts shall fit on

asserbly. Manufacture of the corponents of the vertical axie (the
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complicated procesr in which particular attention must be paid to
grinding and lapping in.

The requirements which apply to the components sre very
severe, for exanmple, the eccentricity of the dial-besring part of
the dial bush relstive to the centre line of the part should not
exceed 0.00”° mr and the cllarances between the axis and its main
bearing and between the main bearing arnd the dial bush should not

exceoed 0,002 mn.

The axis and main bearing are nade of steel grade 38 KhMYuA
and their general method of manufacture is as follows. The blanks
are annealed at a8 *temrersture of 920-850°C for three hours and are

tnen coolrd in the furnace to 400°C. They are rough machined



leavirs an sllowance of °-5 rrm und are then heat treanted by
ardening at CSOOC using o1l and .uver ns the cooling medium and
*errering at 600°C - 650°C usine air as cooling redium. The hard-
necs on the KC scule should be not lese thun 23, After heat
‘reatrent, parts are finieh rmachined excert for rlaces which require
crinding with an allowuance of 0,¢-0.7 mn., The *elescope socket is
articularly difficult to @ wcline,

The comronents are ¢ .on civer a stubilisirr~ *empering at
oH7C for six lLours wi*h cooling in the furnace to relieve stresses
ned to nrevent rubgsequent atrain, Jurfoaces recuirine it are then
‘r-urd with an allowance of 0,” rrm on %'.e disreter; thev tre
Aaillied y tope s LLreuds aFe Uk, @t .

Ircsective coutings are aprlied to tie teleocope socket and
to the ver*ical turntable haus.ng st plucer which should not te
nitrided :nd local nitriding 18 ther avpvlied. NLitriding pives a
curfale Lardresy O HDOUT =4 on the R“ scule nnd “he depthh of the
ritrided layer is 0.5 2. Tire rarts are then puinted and finish
cround ~itn allowance for lajringe.

The parts are oirain curefully irsiected after the final
crinding as aligenment urnd varallelirm tolerancee« for surfaces are
often of the -rder of 0.001-0,002 ~m. The increc’'ed rorts are nade
up into sets.

“fter finieh rrindine of the Loles (tue telesccpe socret,

“re veortical *urnta*le lousing, the v-rtical axis r in beuring and

dilal bushes) trher .re lap:ed ith suitable ret-rials ond checved for
nlirnment and cccentricity. (nly tuen I: the turrntable leuring
wrfuce finish cround with ¢e vertical turntaltle liousing, tue

microrvter 'oaring with t.e *ulercope scocket ord the verticsl axis

4 L ka
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with its main dearing, leaving lapping allowances. Tue parts are
then lapred with emerien from No.160 to No.2&0.

The bearings and vertical axis of the instrument are finally
polished to mirror finish with a paste containing chromium oxide.
After lapping, the axial systems are made up into sets and finally

inspected for clearances, alignments, quality of lapping, etc.

€. Assembly of lower part of theodolite

The process of assembling the lower part of the theodolite,
likxe that of the other parts, consiots of preliminary assembly
before the parts have been finished and final assembly afterwards.
The object of the preliminary ancembly ies to match the parts and to
seat them to one snother., The carrier base is secured to the
carrier by screws and then the carrier is mounted in a lathe and 1ips
screwed on to the mounting thread which is held in the lathe chuck,
then holes are turned in the bottom of the carrier and a rirg is cut
under the mounting of the illuminating prism and condenser.

The clamping sleeve is screwed on to the carrier, the alidade
clamp of the horizontal dial is sscembled and the clamp is lapped
with the clamp bush. When the levelling screws are assembled their
threads are lapped to give smooth runnirg. The mechanisms for
moving the dials and the illuminatine sleeve and contact are at ichad
to the carrier.

The lenses of the horizontal dial microscope objective are
rolled into their mounting on a lathe with special fittings. The
slots in the mountinge of tlie alidade prisms of the horizontal dials

are matched to the prisms, drilled and holes a~e cut under the lock

and adjusting screws. The arsembliss are then dismsntled, marked



with the number of the car:rier, and sert for platirp srd painting,

After the conronente have been finished the adjiusting plate,
the levelling screws, the horizen*al dial nlidade clanmp, the
{1luninatir ¢ rleeve witiu contnect r.d ('her sub-nace~tlies ure
finslly a-serbled,

Drills =»re pa <ed throusrh holea in the vertical axigy maln
tearing t., rark out ard dril! holes in tiie cuarr.ier, holes uncer the
gcrew=threads in tue Lalf-ri- s whici form the tearirng for the dig)
rleeve, a8rd alan t.readns are cut in the half-rings under the screws
to secure thne vertical axia main bearing ¢ the carrier and to the
half-rings.

Twe contac*' 1ins ard clanning alecve are attached to the
carrier, tne electrical rarts are asse~bled, *he plu- socket und
mounting with lighting prier and condenser are attacltied t: ‘*lie

bottcm of the carrier.

7. Acsembly of the centre part
of the theodclite

‘reliminary assembly of *he cerntre purt of tne theodolite
consists in matching the mouatings for the optical componerts, 1in
fitting the assemblies on the s'.,1d, in luprine the *+-.-ccope
adiugting acrews arnd the level-se*tire ccrew to ensure smootu
rurning ond in acgenbly of the alidade levels ¢f the norizontal
dial., The rositions of the Loles urd. r % tiread for the screws
which fix the vertical sxis ¢ . the irstrument stard are rorkec out
@y laten @xilled dilpoufh! kolés iR %ie We:iical @X.8.

To mar¥ out the holea *he -ournting of tle alidade rricus is

-

inserted in the ver'icsrl axie and *iren *:e mow tinc and uxis

:.’(i



together are screwed into the stand. Marking out of the holes to
be drilled in *be stand 1s done with a drill which runs through
and fits the holes in the vertical axis. After the holes have been
tapred the vertical axis is secured to the estand by four screws
end the alignment is checked by screwing the mounting for the
horizontal dial alidade prisms into the atand.

