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P R E F A C E  

The last edition of this part  of the Handbook of Professional 
Instructions was printed in 1902 as P a r t  I of the Trigonometrical 
Handbook. The lapse of time, and especially the i11troducti011 of 
the Wild theoclolites, has caused i t  to  become out of date in ma.ny 
respects. Most of the changes in procedure now recorded have 
been introduced during the last 20 years by Dr. J. de Graaff Hunter, 
who has given me the benefit of his advice throughout, its prepara- 
tion. Captain G. H. Osmaston has also provided valuable criticisms 
as the result of his recent three years' experience of gcodetic 
triangulation. 

Where applicable, extracts have been freely made from t,he 
previous edition. 

G. BOMFORD. 
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GEODETIC TRIANGULATION 

SECTION I 

ARRANGEMENT OF TRIANGLES AND CONTROLS 

1. Definitions.-Triaiigulation is the process of ineasuring 
the angles of a chain or iletlwork of triangles forined by stlatioils 
marked on the surface of the grouiicl. If the length of one side 
(known as the base) is obtaiilecl by direct ineasurei~ent, i t  is clearly 
possible to  compute the leiigths of all the other sides. Further. if 
the position of one point (lruown as the origii~),  ancl the directlion 
of one sicle, are kilown with I-eference to some system of co-orcliiiates 
such as the ineridiai~s ailcl parallels of some inor? or less arbitrarily 
defined spheroid (apl3roxiinating to the sea-level surface), i t  is 
possible to calculate the  co-ordinates of all the o t h ~ r  points. 

Accordiiig to  its cluality, triangulatioil is kno\vn as primary, 
secondary, and tertiary 01 ininol.. I11 primary triangulation tlhe 
average triangular tilnroi will vary from about 0" :3 in the best 
work up to about 1".0. I11 seconclary triangulation i t  inay be as 
great as :3", but  the best secondary series are soi~~etiines hetter t h a i ~  
the worst primary. I11 t11~ Survey of Tildia, pi.iinary ant1 secoilrlary 
triangulation is termed geodetic autl is carried out by tlhc 
Geodetic Branch, whilch minor triang:.ulatiou is carrit~d out by the 
topographical parties. 

Except where otherwise stated, this 11ancll;oolr c1esci.ibes thc 
methods used i11 primatry triangulation. Seconc1ar~- triangulation is 
carried out in a similar innnner, except tha t  R smaller inst i~umei~t~ 
may be used, and the stanclal-ds may l~cl rc~laxcld according to 
circumstances. 

Minor triangulatioii is describecl in t l i t b  Handbook of Topo- 
graphy, Chapter 111. 

2. Objects.-The objects of primary t.riangulation are 
two :- 

( r r )  To caonstitute :I framework on which less 1,rt.cistl 
triangulation may he l~as~c l .  which in turn may form a 
framework for topogral3hical maps. 

( 1 ) )  To assist (in co~nl~iiiat,ioi~ ~vi th  ol~servations for height 
abovc sea-level, latitude. loilgitndc, ar/,imuth, gravity. etc.) 
in d ~ t c r i n i l ~ i i ~ g  thc i t  H I I ~  shal)(> of thth Ea r t l~ ,  the 
distrihutioi~ of mnttcr of ~~a l -y ing  (lcilsity within the Earth, 
and the r~lat~ioii  of such c1istril)ution to  the Earth's surface 
features : and to test the permanence or to measure the 
mobility of t,hose features. 
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3. System of chains.-For the  attaiillnent of both these 
objects the  tr iangulatioi~ of a large country will best take the 
form of series of t , r i ang l~s  forming a gricl or framework as shown 
in fig. I.  

These series will normally be straight, and customarily run 
north and south or east ailcl west, alt,hough this lat ter  conditioil is 
less a practical necessity than a relic of the  days when " Meridian 
Arcs " s e r e  the  oillg basis for  the  ii~vestigatioil Gf the  Earth's figure. 

The sirles of the  qumdrilaterals into which t , h ~  count,ry is so 
tlivicled arc (in India) gclnel.al1,~ I ) P ~ W P P I I  100 and 300 miles. 
W r  I P S  for t o o r 1 1 i c . l  r o e  the larger quad- 
~ * i l a t ~ r n l s  havch 1~he11, 01. \ \ r i l l  1,e. divitlerl l ) , ~  cdhaii~s of secondary 
triailglcls. so that  e>xc.rl)t ill f~ 'o~l t ie i '  areas a11 l)lnc.cls wllere a gootl 
t~pogra~phica l  inap is 1~c.rluirr~il will lie) within al3out 60 miles of 
qeorl~t~ic. triangula,tio~i. 

4. Bases and Laplace stations.--All  observations are 
liable to  error, with t h ~  rvsnlt! i h a t  the computccl p o ~ i t ~ i o l ~ s  of 
points a t  the far  th11d o f  :t sei'ies RSP llot 13~~14'~ct. 111  articular 
the trianqulntion tel~tls  to  :lccwnulatr errors of scale and azimuth, 
arisiri(r t'rorn the  fact tha t  thch Ieilgth alld azimuth of each side of 

3 
the  tr ia~lgulation are tlrrivetl f 1.om the lc11~t11 ancl azilnuth of the 
preceding side. Consc~qoc~ntly, altllough 21 siug-IP base will sufice for 
the  c o m p ~ t a t ~ i o ~ i  of  ally con tiiiuous system of t,riangulat,ioii, I I P V ~ I * -  

theless i t  is proper to cmitrol and check the accumulation of errol. 
by the provision of other 1)asc)s a t  appl-opriate intervals. Similarly 
i t  is possihl~,  and ~ c l ~ ~ a l l y  nchcbessary, t o  coi~t~rol the accu~iiulation of 
error ill azimuth by ast~.oi~oinical o b s ~ r v a t i o ~ ~ s  for azimuth (and 
lon,vit,ucle)*. Stlatioils a t  which azimuth is so ~ont~rollerl  are I~nowll 

5. Distance between controls.- The i n t ~ r v a l s  a t  which 
bases anrl La,plac~ statini~s should be introduc~cl rlepeild on inany 
factors. llamcly : -T11e ac.cn~.acy of  thc~ triai~gulat~ion, the  accuracy 
of base measurein~nt~ (incl~~clillg ~ ~ l e c ~ s s n r y  base extension), the 
accuracy of t,lic. aziinut,h c*oiltrol a t  La.plac~) slntiolis, t , h ~  lat'itudp 
(affecting azimnt'h cont,rol ollly), t,hv coml,aratliv~ cost of iinprovi~ig 
t,he quality of  the t r i a ~ ~ g u l a t i c , ~ ~  01' of provi(li11g- ext,ra coi~t~rols, aiitl 
on t,he inoncy, instrumcntw a1it1 l~e r so i in~ l  :~c.t,u:tlly available. With 
we11-co1~dit~iocl triaiigles, mea~o1.cd wit'l~ t h ~  highest aclcuracy the 
interval sllonlrl he hetw~c.11 2 0 0  and .iOO rnilcls, tlepcntling 011 t'he 
1engt.h~ o f  the basen. aurl o11 the i~vc~~.a.gc~ 1~11gt~l1 of tho sidm of  t h ~  
t,rianguIation (see B p t .  P a p ~ r  No. 1.1, 1:rotlr~x,1/. J .  (le Graaff Hunter). 

i\ simplp nst,ronomir:ll ot,qrrvntion for  nzirnlltlr is 1-iill1ed I)? t,Ji~ fact  th :~t  the 
locnl verticr.1, on n.111c.li t h e  levellinrr of t h c  i n ~ t r l l m e n t  tlepends, doccl 11ot coincide 
with the nornlal to the ~pI~t-rni(l of reference on which the compntntion~ are hn~ed .  
-1stronornical ob~ervntions for longitnrle, combined with the lonpitnde brought np by 
tlie triangnl~t~ion, tletermilie the r ~ q l ~ i r c d  ro l~~ponent  nf tho angle between the  local 
vertical and the spheroidal nnrnial :rnrl so c n ~ h i e  the azimuth observnt~ong t,n bc 
corrected. 
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If local conditions, such as exteilsive flat plains, enforce a deteriora- 
tioil in the accuracy of the triangulation, the coiltrols should be 
more frequei~t. Tlit* cstreme case of close control is t(l1e primary 
traverse, in which the triangles are all rcplaced by directly measured 
traverse legs, a i d  in which Ih? :~ziinuih shoulcl br cont,rolled a t  
about every 10 or 20 stations. 

6. No direct control of position.-It might a t  first 
sight appear that  astronomical observ:~tions of latitude a i d  longi- 
tude would provide a clieck on acc~unulated error of l~osition. But*, 
as regards triailgulatioil of lligll accuracy, t,l.is is ilot the case. Such 
observatioils are esseiltial to  the fnlfilinent of t811e objects of tthe 
triangulation [see para 2 (h)]  , but 'scept for the inclirect utility 
of the longitude observations a t  Laplace statioils they clo not 
control it. 