Holes in the swivelling prism of the horizontal dial
microecope are used to marv out, drill and tap the holes for the
screws which fix t:e iounting to the stard. The rounting with the
prism is then fittecd in the stand. The puide plate is secured to
the alidade guide. The dial image selector mechanism is assemdled
on the wall of the right-hand upright of the stand. Holes for the
screws which secure the wall to the stand are marked out through
holer in the walls, and *len drilled and tapped snd then the
gelector prism ir fi{*ted Aand the wall with the ceclcetor SiCubininu
is fixed in the rignt-hand upright of the stand (CL) by screws.

A mounting with cover glass 1s screwed to the other side of this
column,

The screw which sets the vertical turntable leval is
assembled on the left-hand upright and the telescope adjustmert screw
on the right-hand one.

The horizontal diasl alidade level in its mounting is fixed to
the lower part of the stand in such & way that the level adjustment
screw 18 on the left-hand upright to which the mounting of the
swivelling prism of the vertical dial microscope 12 hag previouely

been fitted and the mourting for tte components of *he vertical dial

microscope objective 13 (Fig.2) are screwed in,



8. Assembly of the up;e~r part of the
theodolize

This rart of *he instrument is the most difficult to
manufacture and asserble. The principal components of the urper
part of the theodolite are: the horizon<.al axis svstem, the
*elegscope, the optical microreter, *ne alidade level of the vertical
turntable, the telescope clamp and the readiny rnicroscope.

Irelimirnary ascerbly cornaists 4n larping the *elescnpe
gentire in the telercope socket until ‘e hole in the telescope
witll 18 opposite the btearirg «f the vertical turntatle. The
‘elescope clomp i3 lutped In 1ts seating and *the rounting of the
focuseing corronent «f the ‘'elescore otbtjective 1s lar:red in after
wiich the focussing lens (focussing cocyponent) is fixed in its
rmountine.,

he telescope is finally fixed in itrs socket, the cqsirg 1is
f1*ed on 4t und t.en the 'occlinninm wh ch movea the focumraine lenn
rour.ting is arcertled. T:iis consists of a threaded slide block and
feccumsing ring, then the s+tirrup which secures the :1cading microscope
to the telescore fa fitted, the mountine with the graticule
adlusting oecrewn ip fitted and the eyeniece ia ecrewed in. PFinally,
the *eleacore is adiusted nnd aacerbled.

iiloleg are cut {r ¢he clumr of the vertical dial snlidade levels
at the diameter of beuring of the mountinys for the vertical dial
nlidade prisms. The liyhtine mounting is fitted, after wn:ch the
‘rane with level und yrrism systerm which +*ranemits the imac-e of the
ends of the bubble is fixed to the level clamp.

T™ie first corporernt of the microscore obiwctive 11 (see

Fig.2) tn 1te rounting i3 first {r-*ulled in the mounting of the
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vertical diasl alicade prisms, and then the alidade prisms 10 are
pre-assembled and are secured by screws to the mounting for the
condenser 7, the lighting prism 6 and the msm 2. The components
are previously wired, the electric wire is passed througrh the base
and the turntable bsaring.

™ne prism cf the reading microscope 30 is fitted in its
mounting and fitted into the feleacope socket. Finally the resding
microscope is assembled, passed through the stirrup and screwed
into %he telescope socket. All the upper part'of the theodolite is

finally asnembled after adjustment.

9. Assenbly of the optical micrometer

Ascembly of tle opticsl micrometer commences with fitting of

the lever Lridges in the micrometer mounting. The holes under the
cam are lapred to ens:ure smooth running without rockinm.fTeliminary'
assembly consists in fitting the micrometer bridge ard levers, and
in fitting the srrings which press the lever guide pins against the
spiral surface of the cam. These parts ere then dismantled and
marked with the micrometer mounting numter and sent for finishing.
After the micrometer has heen ad)' 'ted the plane-parallel

plstes are fixed into the lever seatings.

The following optical parts are fitted on the micrometer
bridee: the dividirng unit, the pricm which trarsmits tze images of
the dial graduations, tle prism for illumirating the saconds disc,
the collecting lens of the resading microscope and the seconds disc
which 18 fitted to the cam sliaft,

The opticsl micrometer is finally assgentled after the sub-

asgemblien Lave been adjusted and laborustory tests have teen made,
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Chapter 3%
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10. Chec¥ing the truvel of the levelling
ond micrometer screws

Before proceedi~¢ to worl, cliec the “ruvel of the levelling
and micrometer screws, tre trav-1l of tle irstrument axes, the level
in the stand, and exurire **o *riro¢, 7The levellirg arnd ricroreier
gcrers sh uld *“ravel freely without roc¥ing or tindinc. Tne travel
of the levelling screws is correc’ 'd by *ntte udlucting screwe, tue

travel of the nicrormet: r ndjusting screwa 13 adjug'ed by aprince

nute and «asters of the addusting acrews.

(2]

in th

RS Cbeckivp the insrtrument axes
The irs*rument axes c:ould rotate frcely and smcothly without
bindinr ~r rockinz. After tue alidudeas of the horizontaul dial nave
reen turned 360° stout a vertical axic the lovel dutble on e .tard
should not nave moved ty more than 1.5 divisniona. Excesuive

oscillations of the ver“ical axis can only be corrccted in the

fac*tory.

12. Checvirg *he level .o <te and
~he cylindrical level o{ t.e horirontal dinl olidade ia
checked 4n %'e 1 eunAl way., Tue level ia firet alicned in the
direction of the two levelling screws, “he tub'le is trought to the

ac



centre and then the alidade i{s turned through 180°. If there is
any change in the level, 13lf the correction is made by the level
adjusting screw and the other half by the levelling screws.
Checking i8 continued unti]l the bubble remains in the centre on

turnirg through 180°.

13, Examination of tripod
Before commencing work examine all the Joints in the metal
and wooden parts cf the tripod. It is very important to ensure
that there is no play at the places where the tips are Jjoined to

the knife edges of the tripod.