7. Triangles, q u a d r i l a t e r a l s ,  etc.- -Tlit) arraiigemeiit of 
the triangles of a series must be suited to the nntnrr of t'lle co~l i~ t ry .  
A series inay consist of siinlde triaiigles [fig. 2 ( a ) ] ,  of braced quadri- 
laterals [fig. 2 (b)], or of centered triangles. quadrilaterals, etc. 
[fig. 2 (c)]. Simple triai~gles genei'al1~- cover the o.rounc1 wit11 the least 

'? 
number of statioils ; the siting of stations is si~nljlifiecl by the ilecessity 
of seeing only four other stations instead of the five required in a 
series of braced quaclrilaterals; and thv lo~ig  cliagouals of the latter are 
avoided. 011 the other huiicl, siin1)le tiiangles do not give the chcck 
on the accuracy of the worlr, wliicll is 1)rovicled by inore coinl)lex 
figures, nor the ol~port~ui i ty  of avoicliug a triztilgle whicli bas turned 
out badly. I n  very flat co~mtr ,~ .  thc uvoiclancc~ of long cliagoilals 
lnay enforce R clioict~ between triailgles and crnterecl figures such as 
hexao*oas, ancl con~iclerat~ioiis oi' cost iiiay well result in the seleutioil 

P 
of siinple triangles. But in hilly country, esl~ecially when the 
hills run i11 l3arallel iiclges, i t  will often be nlmost as easy to lay out 
quadrilaterals as to lay out siml)lc~ ti'iaiigles. As :L general rule, 
ullains should bc coinprisc1d of  braced cli~aclrilat~i-als, except where 
circumstances inay iilalre all ocu:rsionnl siiiil~le trian(~.lr difficult to 

? 
avoid, or a more coiiiplex figure nio1.e uo~lveiiieiit. A11 ill-conditioned 
quadrilateral slloulcl not be preferrecl to a pair of well-conditioned 
triangles, but  in suuh n unsc : ts  the secontl cluacll.ilaternl of fig. 3 jb) 
the weak diagoilal slloultl be obsorved if possibltb, in orc1t.r to 13rovide 
an i~iclel)encl~nt ch(1cli. 

l(lenlly, siinpltl t,rin,l~gIes slloul(1 oclr~il:rto~~nl, (~uacli~ilrtterals 
should be square, :rnd all o t l i ~ r  fig11rt.s s110111(1 be r(y11Iar. 111 par- 
ticular, no rtilcvle m:ly bc sin:i11, ~vlii~11 in t l ~ ~  C O I ~ I ' S C ~  of coml~utat,ion -. 
will fall op1)ositc R, know11 sidc, fl-om whiclic~vclr ontl of the series the 
cornp~tat~ioils Inny btl bclg1111. In  siinplr trialigles, such a~lo.les should ". 
seldom, if ever, be less than 4A0, With qu~clrilaterals this will be 
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impossible but i t  shoulcl always be possible to  compute through a 
quadri1ater:tl by at, least one route involving no such angle of less 
h a  5 ' .  111 pentagolls aiicl hexagons etc. this limit should be 40". 

A series such as that  show11 in fig. 2 (d)  is very weak from the 
poilit of vie117 of carryiiig forward the leilgth of the sicles, although 
it is gootl for aziinuth, aii(1 will o f t t ~  be cheap and easy to  observe. 
If it can bch associated with :L closer interval between bases, i t  is 
111vbably tllr ideal lay-out in hillv country with dificult communica- 
tioils. I11 2111~ eoiisiherah~e exte~lsioii of t8he Illdial1 triangulation, 
suc.11 iLS a coili~ectioii with Europe through Persia, it may be desir- 
;~hle. to lay out figu1.r~ with this object in view. But  when, as a t  
preseiit (192!)), l~riinarj- triangulation in I n ~ l i a  taltes the form of 
comparatively sma811 euteilsions ancl adclit.ions to  the existiiig frame- 
work. and whru a nu~nber  of bases have alreacly been measured and 
t11ei.e is clificult\r in i~itrocluciiig new bases wherever they might 
othrrwise h a w  'beell thoo(rht advisable, then t'riangulation must 

D. 
conforin to tlit. stnlicla,~-(la laid clowi~ above. 

8. Acute angle sometimes permissible.-It must be 
notecl that  n triangle coiltaining a very acute angle which is not 
opposite a known siclr [e.g., the thircl t r ia~lgle  in fig. 2 ( a ) ]  is not 
weak f~moin the poiilt o f  view of cnrrving fforwttrd the leilgt,h of the 
sicles: noi- does it introcluce azi~nutil weitlaless uilless the short side 
is so short that  reas011al)le error ill centering will cause appreciable 
angular error, a coilclitioil which is likelv t'o be satisfied if the side is 
not ICES tban :I i n i l ~ s  loi~g. 0 1 1  the othrr  h a i d  such a t r ia i~gle  is 
wastei'al: it ii~volvrs th r  samo rxpc~nclitui~t~ of time ancl accumulatioll 
o f  ~ i ~ i - c ) ~ '  as ;in oi-dilii~i'y triallgle, whilo it malrrs little progress with 
thr  series. A series shoulcl only contail1 triaiigles of this shape 
wheii 1iecessai.y t o  surlnount 1~articulai. clificulties. 

Evr~n if  the short sitk is oiily a few h u n d i ~ d  yards lollg, 
aaiinuth can 1 ) ~  c*~i.1aircl forwal.cl tllrougli the lo~ ig  sicles only, ancl 
t h r  a i i g l ~ s  ol)l)osite t h t ~  sides shoulrl oilly Be user1 for determining 
their length ratios. 

Another casr of all acutr-angl~cl triangle is incferrecl to  in 
para 10. 

9. Lengths of sides.- A 1)riiti;~ry series should consist of 
tigi~rels as 1ai .g~ aH thtb f~a t i i res  o f  t he  c o u ~ ~ t r y  arl~nit  without 
i'ajscor ~ x t  rrlnr cliftic~lt~y of  c ,bstlrvatio~i, hy which arrangement the 
iiumhrr of statlions slid thcl probability of accumulation of error 
will 11v least. (~onside~ri~t io~is  of tlcoiloln y likt~wisc~ impose the same 
1-rst~.iction, i~~as inuch as tlltl arldition:~ 1 poilits r~quirtvl  for topogra- 
phical 11~trposrs call hcl ohtain~rl  a,t less cost 1.y mr:aiis of seconclary 
ancl millor triwngulatio~i, ill which accuinulatioi~ of  error is a less 
serious consicleration, the limits of illaccuracy being sufficiently 
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controlled by the primary t,riangulation. No general rnle can be 
applied with respect to the magnitude of triangles, which must 
necessarily vary with the confio.urat8ion of the country. I11 a) moun- 

9 
tainous count,ry i t  would be difficultl and injudicious t'o select small 
triangles, and in a flat country i t  is impossible to make large ones. 
I n  hilly couiltry 20 to 40 iniles is a conveilient clist,ance, and at. such 
clistailces helios and lainps call generally be seen wit'hout clifficu1t;v. 
In a level country such as Bengal t,lle most favourable lengt,h of side 
may be 10 miles or less, and 15 iniles will rarely be exccedecl. 

10. Grazing rays.-The accuracy of t~riangulat~ion depends 
entirely on bile assumptioil t,hat t'lle path of a ray of light coiltaiils 
no curvature in the horizontal pla,ne. It is we'll lknown tha t  all 
light passing through the atmosphere is curved in the vertical plane, 
on account of the change in t'he clensit,y of the air  with height'. 
Lateral ref ractioil (i. e., curvature in t,he horizont'al pla'ne) will only 
occur when the air density differs on either sicla of t , l~e  rav. Such 
coilditioils are clearly unlikely to persist for any leagth of time a t  a 
distance froin the ground, but, a ray grazing close t,o the grounci 
(particularly to  slopii~g grouilcl) will- be very liablr to  such dis- 
turbance. It, is not possible to  la'y down any permissible tolerance; 
i t  call only be statfed tha t  grazes inustl be avoidecl so far a,s is a t  all 
possible. A ray in which in t e i*~ i s ib i l i t~~  is o i~ ly  securecl a t  the hours 
of high refractmion, shoulcl not be aclmit.t8ed, slt,hough some such 
rays have been inclucleci in Iildiail primary series (see G. T. Vo1. 11, 
Appendix 111). Appeildix I gives two t~sa,mples c-)f t,he erinors causecl 
by grazes. Ill hilly co~ult'ry the avoiclailce of grazing rays should 
be a ma,t 'kr of no great clifficult,y, providecl stat.ions are placed on 
the tops of t'he highest hills, and proviclccl t,he sicles a,re not made 
unreasonably long. If a gra,zing ray' [AC in fig. 2 ( c ) ]  cannot be 
entirely avoided by a better lay-out', the 1-emedy is t,o place an ext'ra 
station near the point wllere t.lle (yrazc. occuins. 111 cases of doubt., . h  
such a stat'ioil shoulcl be built., visit8ecl bj- t l ~ e  observing 1 , ) a r t~  *, and 
observecl to from stations A ailel C. Thtb direc~t ray AC: shoulcl also 
be observeel. If t'he observations ailel t~ria,ng:.ula,r eri-or (see para 50) 
show tlhat t.11~ waze is Ila~rmless, t'he clii*ect. ray (:am be accepted and 

? 
the ext,ra st'at,ioi~ will have been unnc?cessa.rj-. But if the graze 
should prove to be serious, t'he observer will be spared tlie great 
delay of ret'urning aiicl re-observing. 

I11 flat count,ry, close grazes are unavoidable. Tliey call only . . 
be miiliinisecl by sh~r t~en ing  t,he sicks a,nd by raising t11e theoclolite 
on towars or trtlstles. 111 ally ca,se accuracy ~vill fall off, and closer 
base and azimut'll coilt,rol will be necessary. Altcrnat,ively, recourse 
]nay be had to primary traverse. 

- - --- - - - ~  ~ - -~ - - -- - ~ - - - - 

*The angle A B C  must bc accnrtitclg mexsi~red. I n  nt ld i t ion  to this, the ratio of 
BC to BA ruu~t be obtriinctl by an observatiou to 1) or K .  I f  CBA is nearly 18OC, this 
retlo is sufficiently well obtained by a rough ~ntel~section af D ur E. 
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It is important tha t  nil? ray mliicli is thought to  be liable to 
lateral refraction, shoultl for111 part  of sollie lay-out other than a series 
of simpltb t r i i~ i~gles  : i t  1 1 1 ~ ~  tl~th~l LIP possible clefii~itely to  attribute 
closing errors to  the weak a i ~ g l t ~ ,  i111d to  reject it,. 

11. Stations to be on tops of hills.-Uniess i t  is quite 
impossible, st1at8i~)i1s illllst ; t l ~ \ . i ~ y ~  1)e placed on the hiwhest point of 
a hill, and on the highest l~ i l l  of :I group. 111 com~t ry  with very large 
features t'lle secolld coil tlitio~ 1 inay hcl iiiaclinissible by reason of the 
distortion of the trinnglt~s w1lic.h woulcl result, or of the dispropor- 
tionate amount of 1aboi11- i~lvolved in reaching the highest peaks, 
but  as a general rrlir~ :I 1)i*iint-~ry statioil ellould be on the highest 
point witliii~ fivc' milrs. Brsicles i~icreasing the risk of grazing rays, 
lion-observance of this 1.ulrl will i*esult in consiclerable difficulties 
whe i~  other work is 1)eiilg l~ased on, or connectecl with, the primary 
series. 

12. Primary traverse.-Reference has bee11 made ill 

para -5 and para 10 to 1)rimai.y traverse as a substitute for triangu- 
lation in flat coiultry. The oilly traverse of this nature which has 
been cai-riecl out ill Iilclia llas been n seconclary traverse in the 
Pililjab (1908-OS)), ailcl ill the absence of experieilce rules callnot be 
laicl down. The followiiig is ail outliile of what will probably be 
foimcl to be the best procedure. 

Distailces will be measurrcl by invar wires in catenary; this is 
a, inethocl of great accuracy ancl fair- speed. Unless the traverse 
forms part  of a fairly clost~ i~ettvork i t  will pi.obably be desirable to 
measure the legs twice ovtlln, as a ~) rc~aut , iun  against nccidei~tal error. 
Aziinuth will 1)c~ carriecl forcva~*cl by sides as long as circumstances 
permit, ailgnlar meajsuincls 1)tliiig made) with :ill the care usually 
bestowecl on the ai~gleu of prima1.y triangles. I n  the absence of ally 
suitable ~ la tura l  elt~vatiunn or  h i ~ i l d i n ~ s ,  i t  will probably be best to 
observe from sinall l~ortohle towers i~buu t  10 feet high bunnountec~ 
by sigilals about 10 feet higher. Rays soine inilea in leiigtll 
shoulcl then be obtainablt. without clifficulty, ailcl azimuth carried 
forward with reasonable accuracy. Azimuth sllould be coiltrolled 
bv Laplace stations a t  intervals of about every 20 sicles. 

I t  is not, of course, necessary that the lines measurecl should 
coiricicle exactly with the straight lines loetween adjacent stations. 
They may cleviate soine clegrcles l>rovirlecl the clcviation is aclequately 
measured. Anrl if the station is 011 a bi~ilrliiig or ~tecap ground, the 
measuremclnt n'ecl not he carried up to t h o  ~ ta t~ io i i :  i t  may be 
terminated a t  a convenient point laicl off from the statioil a t  right 
angles to the ray. Reference may be made to  the U. 8. Coast 
and Geodetic Survey " Manual of First Orcler Traverse ". 
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SEC. I.] ARRANGEIIEST OF TRIAXQ~~ES 

13. Intersected points.-Intersected points are points to  
which observatio~~s have been ~nacle fro111 two or ]nore stations, but  
which have not been visited, ailcl whose fixing is i~n~na te r i a l  to the 
coiltinuity of the series. I11 minor triai~gulat~ion t'hey form t,he 
basis of ihhe plane-table survey, but this is not work which can be 
adequately or ecolloinically performed by the geodetic triangulators; 
and without special orders no iiltersectecl points should be fixed 
wit11 this object in view. l111ere are three classes of intersected 
points which shoultl be fixed by geocletic triangulators :- 

Fi~,stl~.-St,atioiis of  i i~ i~or t a l l t   nill lor 01' ex111oratory t r ia i~qu-  
lations 01- traverses which 1ii1r.o b(3r11 I ) ~ P V ~ O I I S I J -  carried out. The 
fixing of sue111 stntione, (11- e\-t.11 of their iiitei-sectcld l~oints ( if  w ~ l l  
defined), ei~ahles vnlunhle :~cl;iustinri~ts to btl made. Wllrlnever 
possible. c~onnect.ion shonltl ht. inacle wit11 atljacclnt pairs of stat'ions. 
t,o dett.r~niilcl t11~ scale ant1 a,ziniutll error :iccun~ulatecl in the olcl 
work. I t  is impel-taiit t h ;~ t  the itlentitv of olcl stat~ioiis sl~oulcl be 
well establislrr~l, ailrl that  tl~t) clryree~ :n;d rtxtel~t of any  doubt shoul~l 
be cleai~ly ststed. 

For the frequelicy of s ~ ~ e h  coi~nections, thth tria~iigulator sl~oulcl 
be gi~idecl by the 1)rillcipltk that nliiioi~ t i ~ i : ~ ~ ~ g u l a , t i o ~ ~  sl~ould. if 
possihlr, 11th ait:wllr(l to 1 ) t ~ t t ~ r  ~ O r l i  t l ~ t ~ ~ ~ y  50 01, 100 niilw. 

Ser:or,~,'l,q.-It may soinclti~i~cs 13th 1jossil)lc to fix int~rsectecl 
points ~vhich may be expectrcl to 1 ~ 1  11101.~ l)el*lnanent thnn the best 
coiistriicted tritt~igulntioi~ st,atiol~s. T ~ I P  fixing of sucli l~oilits is a 
lnatter of great iln])ortallc~ ill t~*niis-fl .oi~tic~ 01. luncivilised localities, 
wh~rcl t'l1e ii~habitants inar wilfullv clcst~~o\- the stations. Intersected 
poilrts of' tliis type shoblll also' l w  l)rori,lo(l ill intervisible pairs, 
suitable for the con~lectioii of future worli. 111 addit,ion to perma- 
neilcr, sl~arpiiess of tlctii~ition is of c*ou~.st~ nrcessnry; for a t,riangu- 
lat,oi~ will ulwa~.s 1)e ablr to 111ali(t use of satellite stations to 
connclct his wol-k to ail inac*cclssihl(~ ~ ) o i i ~ t  sllc.11 as the t,ol) of a t,einple. 
while a base consisti~ig of t \ro 11(~ :1 i~  :tilt1 unl~zarlietl roundecl hills 
will he of no  use t'o 1li11i. T11~ iilllnl~~i's of tllthse ii~t~ersectecl lmiilts 
will de1,entl on cil-cuinst;t~icc~s. 111 ~ - c ~ l l - ; l r l n i i ~ i i s t t ~ i ~ ~ c l  country where 
statioiis are caaretl for 11y tho 10(.:11 :~lltlioritit.s, their l~rovision is 
hatrclly ~lccess:lr,y. 111 such 1)I:icos ; IS  H:~luc.hist;lil or the North-West 
Froiltiel. they shonl(1 1 , ~  inolSc1 Jrllnlcbi*olis 111;111 t l i ~  1)i'ilnary st'at,ions. 
Thflir f r~quenc~y will ;~lso ( l ( ~ i ) ( ~ l ~ ( l  \ o l S ~ .  lnl-~y>l~.  011 ho\v Inany ssuitable 
points lwtlseilt tli~insc~lvc~s. 

'lll~irtJI~~.-Tlltb fixii~g 01' t l ~ c b  l)(l;~lis oi' tlist;ilit ~nountain ranges 
i n  c-onnt,ry whicll is politically 01. otll(bl'\vis(~ i l~ac~c~ssible.  requires 
accuracy of  observntio~l 1v11ivl1 is oi11!- l ikt~lr to 1)e acliieved 1)y 
g~o(let~io t~riangolntioil. Of ronrsc, vl11~- ~voll-ilefinrd pea,lts sllool(1 
11e observed. 
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Intersected points of the first and second of the above classes 
should be observed as a matter of course. Observatioils to points of 
the third class should not be undertaken without reference to the 
Direct'or, but the officer ill charge of the triangulatioa party should 
previously draw t'he Dire~t~or's at'tention to the possibility of this 
kincl of worli. 