14, Checking the quslity of the
image in the .elescope
objective

Bernides mak ing the checks mentioned above, if the theodolite

has been roughly hendle¢ in transit or if the adjustment has been

disturbed, . .eck the quality of the imsges of the telescope
objective, the microscopes of the horizon*al and vertical dials,
check t..e setting of the rraticule in the telescope and the
vertical turntable level, the angle between the horizontal axis and

the vertical axis of rotation of the instrument, the riagnitude of

*he collimation error, the travel of the focussing lens, the
eccen‘ricity of the dial and alidude, and the run of the dial
microscopes.

T.e telenrcope objective image should be sharp over two-thirds
of the ficld of vimion. This masy he checved by examining a sharply

outlined, distart object sgainst the background of tue sky.
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Tte centering of the telescore cptical «yster 45 checked by
examination of a stur. The tube focussing i3 altered and tre
innce of the st:r 1is observec. In a well-centered system the image

of the star should be a true circle both before uard behind the

fccal plane of the syster.

15. Chec>irec tie microscopes of the
horizon%tal and vertical dials

The cuality of *the imace of the horizontal dial microscope
is first checved, part:cular a'tention teine pald 'o the following.

9 o hen the secords disc is aet to *the zer. mark tre irdex
of the uptical micrometer should eitier coinciade with ti.e combired
imarec of +tie diumetric:l1ly orprocite disl eraduations or should be
;.alf-way be'wcen tlher.

2. There nust te no durvening of tiue ed-en of the fleld of
t..e resdinr microccope urd the i1'lumination should be uniform ov r
‘e whole fileld of vision,

2, T.e line of seraration retweer the ur vr and lower imaces
of the cdisc pyradu-sinns ahiould e fi:., ntrairnt snd without
noticeubls thick nirg.

4, Tie iri en of the dial calitration rust not te tent.

5. T.e irages of calibratiorn lires of the dial and the
ceconds disc suould botn te via‘bly gharp an' *opether without
refocunsing ‘he eyeyiece,

The vertical dial ricroscope §s checves 11 fuat t.e sAme way

ac “ha*t of _..e norizor'al dial.

o
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16. Checking the setting of the telescope graticule
The telescope graticule is checked with a plummet and

corrected with the sadjustireg acrews.

17. Checking the anple between the horizontal and
vertical axes of rotation of the instrument

The horizontal axis of theodolite 0T-02 should be
perpendicular to the vertical axis. Therefore, the theodolite 1is
carefully checked for the level of the horizontal dial alidats and
the position of the bisector is observed relative to the prlumb line
when the telescope is turned about the horizontal axis; corrections

can only be made in the workshop or factory.

18. Checking the vertical turntable level

The position of the zenith is determired in the usual way and
corrected by the level adjusting screw 26 (Fig.7). Tre vertic:l
turntable is sub-divided into sectors as shown in Pig.8. It may be
seen through the reading microscope (with Ck) tlLat the numbers
marked apainst the graduations increusse in the counter-clockwise
direction in the right-hand upper sector and diminish in the clock-
wine direction in the lower ris ht-hand sector. The opticel axis
of the telescope is horizontal when the vertical dial reuding is

00-90°, The sum of the readinges with CR and CL should be 1800.

otherwise it indicntes that Mz is not zero.
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Frg. =, Oiagrem of vertica) ccall arrgn e nt

10, Zorrection of collirution error
Collimation er: r {= de*ermined in t'e veual way:
cispla . on* of th. . .t:cule rmountine 3a corrected, w..en this

“

is done tue graticule sdjuatireg ccrews chould not b

e *turned %too
far . ar t avoid «*rai- vhich could al%ter t:» collirs+*ion error.
ren the collirmatirn errcr hae Yeer corrected checy at tie

Fraricele dettims 1 mo¥ disturted wela® .veE o .- plEicaet:

. JC, Crnecviri- t,e trive]l of thre
focuaninr lors

Incorrect truvel of ti focuari-r lenr crunea an errocr vhicCh
is ecuivalent in «ffec, ‘0 telecco v colliraution error. “ne
magnitude of tlhis error 4n i{+%rrired in the followine way: tue
telescore s firec* aired at a rero*e roint, yreferably or tie

horizon, ard %'.en tne rountine of the fozussire lens will he cl ee
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to one extreme nosition. The tube is then aimed at a scale which
is at a distance of 5-6 nretres from the theodolite, and then the

focussing lene mounting will be close to the other extreme position.

Then transit the tube througn the zenith and repeat the procedure.
The difference between the recdings (with the two psoitions
cf the turntable) on the remote point (CL1 - CR, = 231) and on
the scale (CL, - Ck,; = 2c,) gives twice the error of travel of thLe
focussing lens
2 = 2c5 = 2¢c4 .

The error can be corrected only in the workshop or at the works.

21. Checking the eccentricity of dial
and alidade

The eccentricity of dial and slidude is determined from the

difference between micrometer readincs when diametrically oprosite

gra uvations are made to coincide and when one of them is made to

coincicde with the micrometer index. Eccentricity can be zorrected
only in the workshop or the factory. The procedure for determining

the eccentricity is described in the special literusature.®

22. ChecV%ing the run of the microscopes

The mognitude of the run is determined in thLe following way:°®

make the zero mur¥k on the seconds disc coincide with the index of

* Ch.Yu. Vitozhents. Methods of invertipating ortical

theHydolites, Momrcow, 1047,

bl Instructior for firet-class triangulation, 3rd edition,

Moscow, Geodenir~det, 1030,
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micrometer; ma'-e i~apes of diarctrically oprosite rracduations of
*ne diac coircide Ly turni: s <he ~djuetin., screw of the hor:zontal
diu’ awlilqte; d arlace tie irac-m of tue difc fradunticre Ly one
division urn*. 1 . aln the d!{ imutricully ortocite 1 .'u«'ions arain
(& ORI OXE SRS G OR L2 Wkt Bl T s o o) I @ I ol o

T.e re.ci'y on tue peconde dime should 1 - he 60, iIf it is

©ore cr lercs tnan 60 tien run g trecerst ard thifs can be corrected

orly in tue workshop or at tlie factory.

23. Ilnvestigation of the optical
micrometer

Investigation of systemsatic err.rs of the optical micrometer

To mave *he investivation, measure 4 cmall angle with the
*reodolite, mave the reasurement a whole number of times within
“ie range of the conrlete arsle of the seconds disc of the optical
m.cr meter,

In the process of reapuring tue angle tie imuages of the same
yraduastion lines of the horizontsl dia) are rade to coincide;
Letweer pettiners reset tie dial in such 8 way tna' when tre
velescore i8 brought up from the left- or right-hand ride the
micrometer readinrs differ by 15 divisions «f tre seconds dircc.
“ltorether, four forwnrd and four reverse moverernte ure nade in
four sett . nggo,

~y+e the micrometer readines und work out the results of the

~easurenent by the nrocedure dercribed in the Irstructions on

Trianculation, Clarces 1,2,3 and 4 (1055 edition, p.100).

Take thre mean value of v of the four readings obtained at

sacn eettin, it should not exceed ore second.

¥
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During the production of theodolite OT-02 under works
laboratory conditions, systematic errors of the optical micrometer
are examined by the collimator graticule with a scale division of
the order of 11 seconds per division of the seconds disc.

Determination of errors of coincidence of dial pgraduation images

Errors of coincidence depend mainly on the experience of the
observer snd, ti.ere‘ore, cannot always be a*ttributed to defects in
the theodolite. DJetermine the error of coincidence of images of
calitration lines on the dial with various settings of the
horizontal and vertical disl alidndes, using two coincidences for
each and record tie differences between the corresponding micrometer
readines. TLe order in which the readings sre taven and the method

of working them out are given in the lnstructions on Triargulation,

Clasres 1,2,% and 4 (1955 edition, p.101).

The standard error of a single coincidence of imuges of
graduation lines in theodolite CT-02 should not exceed 0.3 seconds
for the horizontal disl microscore or 0.6 seconds for the vertical
disl microscore.

Determination of backlash in tie optical micrometer

Backlash in the optical micrometer is determined with various
settings of the horizontal disl. Make the images of the lines
coincide twice: once when the seconds disc is rotated clockwise
ard once counter-clockwise.

Petween individual settings turn t:ie alidsde through 15
degreea and the seconds disc through 5 seconds. Tue mean of the
differernce 'right mirus left' characterises the systematic part of
the optical micrometer bac-lasl and *he standard error of the mean

difference characterises the error of determination. In theodolite
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C7-02 individual 'rirht ninus left' cif’erernces sho.ld te fron
-1 second %o +1 second. The orcer in whic! the re.cdirngs are tuken

ard the me‘l,od of wor“ire trhem out nre ,siver in the Instruction on

Trianrulation, Clasces 1,2,% and 4 (7055 edition, p."02).

24, Investi,~ation of to*tul diure‘er
errors of horizontal dixd

The total diameter err re of %te horirzontel céisl of theodolite

CT=-02 determined ty the re<hod proposed by S.1. Xliseyev, by
measuring the angle teteer *wo collim tores; *he determinution is

: , 0
repe.ted after major overnaul. Examine *the dial at in‘ervels of 32

. 0 .
ard meusure anglec of 26, 45 and 0" 4 inarvidual eecries at

different rlace=s or the dial.

© {ircludesg

For example, t:e firct gserice for the rg_ 26
. - o
measurerents rade with initianl seteirsg of ¢, 36, 72, 10 and 44

The angles are measured with the followir: ini*isl settings.

Angle 360 Angle &40 Angie €09

00 + e S 0 v
0 o e LI v T

120 « o I e 1209

1240 V] 1350 ¢

1667 v

where the vi:lue of ¢ 18 0;%;¢;9:,...177.

Thus the prograrme of mearurerent of each sngle includes 6C
secrier. Two angle me.cre-ents nre rnuace for each settiny of the
disl. The meunurements of a rarticulur series are made in the

ordinary way, continuouslv, one after another: one series is rade
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firet in the direction indicated and then the second series in

the reverse sequence.

Determine the mean value of the measured angle C for each

series. For instance, for C =~ 60 degrees v»a= 3 degrees

C = A|+A13+Ala_

where A3 48 the value of the angle C measured with the initial

setting of 30 etc. The following differences are also calculated

By=C— A, P =C—Aq Pin=C—An

The index '6' indicates how many times the angle C 18 laid
out round the circumference. The differences 1 which are
obtained are used with the corresponding formulae to determine the
diameter correction ¢ . This correction is the mean of the
diameter ccrrection corresponding to the graduation ¢ and the

adjacent gradustion.

1. w'® — —21‘0,— l",+.+l“,+,.+21“’+,“
’ 5
2. .,o'=—2"v—’9+u+l'9+m
4
K =_21.'-,.'*“b
y 3

i, +o'yim + ""m + ..rﬂo.+'.o+lu

4 %“m,: 5

5. .IO"=.’N' + "% 100+ ©' %41

6. w®, =0,40!% 4 044! 4 0,60+ 0,6w'*y

7. 0t = 0l + 0l sy F 0l W + 0l
15
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B wory =2 r F 5 0cut 9 Tg0s0 + %01

2

a,o

The control formulae 8are as follows.

Tw!® Twly = Iw®, == I(3) =C

Tue total diamet~ r errors of optical theodol.te dials type

CT-02 rfhould not exceed :1".5.

25. Investiration of ehort rteriod errors
of division of the horizontal dial of
tneodolite OT-072
More detriled invertigation of dials indicnatesthat diameter
errors which lie within te ! .:1.7es letw-en which determinations are
made vary in a jp-riodic rarner, with a je:r10d which 1¢ chorter than
the irterval het.een diarc'ers irveatignted, Tierefore, these
errcrg 8nd thelr periodicity carrot te determired if the dial
diameters are investirated over a comyjaratively large intervel
(5, » or 10‘. Frran of thie Vind Are called short reriod errors.
Ry the errcr of «n interval tetweern adjacent graduations on
the dial we meun the d.“ference bLetween “he numinsl end tr.ue
vauluea, Short ;eriol err.rs result .rom errors in tle guide screw

of tne dividin- rachine and also from ircorrect c.ttiny of thLe

thrends. Thie latter ies rarticularly dmrortant in gradunting

10



metal dials. In investigating optical theodolite OT-02 attentlion
nust be directed to the order of setting of the alidade., For
example, in order to meassure the intervals 0°0'-0°"' and
180°0'-180% by means of the optical micrometer, set the seconds
disc of the micrometer to zero and make the diametrically opposite
lines of 0% ' and 120% ' coincide approximstely by turning the
slidade, then tave readings., The short-period error ehouid not

exceed +1.5". The mequence in which readinge should bLe made ¢nd

the rethod of working them eut are given in tue Instructions on

Triangulation, Classes 1,2,3 and 4 (1955 edition, p.113).
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Charter 4
CH"CKEING CF T:!!pCDOLITE CT-02 DUKLING
MANUPACTURE AND RETAIR
26, Fitting t..e horizontal dial