The icle~~t~ification of intersected points is often a matter of 
some doubt, and for this reason they should be observed from 
a t  least three stations whenever possible, s . ~  that  a check is provided. 
The heights shoulcl be observed in all cases. 

14. Irregular expedients .-The geodetic triangulator is 
ordinari1,v dtblmr1.ecl from making use of the following expedients : - 

( n )  Satellite stations, except where unavoidable owing to 
the U R C ~  of t r ~ s t l ~ s  a n ~ l  masts (see para 9 2 ) ,  or to avoid 
grazi~ig rays. 

( h )  Pivot stations, i. e. uilvisitecl points whose fixing is 
essential to the continuity of the series. 

i f . )  Triailgles of whose angles only two have been observed. 
((7) R~sections of all lrinds. 
( ( 1 )  C'oli~~cbctioi~ through pairs of points whose mutual 

tlistancc is derivccl h v  co~nputat~ion from their latritjudes and 
Iongit ~u!tbs. i~lst t~ad oi from the usual solution of a triangle. 

15. Summary of subsequent sections.-The process of 
ti~ianqulntion i~ivc ) I  ves tllrcbe clist,inct sets of operations :- 

((0 Tlw I c~co~lliaissa~i~e of the series and the building of 
st:~tions. 

( h )  Thc observation of the :tngles. 
( r )  Thcl computations. 

Thescl process~s are clescriberl in tlhe subsequent sections of 
this haildbook. 



SECTION I1 

RECONNAISSANCE AND BUILDING OF STATIONS 

16. Separate detachment .-The work of reconnoitering 
and building the stations requires a less skilful officer and a smaller 
establishment than does the observation of the angles. It is conse- 
quently carried out by a separate detachment workin6 ahead of the 
observer. The recoililaissailce may be performed during the season 
preceding the observations, or, as is more usual, concurrently with 
observation but preceding i t  by a few stations. The advantages of 
reconnaissance during the previous year are that the observer runs 
little risk of being held up by delay in reconnaissance. On the 
other hand concurrent reconnaissance is generally more convenient 
from the administrative point of view; it avoids the risk of a 
change of programme postponing the observations until a later year 
when the jungle clearing will have to be repeated ; and in case of 
difficulty the officer iu charge of the reconnaissance is in closer 
touch with his officer in charge. Every triangulator would wish 
to have the reconnaissance coillpletecl during the preceding year, but 
in practice concurrent reconnaissance often has to be tolerated. 
The time by which the reconnaissance detachment must precede 
the observer depends on the nature of country, varying from a few 
weeks in bare hilly country to some months in flat forest country. 

Although i t  seldom calls for ~nuch technical skill, the recon- 
naissance is often more arduous t,han t,he observation of the angles, 
and is in many ways more difficult,, especially in forest,-covered 
country. Bad recoi~naissance will certainly delay tlhe observations, 
and will often vitiate their accuracy. 

17. Duties of reconnoitering detachment.-The duties 
of the officer in charge of the reconnaissance are : - 

(a)  To select stations ancl intersectecl points in cullfor- 
mity with paras i-11 and paras 19-14 of tlIlis handbook, 
amplified or modified by any s l ~ ~ c i a l  ii~structions which 
may have been to him. It will generally be possible 
for the officer in c h a r ~ e  to select Inally of the stations from 
the exist,inv maps, before field work commences. He 

7 will also give definite instructions regarding the types of 
figure to be preferred (triangles, quadrilaterals, ete.), the 
general length of side to be aimecl at, and the permissible limit 
for small angles. 



( h )  To identify the mark-stones of all old stations with 
which connection has to  be macle (see para SO). 

( c )  To verify beyond doubt t ha t  all necessary stations are 
intervisible, and tha t  the rays are not uncluly nor unnecessarily 
grazing:.. A close (.razing ray shoulcl be immediatelv reported h 
to tlle obsel'ver with full cletails, illustrated by sketches, 
describing the nearness of the graze, and what rearrangement 
of tlie series will be necessary to  avoid it. 

IIe should observe the angles of the series with a small 
theoclolite, ancl shoulcl report thein to  the observer before 
the latter makes the final olsservations. 

( ( 1 )  To clear long grass and j~ulgle  from around the 
stations. It is clesirable, and geiierally possible, to  clear 
tlle junqle a11 round, so as to  give a clear view in all 
clirtctinns. I11 very ~ C L : L V ~  jungle i t  will suffice to  clear the 
immediate iieigllbourhoc,cl of the station up to  a radius of 
(say) 1.; yai'cls. and beyoncl t'hat t o  clear sufficient only for 
the helios to  htb used a i  any t-ime of day on all the rays which 
have to  be obeervecl. 

( e )  To builcl all statioi~s in conformity with para 22 of 
this handbook, ancl to  hancl them over to  the local aut,hori- 
ties (para 26). 

Copies of the clescriptions of the statioi~s and auxiliary 
]narks will be sent to  flip observer for ~erificat~ion. 

( t ' )  To i ~ ~ f o r i n  tlie obst~rvcbr of the best route to  each 
statioii, nlld to  give hiln t l ~ c  f u l l ~ s t  iuformation about com- 
m~~nicat ions.  t'ransport, campiiig grounds, supplies and water. 

( ! I )  By a r ran ( r~~nenb  with the local authorities, and by his 
rn. 

tact  in tl~aling. :.vith them, to ensure tha t  they will readily 
offer supplitts, labour ai~cl assistance to  the observing party. 

(11)  To lcrtbl) ail accurate plane-table chart  of all tohe 
stations nn(1 i i ~ t c ~ r s ~ c t ~ ~ l  poiiits which ~ C I  s ~ l e c t ~ .  

( i )  To 1)~r fo rm all th(b above1 clutir\s in such good time 
that uncxpectecl cl~lrtps and tlifficulties, which will often occur, 
will not 1.clsult. ill c l ~ l a j  to the observing ppart,y. 

18. Composition o f  the d e t a c h m e n t . - T h e  reconnoiter- 
ing cletachmc.nt will g:.c~nerally consist, of an officer of the Class I1 or 
Upper Subortlinate Schrvice, with all ostab1ishmc)nt of about 15 
menials, inclutlin(. a couple of masons or hrivlc-layers. Jungle 

? 
clearing, path cutting ancl station builclii~g will bc! done by local 
labour under his clirrction. He should carry a small theodolite end 
two or three helios, and the squad should include men with some 



lrnowledge of helio work; in hazy weat,her or in flat country, the 
intervisibility of statioils call only be proved by showing a helio. 
The inclusion of a few inell with a linowledge of signalliilg is very 
desirable, although iloile exist ill the clepartinent a t  preseat. 

19. Method of reconna i s sance . -The  recoi~naissai~ce is 
carried out 011 a plane-table. If i t  is likely to be coinplicated or 
difficult, the plsne-table should he mounted wit11 n blue-on-white print, 
of the best a-i-ailable $ "  inap. The reconiloitei~ii~g :.officer will usually 
commeilce ~vorli  by visiting the previously fised stations on wliich 
the triangulat,ion is to  be based. Froin these stations 11e will cut 
in on the inap, and identify, not only the poiilts which have previously 
been selected as likely to be suitable, but'also ally other l~oiiits which 
inay possibly be required, either as stations or intersected points. 
He will make very full notes of what is visible and what is not 
visible, irrespective of whether the information appears lilcely to be 
of use or 11ot. H e  will next visit the l~oints ~vllicli see111 likely to 
make good forward stations and will follow the saine procedure 
there. If observatioil is proceecling cconc~irrei~tly with reconnais- 
sance, he will s tar t  builcliilg the pillar and l~latform, a i d  clearing 
the jungle, as sooil as a station is fairly defiiiitelj selected. The 
fixing of the upper inark-stone (para 24)  nus st be dolie under his 
supervision, but  the coii~pltlt~ion of the platforin and of the jung.1~- 

~10118 cleariilg may be left  to a i*eliable mtlnial : or, if coiumunic i '  
bad i t  inap be advisable to leave to the ohserver the f ixi i~g of t l i ~  
mark-stones, ancl the handing over of tllc stations. 

If rt~connaissance is being carric~cl out sufic.iently in aclvance of 
the observations, i t  will be b ~ t t e r  to select all the statioils first., and 
to return along the series, c~on~t ruc t~ i i~g  tlit.111 on the i9rtur1i jourii~y. 

The reconlloitcrillg officer ]nust 11e l~ai~tic.ulnl~ly careful not to let 
the series clegenerntr illto snlallrr and smnller fignres. If he antici- 
pates clificultics al~earl. 1 1 ~  mill do 1.c-ell, if timcl lwrniits, to go forward 
and discover t,hP solutmioll of t8hc~m before comnlittii~g l~i~nself  too far  
with the st,;ttiolls in rear, w]licli nlny nftor~a~rcls  havt. to he changer1 
in order t,o I I I P P ~  t l i ~  ~lifticulty. 

He should t ry to  splpct a t  1o;ist twice as many intel.sected 
points as t l lp  O ~ I S ( ~ ~ ~ V P I .  is ]i]<ply to use. HP s11(11iId  isi it (or send 
reliable m ~ i l i a ] ~  to) a]] olcl lllil~or st:it,iol~s which rclqnirc coui~~ct ion  : 

if t.hry r:rlmot lub m;rrlct.ll by oliaqo(. s ig~i i~ls ,  11e inllrt iirfol-m t l l ~  
obsrlGor thilt Il~Iios will 1 , ~  I I ~ ~ C P S S R ~ ~ .  

measure the a,ngl(>s. 



20. Good connection.-It is essent'ial that  the connectioil 
with the old worlr should be accurately established, i.e. the mark-stones 
or auxiliary ]narks of the olcl stations should be found undisturbed, 
or a t  least their original position should be identified within about 
a couple of inches. If sides are short even more accurately strict 
identification is necessary. If the olcl stations cannot be identi- 
fied the work must be based on some other stat.ions. Before taking 
trhe field the triangulator must obtain instruct'ions from the Director 
as to what action he sllould take if difficulty is found in estfab- 
lishing a connection. It will generally be necessary to persist until 
one is found. 

21. Well-built stations.-It is most important that the 
stations of geodetic t r ian~ulat ion should be marked by permanent 
structures, so that  the positiolls of the majority of them can be 
found and identified (if possible to within one inch) after an interval 
of 100 years. With this object in view the stations are carefully built 
according to  standarc1 pat'terns, ancl are handecl over to the local 
authorities, who report on their condition every year. Considera- 
tions of speed, economy or difficulty of access should not lessen the 
care which is given to the builrlii~g of the stations. The less 
accessible the site, the greater is the risk of destruction; and, if 
anything, the more care must be given to the original building. 

22. Types of stations.-The t'hree types of stations which 
have been most largely used in the Survey of India are (a)  Tower 
stations, (b) Trest'le stations ailcl (c) Hill stations. 

Tower stntion.9 are hollow brick towers sometimes 50 feet or 
more in height. They have been used for crossing the plains of 
India, and are described in G. T. Vol. I1 and in previous editlions of 
this handbook. I n  future work in similar country they would 
probably be replacecl Iny portable trestles, or triangulation might be 
replacecl by primary traverse. 

Trestle ~ t n f i o w s  may be made of local timber, or special 
portable trestles map be carried. It is desirable that the theodolite 
should be supportecl 011 a structure which is so far as possible 
independent of the structure on which the observer stancls. Descrip- 
tions of trestles built in 1874-75  for the South-East Coast Series, 
will be found in t'he General Report of the G. T. Survey for that 
year. The only portable trest,le hitherto used in t,hb Survey of 
India is the Hunter Tower. This trcst,lc weighs I ~ s s  t,han one ton, 
and can be erectecl to a height of GO feet in eight hours. The 
support of the t8heorlolite is not quite independent of the rest of the 
tower, but the connection is t,hrouph s system of stags and gimbals 
designed to minimise movements of the theodolite. It is illustrated 





Kularnangalam Station, Madura Series, 1010-17. 
L Height of instrument 84 feet. Height o f  faat.- 



and described in Records Vol. VII  and in fig. 3 of this handbook. 
It was used in the Madura and Bkgalkot jsecondary) Series in 1916- 
17, and in the Railgooil (primary) Series in 1926-27 (see Records 
Vol. X I  and Geodetic Report, Vol. 111). The triangular errors of 
triangles involving this trestle have never averaged less than one 
second, and i t  seems uillikely that  ailgles will ever be measured in 
India froin high trestles with the best priinarp accuracy. Never- 
theless, the triangulation call be accurately carded forward provided 
closer base and azimuth control is provided, and in flat country this 
will gei~erally be easy. 

Trestles a i d  portable towers have been extensively used in the 
United States Coast and Geodet'ic Survey, where t'heir use has 
resulted in rapid and iilexpeilsive work of fair accuracy, although 
not with triangular errors averaging much below one second. But 
in America trailsport is geilerally far  easier than in India, and 
skilled mechai~ical labour more easily obtained. (See U. S. Coast 
and Geodetic Survey Reconnni.ssccnc~ nlld Sigqznl Building, and see 
Bulletin Geodesique, April 1928, Aililexe 1 2, for reference to  the 
Bilby port'able tower). 

When, a portable trestle is inoved to ai~ot~her stlation, it will 
generally be ilecessary to provide a inast to carry the signal to  
which observations will be macle. A suitable stlructure is the 
Hunter portable inamst (see f i ~ .  3 : 2 . 1 ~ 0  Records Vol. X I  and Geodetic 
Report., Vol. 111). The inast is made in 10-foot sections, and it'can be 
raised to  100 or even 150 feet in a few 110urs. It can be used as an 
opaque signal by day, or a Ilelio may be directed from the ground 
to a mirror on top of t,llr mast (see '~eodet ic  Report, Vol. 111, page 
88, reproduced as Apppndix I1 to t'his I~andbook). A t  night a power- 
ful petrol lamp csn be I~oist~ed t'o the tlop. O~ving to difficulty 
i11 aligniilg t,he lamp, no reflector can be usecl, but the lamps were 
seen a t  a distance of 30 miles in the Ra,ngoon Series. 

The pielrets holding tilt. gu?s of t,hese masts must be very 
firmly fixed in the ground, as any give in the anchorage will c h a n g ~  
the centering-. Iiiacc~u.acy 2nd l~ossible inconst,ancy of ceiltering 
probably make i t  i inl~ossibl~ to at'tnin the highest precision of 
nligular measurem~nt  wit,ll t,hese ina.sts. 

The  sit^ of :L t,i-estle sintion must be pcrmancntly marked by a 
structlure similar to that mni-lri~ig a hill statioi~, as described below. 
It is ileithcr necessary 1101. possil)le to ~ c n t r e  ~i t ' l ler  lnast or t1resttle 
over tho p e r r n a ~ ~ e ~ l t  mark, but the c~n tc r ing  error must be accurately 
measured (dist,ancc and azimutli) so that coi.~.ect~ions can be rtppli~cl 
to the observed angles. 

Trest.les of local matel-ial will be built by t'he recol~noitering 



detachment. Portable t,restles will generally be erected by the 
observing detacllinent. 

Hi71 stations.-The hill station is the type of station most 
commoilly built, and which shoulcl seldom be departed from. 

Where the surface is composed of rock, a clot surrounded by a 
concentric circle is cnt on the solid rock in situ : otherwise, a large 
stone similarly marlced is buried in the ground. Over the mark a 
short cvlificlrical pillar of stroilg masonry is built, to a convenient 
height h o t  less thaii 1s inches, alrd of -10 inches diameter : on the 
upper surface of this pillar ailother mark-stone is inserted, and fixed 
truly vert'ically over the lower one:  a,n ii~t~ermediate mark-stone 
shoulcl also be einbeddecl in the pillar if i t  is 3 feet or more in 
height. A masonry wall 18 inches thiclc is built surrouncling this 
pillar, ancl separated :3 inches from it. Rouncl this wall is built a 
platform of earth ailcl st80nes. The dimeiisioils of tlhis platform 
should be at. least as 1arc.e as the ~bservat~ory tent, and i t  will 

? 
(renerally be founcl convenient to 1n:tke i t  somewhat larger ; 1 2  feet D 

x 12 feet will prove a suitable size. The annular space round the 
central pillar is for the purpose of i so la t i i i~  the in~t~ru inent  and 
preventing any sllnke causecl by t,he observt?r's movements ; i t  
shoulcl be fillecl in wit1h eart'll or loose snncl. The clistaiice between 
the two marlr-stoiies should be 1.ecorclec1, but  all measurements and 
observations should be 1.c)ferrecl to  the upper mark-stone, ancl are SO 

recorcltvl in the ang-IP l~oolis. 111 alluvial country where stone is 
scarce, i t  will be het'ter to mark the circle and dot,'on bricks, as flat 
dressetl stone is likely t:) he s t l o l c ~ ~  by t,llc~ inhabital~ts of such districts 
for cl~rnest~ic ptzrpos~s. This I~inrl of station is lciiow11 as Tgpe A, 
and shoulcl he built wh~iievcr a 12-inch thcorlolite is used. 

When a Wilt1 t,hc~odolitc is used the stlatioil shoulcl be as above 
but the pillar shoulrl lw o f  oi11y :10 inchr~s tlinmetcr. This t,ype is 
known as Type D. 

I11 secondary triailg~llaticm t l l ( b  18-ilic11 masonry wall may be 
clispensecl wit'll. Tgpe C. 