The rrocess of firoY wearnn: tly 'nd ndjustrent of an optical
theodolite includer: fittine of *Le horircontnl dial, fitting of
the vertic-l dial, asser 'l and adjustrent of %: e telescope
otjective, adjustre t of “he optical ricrometer, adjustment of the
reading micrometer prism, asadjustment of t(ne optical system of the
rorizontal dial rcicroscore, cneckinr “Lat the teclescope horizontal

xis is perpendicular to the v-:tical uxis of tihe tieodolite,
tdiusting the op‘ical system of trne vertical dial ricroscoype,
fittin of the dioptric ring, fitting of tlLe ¢raticule, determinatidn
of Mz of the vertical dial, chuecking tie collirution error.

When the dis)l is fitted {1t is centered orn %he di1al-buah
relative to the vertical axis of tie ins“rumen*. with tre following
corditions that the eccentricitry of trnie jorizontnl <ial should not
exceed 10" and of the alidnéde 20",

A cdevice which is used tr centre the dials {8 {llustruted in
Fig.9. The daise-pla*e ic gupported on three levelling screws and
carries two base-blocve, ‘n eanch bace-block there is s microrcorpe
urright ard the microscope cuan be noved radially or verticully by

recr and pirion. The microscore urrirchtas are set on a strsl ‘Lt line



which passes through the centre of the device. The knod 'a’' is
turned to drive the microscopes racdially sesnd the knodb 'b' 4is turned
to drive them vertically. The microscopes are provided with
cicrometers. The grasduations on the diale are illumirated by lemps
ir the holder 'c'. Specisl screws 'd' with edbonite tips are used
to drive the horizontal dial. To centre the horizontal dial the
vertical axis of the instrument is set up on the device sLown in
Pig.9 by four screws. A separator is fitted to the axis anrd balls
are vpoured ln quickly. Then the vertical axis main bearing is
connected to tue dial bush by a speclal ring and half-ring which

run in the dial bush.
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Flg. 9. Spectal device for fitting the horrzonts) dial of theodo!tte 0102
0 - vpright drive knod; b - a‘croscnpe drive knod; ¢ - lighting fitting: 4 - dia) feed screv
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Pirst. of ull tue dial is8 fitted on the disl tueh and fixed
witt, four cl.. <. Ther tue verticnl uxis rnein tearing ard dial tush
with dial are fi*ted on the axis, the clamr is fitted on the vertical

h

ax.8 guln tenrine 814 connected tc the base rlate of the device. In

tols wuy, the disl btush apd dfal can be turned relctive to the
vertical axis main beurine.

The nicroscopes are ‘ocursed to give shuart resdines of the
‘riduatiors ard *.en *he lal itself is crntered by turning the dial
tianh with e dial relative t the verticul axis rmain tearing and
otecervine irn the microscornes which ure fi‘ted wit: micrometers.

Tne ciul ia displucecd with resrect to the dial bush by means of the
erecinl screws 'd'., Tue centering adjustmer.t is continued unti

t:e eccentricity of the horizortsl diasl 18 not grester tuan 10"

nrd of the alidades 20". Cnly tien in tne disl finully f:xed to
e eleeve with the four clu ps. 21 t:e 1isl is being fixed, to
nvoid deforming it, it is c..ecked for flatness by applying an
ontically flat test glars to the clamps and exanining the inter-
ference pattern; the number of interference rings N should be
not greater thar 1-1.5,

Tne eccentricity of the ulidades 18 checked on the same
device by releasing the clamp which fixes the verticul axis main
tenring and turning this bearine witi, the dial bush about the
vertieal axis., If the wccorntiicits is too great, for instance, by
°N=30", tnen under field conditior.s the dial can be centered without

removing it from tue instrument. For this purpose, the fixing

rlate witrn levelling screws is removed from the currier and so 1is

14



the carrier base which carries the prism 17 and condenser 18 (Pig.3)
The theodolite is then set upside down on a wooden stand (see
"{g.24). The gear ¥nodb arsembly and protective cover 5 (Pig.1)

are then rdmovod from the carrier, The clamping screws of the
casing which fixes tre dial screws are reasched through holes in the
carrier. These screws are removed and the diul pmcrews are slightly
loosened, the dial |s displaced in the recuired direction whilst
ander observation in the readiny microscope. To avoid eccentricity
the dial 18 fixed with the pscrews and provided tiat the dial hus
not teen dinplaced the dial screws are finully mecured to the
special casings witn the clamping screws, by access throigh holes
ir. the carrier. After this the gesr knob asserbly with protective
cover and the carrier base with levelling screws are acrembled «n

tl.e curricr.

27. Pitting of vertical disl

T.e turntable hearing mounting i3 set up on the device shown
in Pig.70. Ti.e vertical dial is first fi%ted in the verticsl
turntable housing in such a way tha* diametrically opposite
gradu. tions (°0 - 000) nnrear tirouyh the centres of the holes in
the vertical turntable housing. This rudbsecuently simplifies
location of the zerit’i of the verticsnl disl. Then tune turntable
teuring is placed in the vertical turntable housing and the entire
assembly is set up on the fitting shown in Pig.10.