23. Auxiliary Marks.-At all geodetic t,riangulation 
stat'ioas three :~i~xi l iary marlis shoultl b~ p.ovitlc~d, by which the 
station may ht' ideniitic.11 if t l l r )  ol.igina1 marl< is lost. Each should 
cons i~ t  of :I triangle. with a, c r~ l t ra l  dot, dr1c.ply c u t  on solid rock if 
possible, or fail i iq this 011 l i ~ r g ~  s t o ~ l ~ s  ehml,c~ddoil in the ground. 
They shoulrl 1x1 1,etwcrbn 10 2nd -50 fwt  from the statiou. Their 
distances from the station ant1 from ~lacll other shorllcl hcl recorded 
to the nearest i~lc*h, ant1 the aiiqle a t  thc st,i~t,ion suhtenrlecl between 
each of them and Homeb other C:. T. st:~tioli, sho111~1 he mcatsunld to 
the n e a r ~ s t  few minutes, the theoclolite being rlirclctcd on to  them 
by means of its sight. 



The horizontal distances from t'he auxiliary marks to  the sta- 
tion are of most use if the station is de~t~royed. The most conve- 
nient way of obtaining them is by pointing the theodolite a t  
each in turn,  reading the vert'ical angles, and a t  the same time 
stretching a tape from the axis of the theodolite to  t,he mark. 

As a further precaution the circular pillars should be built 
carefully with the mark-stone as the centre; so tha t  if a large por- 
tion of the circuwference is found int8nci, t'he centre may be accept- 
ecl as the old statmion withi11 an inch or two. 

24. Centering o f  upper mark-stones.-Tlze method of 
adjusting inark-stones is as follows :-Let the exte~*nal part  of t'he 
platform be built up to  the iilteilclecl height of the upper mark, and 
place upoil i t  four lleavj- stones in such a inaniler that threads 
stretched diagonally be t~ -een  thein may intersect near t'he centre. 
Adjust these threacls to co1~resl)oncl with a plumb-line suspended 
over the lower mark, and when the coinciclence is complete, mark 
the four exterior stones by l~encil linrs, or lines scratched with a 
knife. Arrailgements must now be made for protecting t'llese stones, 
either by covering them over, or appointing a 111a11 to watch each, 
while the pillar in the centre is being built up nearly to  the level of 
the next mark-stone, whicll is the11 adjusted to correspond with the 
cross-threads, and fixecl i11 cement. 

25. Construction of protecting cairn.-When the last 
helio squad leaves the station they sl~oulcl erect over t'he pillar a well- 
built cairn of large stones, six feet' in diameter and six feet high. 
I11 country where no stoile exist,s, i t  must sufice to pile up a rather 
larger ino~ulcl of well-beaten earth or old bricks. IZltnlcisis should 
be instructed to inakc wcbll-shap~d, s~mmetr ical  cairns, centered 
over the station mark. Tllo necessary inaterials should be assembled 
near the statioil before thtl observing part,y leaves it, to ensure tha t  
an adequate cairn is evciltually erected. 

26. Handing over to local officials.-T1ie stations must 
be handed o v ~ r  to the lle;tdma~l or senior official of the village in 
whose lands i t  stands. Tlle t,raiisfcr fu r~ns  1, 2 and 3 Transfer 
are made out and sigllecl by the Snrvcy Ofiicol* and local officials. 
One copy will be kept by the latter, and the other two copies will 
be sent to the Director, (+c.otletic Brn~~c l l ,  who will keep one copy 
and send the other to t,he Dist,rict Otticcr in whose district the 
village lips. Tf t,Ile obstlrvcr is in the field, a copy should also be 
sent to him. 



S E C T I O N  I11 

O B S E R V A T I O N S  

27. Types of theodolite.-The theodolites now used for 
primary triangulation in the Survey of India are :- 

( l j  12-inch, two-microscope. 
(2) 1 2-inch, three-microscope. 
(3) Wild Precision, 54-inch. 

The 1%-inch theodolites have done work of the highest accuracy, 
ancl are well proved instruments. The Wild theodolite has great 
advantages over them in ease of observa,tion and transport, but has not 
yet (1929) been fully tried. It is hoped that  the 12-inch will never 
have to be used again, but this cannot be stated for certain, and 
rules for the use of both types of instrument are now given. 

The tn-o types of 12-inch theodolite differ only in the number 
of microscopes provided for reading the horizontal circle. In  the 
three-microscope theodolite, a change of face results in the micro- 
scopes covering a different part of the circle ; in the two-microscope 
theodolite i t  does not. With the same number of measures of each 
angle the former instrument will naturally give the greater accuracy, 
but the readings will of course take longer. On the whole there is 
little to choose between the t'wo types. 

An officer employed on primary triangulation may be presumed 
to be well acquainted with t'he construction of small theodolites as 
described in the Handboolr of Topography, Chapter 111, Appendix 1- 
Except for their weight and accuracy the 12-inch theodolites 
differ little from the small micrometer theodolites there described. 
The principal differences are the provision of a moving wire eye-piece 
micrometer, by which repeated intersections may be made if the 
mark is unsteady, and the use of a much heavier braced stand, which 
cannot be folded up. 

28. A d j u s t m e n t  of 12-inch theodolite.-The adjust- 
menta of a 12-inch theodolite are as follows:-They are described 
in detail in paras 29-38 ancl para 47. 

(a) Centering, and verificatiori of the plummet. 

( b )  Levelling, and adjustment of the levels. 

(c) Adjustment of the transit axis. 



Ssa. 111.1 O B ~ E E V A T I O Y ~  

(d )  Adjustment of the limb microscopes for :- 
(1) Distinct visioil of the moving wire. 
(2) Tangency to circle. 
(3)  No parallax between wires and image of circle. 
(4) Run. 
(6) Adjustment of comb zero. 
( 6 )  Zero reading on drum when zero of comb is bisected. 

( e )  AdjustIment of the telescope for:- 
( 1 )  Distinct visioil of the cross-wires. 
(2)  No parallax between cross-wires and image of a 

distant object. 
(3) Colliinatioii in azimuth. 
(4) Verticality of the vertical wires. 

(f) Collimation in altitude. 

(y) Determination of the value of one division of the 
eye-piece micrometer. 

(h) Deterinillation of t'he value of one divisioi~ of the 
bubbles. 

( i) Exaininatio~l for stiffness of bearings or looseness of 
joints, and adjustment of the vertical axis. 

When making adjustments i t  should be noted tha t  whenever a 
coarse adjustment has to be made, the correspoiidil~g fine adjustment 
should first be set to  the centre of it,s ~~111 ,  so tha t  it is left wit'h the 
greatest possible scope for inoveinent in either direction. 

29. Centering. -Centering is clone with the plummet. It 
shvuld always be carried out wit8l1 the greatest care, i.e., to within 
one tenth of an inch. With long rays such accuracy may appear to  
be unnecessary, but  with short rays i t  is necessary, and i t  is not 
difficult to  attain: moreover, i t  serves to impress the need of accuracy 
upon the menial establishment, who are responsible for centering 
the helios and lamps. 

Occasioiially i t  should be verified tha t  the point of suspension 
of the plummet lies in prolongation of the vertical axis of the 
theodolite. If i t  does not do SO, the poiilt of the pluinlnet will 
describe a small circle, when the theodolite is rotatecl. If the faul t  
exists i t  shonlcl bc rr.lncdied, oil if this is not, possible, the theodolite 
should he rotatpcl :tt each centering, n i ~ d  the centre of the circle 
clescribed shoultl be made to coiilcid(3 wit,ll tho stat'ion mark. If the 
point of suspension does not rotate with the telescope, or if the 
centering is achieved by optical means (as in the small Wild t'heodo- 
lite), this test callnot be carried out. 111 such cases the adjustment 
must be verified from time to time by a small theodolite set up a t  



a short distance (from two directions), whereby it can be seen 
whether the axis of the theodolite lies over the mark-stone, when it 
is apparently correctly centered. 

If the point of suspension lies fa r  from the plane of the three 
foot-screws, the centerina must be verified after levelling. With 

? optical centering i t  is of course essentia,l t ha t  the instrument be 
fairly t'ruly levelled before centering. 

30. Levelling.-The operation of levelling is performed 
thus :-Let the level on the body of the instrument be placed parallel 
to  a line joining two foot-screws, and, by means of these, bring the 
bubble to float in the centre of its tube. The11 turn the instrument 
round 180" in azimuth, and if the bubble continues to  float in the 
centre, t h a t  diameter of the limb which is parallel t o  the line join- 
inm the two foot-screws must be truly level: otherwise, half the 
digerenee of the readings a t  each end of the bubble is the error to 
be corrected by t'he foot-screws, and the other half difference of the 
readings is the error of the level itself. The latter error need not 
be corrected a t  all, if i t  amounts only to  a few divisions, because 
i t  can always be allowerl for in performing the adjustment. For 
instance, if the right hand end of the bubble reads n divisions, and 
the left hsrlcl encl reads b clivisions, in one position of the instl*ument, 
and after a semi-revolution in azimuth the same ends of the bubble 
read rt' ancl b' ,  then + (a + rt ')  ancl 4 ( b  + b')  are the readings which 
the bubble ought to have when the instrument is truly level. NOW 
turn t h ~  instrument round 90' in azimuth ancl, by means of the 
t'hirtl foot-sc.1.cbw, bi-illg the bubble to read (a + r c ' ) ,  h ( h  + b ' ) .  The 
clittmetrr a t  r i (~-h t  angles to the former one will now be approximately 

C? 
levellrd, a1111 if this operatiou is repeated two or three times, the 
acljust~nent will be perfectecl. The process should always conclude 
with the third foot-screw. If the error of the level bubble is very 
large, t1hat is to say, if the reaclinw of one end of the bubble differs 
considerably from the reading 2 the other, i t  can be rectified by 
the small capstan-heacled screws attached to the level for tha t  pur- 
pose. The proper time for effecting this correction is when the 
instrument. is nearly level. 

Small errors should not be corrected. Frequent tampering 
with the screws causes damage. 

The criterion of the instrument's being level is t ha t  the reading 
of one end of the level remains constant cluring a complete rotation 
in azimut'h. This should always be tested before begiillling 
~bservat~ions, and from t,ime to time while they are in progress. 
The error of pointing, clue to  a dislevelment c a t  r ight angles to the 
line of sight, is f tan h, where h is the elevation of the point observed- 



A dislevelment of one or two secoilds is of no consequence when 
angles are being taken to  terrestrial objects. When stars are being 
intersected, i t  will generally be necessary to record the readings of 
the bubbles, in accordance with such rules as are laid down for the 
observatioil in progress. 

The adjustment of the bubble is generally coiltrolled by two 
antagonisiilg screws a t  one end of the bubble. It is important tha t  
the first turn should be given to  that, which has to be loosened, a i d  
that no great strength should be used; otherwise the threads will 
be stripped. On completion of t,he adjustment the antagonising 
screw must be tight,ened reasoilably firmly, so tha t  no slack is left 
betweeii them. 

31. Transit axis.-The telescope of every theodolite is sup- 
ported on a horizont,al axis the ends of which, called pivots, rest in 
angular supports called Y's. The line joilling the cent,res of the 
pivot,s is the axis on which the telescope rotabs,  and in order that  
the latter may describe true verticals the axis must be truly hori- 
zontal. This adjustment is effected by raising or lowering one of 
the Y's by the appropriate screw plitced belleat11 i t  for that  purpose, 
the ainouiit of adjustmeilt being regulated by the indications of the 
striding level which is placed upoil the pivots. 

The error in the horizontal angle between two points of ele- 
vations k and It produced by a t,railsit axis dislevelment of 8 will be 
8 (tan It - tan It'). I n  the case of angles to  terrestrial objects this 
is coiisiderablp less than 8. I n  any case i t  is completely callcelled 
by change of face, provided the body of the theodolite is correctly 
levelled. Consequently i t  is inadvisable to alter the adjustment of 
the trailsit axis for  an error amouiltiiig to only 4 or 5 seconds, 
because frequent tampering with the screws will loosen t,hem and 
destroy the permailence of the adjustment, the stability of which is 
more important than it,s temporary perfection. 

It is necessary that  the t,wo legs of the stlridiilg level should be 
parallel to each other, for  the vertical distance between one end of 
the bubble and the pivot on which that  end rests, depends on the 
inclination of t,hat leg to  t h ~  vt?rt,ical. Consequeiltlg, if the legs are 
not parallel, the inclicat,ious of t , h ~  st,ridilig level will vary wit'h changes 
in its cross levelling. A small cross level is provided, and i t  should 
always be carefully centered. The parallelism of the two legs may 
be tested by seeing whether the readings of the striding 1eke1 are 
sensitive to slight clisturbancc~ of tho cross level If this is tohe case, 
the legs should be rendcrerl parallel by means of the ~nt~agonising 
screws provided near the top of one lee, and the test repeated until the 
striding level is reasonably insensitive to  errors of cross levelling. 
Imperfections in the internal grinding of the bubble tube will 



probably make i t  impossible t o  perfect this adjustment, and this 
consideration in itself provides strong reason for careful cross 
levelling. 

The procedure is as follows :-Carefully level the theodolite. 
Then uncover the pivots and place the striding level gently upon 
them. Adjust i t  by the cross level, a i d  read the-end of the bubble 
nearest the vertical circle of the theodolite. Then reverse the strid- 
ing level end for end, and again read the end of the bubble nearest 
the vertical circle. If the level is in good adjustment these two 
readings shoulcl be iclentical: if they differ by more than one or two  
divisions, the bubble shoulcl be brought to  their mean by the capstan 
screws proviclt~cl a t  one end of t,he bubble. W11en the level has been 
so adjusted tha t  t,he reading a t  the end nearest the vertical circle is 
unchangecl by reversal of the striding level, the bubble should be 
brought to  the centre of its run by means of the capstan screw placed 
under one of t,he Y's of the theodolite. 

This adjustment should be tested a t  every st'atlon, but  i t  should 
seldom require correction. 

32. A d j u s t m e n t  of the m i c r o m e t e r s . - A  scale reading 
of any kind demands t'he exist,ence of a divided scale, an index mark 
whose reading is required, and a micrometer or vernier to  subdivide 
the scale clivisions. On t,he 12-inch theodolites the circle is divided 
into spaces of *5 minutes each. The rough reading to the nearest 
five minutes is made with a plain poinber in an auxiliary microscope 
with a large tielcl. The reading to t,he nearest minutme is easily 
made by countJr~g 011 the comb visible in the f i ~ l d  of A ~nicroinekr. 
The seconds (nucl clecimals, by estimation) are reacl on t'he drum of 
each micrometer, one whole t(u1.n of which corresponds to one minute 
of arc. There are thus no less than seven* pointers (or index marks) 
all of which must be brought into approximate agreement ae ex- 
plained later. 

(a )  The pointer in the auxiliary microscope. 
(b)  The zeros of the combs in t,he three-micrometer- 

* microscopes. 
( c )  The zeros on tjhe drums of t,he three-micrometers. 

The mean of the last three is t,he real "index mark" of the 
theodolite, whose posit,ion rrlat,ive to t,he line of collimat~ion of the 
telescope must r ~ m a i n  unchangcld during each siilglc. measurcb of an 
angle. 

The first a~ljust~ment, of a micrometer is for clear vision of the 
moving wires. This is a personal adjustment and is secured by 
moving the eye-piece in or out, while the circle is covered b ~ a  
piece of white paper to  provide a clear background for the wires. 
The aecond, third end fourth adjustments are inter-dependent and 
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h i v e  on a two-microncope theodolite. 







must be carried out together. The second, ilainely making the 
movement of the micrometer tangential to  the circle, is verified by 
bringing the moving mires over a long division of the circle ; i f  the 
division bisects the wire throughout its length. the adjustment is 
correct. If not correct, i t  is remedied by bodily turning the mi- 
croscope on its axis, either by slackelling the collar which holds the 
tube of the microscope, or by slackening the t'hree screws which 
fasten the lnicroscope to the frame of the theodolite. If the run 
has not to  be adjusted, the second met>llod is preferable. The third 
adjustment, for absence of parallax, is corrected by moving the 
microscope bodily in and out. It is clear tllat the secoiid adjust- 
ment must be verified immediately after~varcls. The absence of 
parallax automatically secures clear vision of the circle when the 
eye-piece is adjusted for clear vision of the wires. 

The fourt'll adjustment, for run. is the inost troubleso~ne of all 
the adjustments. It is clearly necessary that  five turns of the mi- 
crometeim drrun should cause tile moving wire to travel exactly from 
one graduation of the circle to  the next. This is secured by regu- 
lating t h ~  magnification of the inicroscope. I11 fig. 4 the focal length 
of the lens (supl~osecl thin) is./; tthe clistance of the object from the 
lens is u, aild that  of t,he i m a g ~  is I * .  It is clear from the figure tha t  

1 )  
the n~agilificat,ion is --, and tha t  11 a i d  I?  are related by the formula :- 

' I /  

I f  by a bodily movement of the i~li~roscope tlhe dist.ance u is 
decreased, i t  is clear t,llst 71 is increased, a,nd that  t'he magnification 
is altered. Thus t,wo condit,ions have t,o be sat,isfied: firstly, the 

1: 
ratio - shoulcl give t,he required ~nagnificat~ioil: ai~cl secondly, 

1L 

the dist ,anc~ 77 should 11~ equal t,o t,he clistancc from t'he object-glass 
to the cross-wires, ot,herwise t,hercl will be parallax. 

To secure tho f ulfil~nent of t,hese t w o  coilclitions, two movements 
are possible. The obj~c4,-gI:tss may be unclwinpc~cl and screwed in or 
out of tile body of the microscol~cl thus changing both u and v,  and 
the lnicroscopr may 1,e movcvl bodily in ancl outl, changing IL 011ly. 
It is by a combii~ation of these two movrments that  the adjustment 
for ru11 is made, t,Ilc adjust~inc~i~ts for parallax and t8a.ngency beilla 
continually vclrificbd. 

The procedurr is :LS follows. Sce tha t  the first three adjust- 
ments of the micrometer are correct,, and tlhat the fifth adjustment 
(page8 2 2  & 23) is withill the scope of the fine adjusting screws. Then 
with the moving wires intersect a g rad~a t~ ion  slightly to the left  of the 



centre of t,he field, and read the micrometer drum. Then traverse 
t,he wires across two whole divisions (ten minutes), noting the direc- 
tion of the rot'at,ion of the drum; i~lt~ersect the second graduation 
and read again, noting by how much the rotation of the drum is 
in excess or d ~ f e c t ,  of bell whole turns. I f  tohe rot.ation is in defect, 
the image is too small ancl i t  must be increased by protruding the 
object,-glass fiaom the microscope. 