The microscopes are focumssed on the graduations and the
vertical dial is centered by displacing it relative to the centre

line of the turntable bearing in the vertical turntable houeing.
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The verticel dial 4r displaced with a wooden rod, its eccentricity
ghould not exceed 2C"., /,fter centering tne verticul dial t.e spring

wachr ie firallv clam-ed witu ecrews, ‘.

e
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Fig, 7. Scecial device for fitting the vertical dial of theodolite 2102

2R, Ancerbly and adjustrent aof the
“eleacope objective

The process of adjustment of e five lens tele-objec-ive of
the telescope systen consic*s in cureful centerin~ ard accurate
fitting of the actual oblrctive lensea (t.e first three lenses) ut
a certain distarce snpart. T.e obiective murt te apgerbled eorc
adiusted in such a vaxvy that ticar recuirerents ure rmet, Tie alr
gape between tie lenscs of tue nctual orjent ve are set n tre

centre line of the gystem hy urrrorri %1y locutineg tlie coordinate

16,




points of the system.

Let us deterrine ths influence on the equivaient focal
length of alteration in the distances (or air gapse) between lenses
of the actual objective., Por simplicity . - wtier the case when
two combined systems have a cormon cen'.. e, Plg.,11,

It is known, from geometric optics, that the rear equivalent

focal length is:

and the optical interval

d=d-[' 4/,

80 that
v
r=p2isa (1)

Prom equation (1) we Zind the rela‘*ionship between the rear

equivalent focal length ' &and the distance between lenses 4 .

Formula (1) ismodified somewhat in order to determine ‘he effect on

f' of a change of 4

I+ =Sd= Sy

Dividing both halves of the equation dy f' we have

f1+/'t“',“}"'=‘- (2)
Differentiating, we obtain:
o_or
32 jl]'i.
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whence

(3)

d/'n]%.,’ ad.

Prom formula (3) we can determine the change in the rear
equivalent focal length as a function of change in the distance
between lenses (or air gap). Since the quantities ', f% and
2
in the form:

are constant for the given system, formula (3) may be written

9f' = k-dd, ) (&)

where

rxek=7§,.
1/ s

If the actual otjective has three lenses, first find by
formula (1) the rear equivsolent focal length of tihe first two lennes
and solve the roblems of focussing the first two lenses. Then
solve the same problem f>r the system of a lens which is equivalent
to the firmat two together with the third lens. By way of checr the
actual objective 18 checved for focus and quality of image.

If the data required for the calculation are asvailable the
processof setting the air gaps between theo lenses of the actual
rbjective(on the system and centre line) is curried out in the
following way. Lens 3 - 00, the spucer ring 3 - 91, and the lens
3 _ 02 are inperted into the objective mounting (Fig.12). The

thickness D is measured on the obilective centre-iine, using a

2
rrecision spherumeter cr a universal microscope. As the thicknesses
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of *he lenses 3 - "0 nd X - Q2 are ¥nown we  muy culculate the

alr vap b2 =D, - (d? + d,). The calc:lated air rap of 4,046

eives the neceassry thic¥nessc of the rirpg 3 - 91, und d,, d§ nnd
O, Aare rneagured to an a~curnecy of 0,000 nm, If b? is8 Freater tinn
C

4,46, *urn down the sracer rine 7 - 01 and tc rmeur re aruin tear

in mind thu% the ~aximir tolerance on %he sir «~aur is 0,009 mm.

AR LY

290290180 F._,
“L

Fig, 12, 2nd and 2rd te'escope objective Flg. 13, 1ot nt Jrs *oloscope objective
lenses 1r ro.nting bee 2 imeLurting

&é’l

Th—q—-
\

Havinc reasured the air pap betw.en the lenses 5 - 90 ard
3 =« @2, remove the lenpseg from the mounting an' cet tie w#ir gan
b, (Pig.1%). The spacer ring 3 - 01, the lens 7 - 72, tin srucer
ring 3 - 93, und t.e leng 7 - QU4 gre iraerted {'to the rountire¢, tue
quantity DAl is meansgured and the air gun 1a calculated as

b, = D, - (d1 + dp). Tue coleculat d wir gar of 1.22 + 0.02 is

1

obtuined by turrine down the sentine of rirg 7 - ©2 under tne lens

7 -04, d 4, and D, are ressured to within O &S g,

'

1

An image of rood cunlity 15 oh'ained when the reuwsired and

calculuted valuer of *he nir gars are {n a-reerent, Spocial



Fig. 15. Tst ant 2nd objective lonses

19, 14, 2nd and Jr¢ objective lenses in sgectal housing

in spectal housing
1 « housing; 7 - rohinin? ring; J
sgacor ring. & - spacer r nq;”g -
5

1 . housing; 2 - retaining ring, ;d
jective Tens, & - I3t objective foun.

l.
pacqr ring, & - 3rd odjective lens;
g - 306 objcctive lens,

alals —re - pn-:-s

Fig, 16, Optical banch t'~ : I
L] LY ‘r ’ "" .; -

2 ‘l , a .'\ . Ll , b
zd-l n&uwuquLi

91



housings (Figs. 14,15) are used for convenience in reasuring the
sir raps. When the lenrnes Liuve bnnn fitted the mounting snd tho
actual objective asscubly are screwed into the telescope. The
telescope is set up in a stund on ar ortical tench (rig.16), tle
jrnpe of a rolirt locaed ut the focun of the o limutcr of the
opticn) hench 1s obtcerved in the *‘elec:orvn ard the cpticul sys enm
of *..e telescore {a centered by rotu*in. the lconres cf the uvctual
tdective relutive to ore anot*lier, Cn relocussi-y the imuge of the
point should sr:cer 88 a true circle, and this can be achieved
provided that the parts have been made within tolerance.

After the telescone optical esystem has ter: centered &
mirror 1 fi1 ted at the collimantor foucus. The resolvirg capucity
of t:e telerce, e objective 1s deternined by looving into tue
telescore throvrh the ccllimitor. In 'thte centre of the field this
rerolvings copocity raould Ly not prenter than 2,5". The imuge given
ty tue telescore objec ive ch.ou’d be sharp over two-thirds of the
field of visior und tie focurairg comjonent of the objective should
rove cmo thly.

In adjunt . ng the telescore obhjective it should be borne in
mirnd that pirallax is one of the defects of escerbly and adjustment

of instrument ortical eveters,

larollaux is the effect which is observed when the eye is

displaced from one side of the lenes to the other and the imare of the

object seen in the opticul system moves relative to the cross cn the

grnticule.

Tursllax occurer b cuuse in the optical asystem of the

instrument the focal plane of the objective does n.t coincide with



N Fig. 15. Yst and 2p0d objective Yerses
Fig. 14, f:dssgg'gwhgﬁﬁsln lenses ¢ I s;:cu? hguling
1 - housing; 2 - retaining ring; 3 -
1 - housing; 2 - retaining ring; 3 « spacer ring: 4 - spacer ring; ? - Ind
;D“xd’:g")éc:‘;.3{‘:“;’“"“" Tons; . ogjcctlvo"?ens; b - fs! o:l:jgct ve iens,

fn ) N‘-ﬂ'ﬁ PFA.‘E
e BT

t e .'3-'-
. e v o» 5,

\ ' ’.I'o'-‘j t
wviad divwarw W/

Fig, 16, Optical bench
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that of the graticule. when parallax exceeds a certain amount it

begins to have an important influence on the accuracy of observation.
Parallex is easily avoided in telescopes with external focussing
because the eoyepiece and graticule topether can be moved along the
optical axis of the objinctive,

It is more difficult to correct parallax in telescopes with
internal focussinz because the distance between the actual
objective and the graticule is constant. In this casge, parsllax 1is
corrected by sltering the distance between the actual objective and
the graticule, For exumple, in the telescope of theodolite 0T-02
this distance is altered by adjusting the spacer rirgs in the
graticule mounting. llere, tolerances can only be positive.

To adjust the telescope it is necessary to know the
relationship between the parallax angle a and the parallax
dirplacement P along the tube axis. Suprose that W 41is the tube
eyepliece (Fig.1?7), 2 is the position of the outlet iris. The
rraticule cross is at the focus of the eyepiece O' . Suppose that
the sctual image given by the teluscope objective (not shown on the
figure) is observed not at the point O' but at the point L', so
thet it is displaced by an amount p . An observer whose eye is at
the centre of *he iris (position Q1) sees the ima-es of the points
K' and O' covering one another on the centre line. If the eye
is then moved to position Q2 at the edge of the iris, since the
point C" 1is at infiniivy and K" 1is at a certain distance the
observer would sce thess two points on ttie lines MNC" und MK"
between which thcre is a certain angle o« which is termed the

parallax ancle. Tarsllax is usually consideredto be negative if
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K' 18 in front of the focus O' (from the observcr's side) and

positive if K' 18 behind O' . Let'us determine the effect of

altering the parallax displacement p on the parallax angle a .

From the triangle MNK" we have:

(D+08) ga=r,
where r 18 the rsadius of the ‘'iris’

D=0K", b=0O,N.

But since the angle a 1is very small and D 48 great we may

neglect b. Then

= ___Da*
f—D‘gl——Q—OGQGS—
(5)
But from Newton's formula we have
D.-P=,
(6)

where f is the focal length of the eyeplece and p 1s the parallax

displacement.

From formula (5) we find:

DI=fid 0N
‘ (7)
ard from formula (€)
=L 8
D=1 (8)

Hhs



‘"hus
Vol _r 206 ?65ﬂ

p ‘~ [)
whenco

Y AL (9)
P=.506205

Aocimilar formula was civen 'y Molinovs¥iy in tlie journal Pevue

d'"rtigle, ho A, 1930, Ecuntion (Q) must be differentinted to

deternine the effect of altering tue puarullux displucoerent p on
ttie purallax angle a« . Since f and r are constant for a given

ayctem we huve:

IV AR o
re” r-206 205
Then
p=h-a
or
=l
=z r

Differentiating, we obtain:

da ::—lk- dp.

(10)

Formula (10) cun be used to determine the change in parallax angle
o which results from chance in the parallayx disylacerent p . 1t
follows from equation (7) that if the anrle a is given a value

ecual to the resolvine cupucity of the eve we obtain tie ultinate

disrlucement | wh ch ir imperceptible to the eye,
When & 30", r= | mMn and [=10 ux
f'a _ 100-30

== . =——=0,015 M.
re 206205 1.206265

Ae may be seen from thie example, *‘he .ltimate rerallax

dirplocment §s cor:ara'ively rmall, Yeins rome Lundredths of &
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millimetre and, therefore, inadjusting the optical systems of

pight tubes with internal focussing it 18 necesrary accurate.y to
maintain the distance from the laat surfuce of the actual objective

to the telescope graticule.

29, Adjustment of the optical micrometer

Adjustment of the optical micrometer (see Fig.?7) includes
fitting of the components and assemblies and also laboratory
investigutions. The adjustment includes:

(1) fitting of the plane-parallel plates 25 (Pig.3%),
(2) fitting optical parts in the micrometer bridre,

(3) fitting the illuminating prism of the seconds disc,
(4) testing the optical micrometer.

(1) To fit the plane-parallel plates of ths opticul
micrometer the micrometer bridge with optical components (Pig.8)
is removed and the micrometer housing is screwed into the threaded
stand of a goniometer (Fig.19). Tae micrometer beuarirg 1s set on
the micrometer mounting with a plans-parallel plate secured to the
tase of the micrometer bearing. After the plane-parallel plates
have been fit+ted into the micrometer levers they are secured with
fixing screws and shellac.

(2) 1In order to fit tte optical parts in the micrometer
bridpe it is necessary to fit the prism 28 which transmite the
images of the disc graduations and the separating unit 26,27
(see Pig.3). The micrometer bridge is set up on a plane-parallel
plate which is placed, together with the autocollimator, on an

inspection plate. The autocollimation image from the pletes ie
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observed, ti.e micrometer bridre is broucht up and the prism 28
(Fig.3) i8 po fitted thnt it exit face 1: parullel to tie Luce of
the micrometer dbridire¢e. "he micrormeter trid ¢ in thien net in the
micrometer mo.n%ting to w.ich 8 srecial rounting with tue readiry

microscores ie fixed (U.p.0)),
i /
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The separating unit 1a set by observing through the measuring
microscopes. In order that the line of separation should be in the
middle of the diaphragm aperture (the frame) on the prism 28, this
prism must be moved perpemdicular to the base of the micrometer
bridge. After the prism 28 snd the separating unit have been set
they are locked in positfon.

(3) Tune 1lluminating prism of the seconds disc 34 is set
whilst observing in the reading microscope which is bheld in a special
mounting on the micrometer mounting (Pig.20). Whilst observing in
the reading microscope the prism 34 1ls set by meuns of the adjusting
screws 8o that the images of the graduations of the seconds disc are

syrmetrical with the diaphragms marked on the prisms 34 and 2&.
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Flg. 20, Reading sicroscope and optical sicrometer

1 - optical sicroseter; 2 - specta) mounting; J - reading sicroscope in vhich the graticule fs fitted.

After the 1lluminating prism has been set the seconds disc 1s set.
The micrometer knob is turned to the stor and, observirg in the
reading microscore, the scconds disc is set so that the micrometer
index is ap:roximately half-way te‘w:en the yrruduations numbered

O end 60, after which the seconds disc is clumped. 1If the
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rla-e-- rallel rluates of “he micrormeter are rursllel the reudings
or. ‘he recorcds disc should te about £75,

(+#) Tecting tie or'ic.l microme*er. The cam which drives
the lever pins 18 made in tiie form of an Archimedean screw; as
the caem 18 turned the angle of slope of the plane-=parullel rlates
is sltered.

~re rethod of study propoused by enpinecr U.I. Ulichkin was
to ressure e nrymles of rotation of the jlutes as 8 function of
tiue urcle of rotetion of the rur, using either o special fitting
(Fig.21) wh'ch 17 8 ¥ird of pouniometer, or else a preclsicn

Fsoniomreter,

-

Fig. 21, Special cevice for inspecting the optical micrometor
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The optical micrometer, which is connected to the reading
microscope by a tube, is screwed onto a threaded upright on the
stand. Observations asre made thLrough che reuding microecope end
the micrometer knodb is turned, eo moving the seconds disc and the
cam that the driving pins move the levers and slter the slope of
the plane-parallel plates of the micrometer.

Certain intervals are set on the seconds disc (Table 1) and
the angles cf rotution of the plates are meusured, whilst observing
in the autocollimation tube of the goniometer and reuding ‘rom the
dial cicroscope. Measurements of the increase in angle of rotation
of the plates made in this way are compared with cealculated values

in Table 1,

Calculated values of anqles of rotation of the plates Table 1

on different parts of the seconds disc

Intervals on seconds disc l Rotation of plates
0—3 0°27° 47°
50-100 027 48
100—150 027 49
150—-200 027 5
200—2%0 027 51
250— 300 027 52
J00—350 oM 83
350—400 027 54
400—4%0 027 55
450— 500 027 5
500—550 027 57
$$0— 600 027 5%
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The measured ancles chould not differ from the calculuted
ty more than orne minu*e. If the difference is greater the
micrometer moy be corrected by adjusting the spring, by lapping the

nxes of the lovere und +%he guicde prins or by replacirg the cam.

0. Fitting tle prism of the reuding
microcscope

Refore fittirg *he prism of the reading ricrocscove in the
irstrument it is neceacary to chec¥ the rountinge L the prisu,
Yecause tlie bace of the rounting chould be jarullel to tne seating
of *u~ prism a:d perpendiculur to the cylindrical encractirn. line
of the rournting. This condition .5 chiecvhed on & control (lute by
mears of an indicatirg micrrmeter and an orticnl onrle-reasuring
device. The prism ic then fi-ted in itr rievrtir- ord inserted inte
the *elescope cocvet by mears of a trended 1ountins,  An

autoccllimutcr is then set up «loneside e dnctroment (Fi0.02).
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Fig, 72, titting prisms of *n> rea*'nq microscope
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The prism is set in such a way that its inlet face is perpendicular
to the axis of rotation of the telescope und the outlet face is
symmetrical to the aperture for the tube of the reading microscope
and perpendicular to its axis.

To do this the reading microscope is replaced by a tuoe to
the end of which a plane-parallel plate is fixed. The prism and
mounting are observed in the autocollimator and unscrewed until the
light from the rrism coincides wicth that from the piane-paraliel
plate. The tube is turned und the image of the light from tne
inlet face of the prism is observed in the autocollimator. If the
prism i8 correctly set the position of the image should not alter
when the tube is turned.

Correct setting of the reading microscope prism ensures
that diamatricully opposite graduations on the diasls are uniformly
il1luminated and lie within the circle which is the image of the

working diameter ( f the objective of the reading microscope. The

illumination of the imares of the disc graduations should be
uniform over the entire field of vision with the tube in any

position.

31, Adjustment of the optical system
of the horizontal dial microscope

Adjustment of the horizontal dial microscore consists in

ad justing ‘he opticul syst:mn of the microscope objective after the

cptical systems of the readi‘ne microscope and of the micrometer

nave ulre idy been adjusted. The objective of the horizontal dial

microscope is first focussed so thiat tae dial graduutions appear
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chorp, by moving tte objec'ive in ‘he alidede prism mounting using
the serew nounting 1 (F ro”3) which is scivwed into the rentin~ of
the firct corrorent of tue objective when t. e mounting holeing the

rrism (24) t: teen remov:d (cce Fi¢.3),

Fig, 21, Screw manc-el for preventing run

) - outer casiny; / - plunger,

When a gtarp imnge of thte di.1 graduationa har been obtained,
the alidude jrisms are vceivs 4. T.e ltace plate urd levelling
ccrewg are removed froo t.e i :trument arnd 1% 1s then fi<tec irto a
stecial woscden stand (¥i¢. 4> uand for convenlence of adjustoert a
rpecinl fi°0 - with re i raicrescoye @ axv e use! (¥ ,D5,26),

Pefore adijusting thenm, *iLe dimnvnsions of * .« lidade jrisre
ar- chec ed, * ey are atcled dn jalrs a0 S SN Y4 o8 O A

ais L cultacy ©f the

>
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cementing tet reer tre 4VVorirator anc wlidade prisms, If tle
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