With  a strange theodolite the observer will have no idea how 
much to move the object-glass. Then, if the run requires correction, 
he should turn the object-glass one full turn in the required direc- 
tion, carefully reacljust the microscope for clear vision of the limb 
by moving it boclilv in or out, and re-measure the run. If the run 
was originally 5" tho great', and after one full turn it becomes 2" 
too small, i t  is clear tha t  one turn of the object-glass corresponds 
to  7", ancl tha t  the object-glass must next be turned back about one 
third of a turn. Two or three approximations will generally be 
necessary. It is important tha t  the focus should be very perfect 
whenever the run is measured, for the run varies with the distance 
of the object-glass from the limb, and if the focus is bad a wrong 
value will be obtained for the value of one turn. 

The qracluations of the circle cannot be trusted to  be every- 
where equidistant. nor can all parts of the circle itself be trusted to 
be equidistant from the object-glass of the microscopes. Consequent- 
ly, once t,he microscopes are in fair adjustment i t  is necessary t o  
measure the runs in several different parts of the circle. Usually 
four places will sufiice, two measures on each, but  the triangulator 
must be guided by the clifferences he gets. 

On no account should any at'tempt be made to  improve the run 
a t  t,hr expense of goocl focus ; but  when the run is very nearly correct, 
its final adjust'mellt may be made by a bodily movement of the 
microscope, the object-glass being untouched, provided such move- 
ment does not- result in appreciable parallax or poorness of definition. 

All microscop~s should be adjusted separately. The run of 
each shoulcl be correct within 1 scxcond per I0 minutes. I t  is impor- 
tant  t'hat the final clamping of t.he object-glass should be sufficiently 
firm to prevent subsequent movement. If the object-glass is tightly 
clamp~cl. its adjustment should remain iinchanye(1 t,hroughout a 
season, and any correction necessary to  the run will probably be 
corr~ct ly  r~meclied by a bodily movement of the microscope. 

The run shoulcl be tested, and if necessary adjusted, a t  ever9 
station. The readings should be recorded in the anWgle book, where 
any adjustment8 should also be recorded. 

The fifth adjustment of the micrometers is to make the zem8 



of the combs agree with tlhe pointer of the rough reading microscope 
within about half a minute. Micrometers B and C should be arranged 
to read about 30 seconds more than A, to avoid the chance of 
having to  record different minutes when bookiilg the angles. An 
adjustment of a few minutes call be made by a small screw on the 
left hand side of the micrometer box. Ally larger adjustment call 
be made by slackening the three screws by which the microscope is 
fixed to the framework of the theodolite. At  the same time the 
distance of the microscope from the axis of the theodo1it;e should be 
so regulated tha t  a coilvenieilt length of the graduations is visible 
in the centre of the field. Equal lengths should be visible in each 
microscope. If this coarse adjust,inent is necessary i t  should be 
carried out before the verificatioil of run. The reading of t,he 
auxiliary microscope call itself be adjusted by means of two capstan 
screws near the eye-piece. 

The last (sixth) a d j u ~ t ~ m e n t  of the micrometers is tha t  the drum 
of the microineter sllould read zero when the wires coiilcide with 
the zero of the comb. Tliis may be correct'ed by holding the brass 
milled head with one hand, and turniilg the graduated head with the 
other: i t  is held by frictioil o11ly. 

The first four and the sixt,li of the above adjustments should be 
carried out for the vertical circle micrometers in a similar manner. 
The procedure for the adjustineilt of their combs is described wit'h 
the adjust.ment of collim~tion i11 altitude in para 36. 

33. Adjustment of the telescope.-Distinct vision of the 
cross-wires must be obtained by moving the eye-piece in or out. This 
is a personal adjustment, which may be t'estecl and changed when- 
ever convenient. When the eye-piece is being focussed, the telescope 
shoulcl be pointed a t  the slry or a t  a piece of white paper. Siiice t'he 
moving wire and the fixed wires camlot lie exactly in t'he same plane, 
it is not possible to  ge t  perfect focus on bbtli together : t'he inoviilg 
wire should be focussed in preference to  the fixed. 

It is nest  necessary to bring the image of the helio or other 
mark into the plane of the moving wire. This is done by a screw 
ailcl rack which alters the distallce from the object-glass to the 
diaphragm, or on t,heodolites the rack moves an internal 
focussing lens. This focussing is i~idepeildent of the personality of 
the observer, and i t  depe,lds oilly on the distance of the object 
viewed. For all distIa1lcps at, which t,h~odolite observations are 
llormally ina,de, the focus is sensibly tho same, so tha t  i t  is very seldom 
llecessary to  chal~ge the. focus. 

The adjustment is tested by iiltersectillg a sharp distant * mark 
such as a steady helio, with the moving wire, and moviilg the head 

* Dietent at least one mile. 



from side to side. If there is 110 parallax the mark remains inter- 
sected; if the object appears to move relative to the wires in the 
same direction a$ the head, there is said to be far  parallax, and the 
distance between t,he object-glass and diaphragm must be decreased. 
If the object appears to move in the opposite direction there is said 
to be near parallax ancl the distance must be increased. 

This acljustmellt inust not lightly be changed. It inust never 
be changed during the measure of ail angle, nor betweeii consecu- 
tive face right and face left measures, because i t  is apt to cause 
slight change in the line of collimation. It must never be changed 
merely in the hope of obtaining a clearer vision of the object; this 
is to be obtained with the eye-piece; if there is no parallax, one 
position of the eye-piece is best for both object and cross-wires. On 
the other hand, if parallax is found to be present, the focus must be 
changed: in the presence of parallax accurate observation is impossi- 
ble. If the adjustineizt has to be made other. than very occasionally, 
something is loose in the telescope and the instrument is defective. 

A change in the distance between object-glass and diaphragm 
results in a change in the value of one clivision of the eye-piece 
micrometer. It has hitherto been the custom never to change the 
object-glass focus without re-determining the value of one division 
of this micromet~r.  This is not necessary. I n  the absence of 
parallax the distance between object-glass and diaphragm depends 
only on the figure and refractive index of the object-glass, and in the 
case of a theodolite telescope ail error of focus which will cause 
appreciable error in a small micrometer 1*eacling, will cause very 
appreciable parallax. So that  the test f 01. palmallax is suficiently 
sensitive to ensure that  the distance from object:@ass to diaphragm 
is the same as i t  was when the value of one clivision of the micro- 
meter was cleterminecl a t  the beginning of the season. 

34. Collimation in azimuth.-The line of collimation of a 
telescope is the line joining the centre of the cross-wires and the 
centre of the object-glass. I11 a theodolite with a moving wire, the 
cross-wires in the above definition are replaced by the moving wire 
when it is in such a position tha t  the mircronleter drum reads zero! 
and the wire itself is approximately in coincidence with the zero of 
the comb. When the t ~ l ~ s c o p n  is r o t a t ~ d  on its transit axis, the 
line of collimation should be a t  right a.nglrs to that  axis, otherwise 
its prolongation will not rlrscrih~ crreat c i r~los  of the colrstial sphere, '-'. 
Let TOT' (fig. 5 )  br the transit axis, and let OB he the linr of colli- 
mation inakinq a small angle B (AOB) with O h ,  the pc~rp~ndicul~r 
to TOT'. This angle 6J is callrd the colli~nation error. Then, , I  On 

rotation, the line of collimatioi~ will dmcribr~ a cone based on BZ B 1 

and an object S will be referred to a point B on the horizon instemd 
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of to C. The error BC is then 8 (sec h - 1) where h is the altitude of S. 
And the error in the horizoiltal angle measured between two points 
of ele~at~iolla h and 1 ~ '  is 6 (sec h - sec IL'), a quantity which is very 
much smaller tha i le  in the case of ob~ervat~ions between terrestrial 
objects, but which may be greater than 8 if one of the ~ b j e c t ~ s  is a 
star near the zenith. I11 practice, houre~er, observatioils involvii~g 
the horizoiltal angle between stars and other objects are (in Iildian 
latitu&s) never taliell a t  an altitude of moi-e t1han about 40', in 
which case the error canllot exceed 0 - 3 8. Further this source, of 
error is completely cancelled by change of face, and the only objection 
to ~olliinat~ion e r A r  is tha t  i t  causes SJ-steinatic differences between 
readings on clifferent faces, and so produces an appearance of 
inaccuracy. For observatious to terrestrial objects there is no 
objectioil to  as much as 30" of colliination error in azimuth, altjhough 
such a large ainoullt is quite unlwcessary. For astronoinical 
observatioils i t  is desirable to  reduce i t  to less than 3 seconds. but  
if ally difficulty is experienced in so cloing, i t  may quite well be left 
alone. As in t'he case of dislevelineilt of the trailsit axis, i t  is much 
inore important that  the error sllould be constant than that  i t  should 
be small. Observations are of coursp always taliell on both faces. 

To eliminate the error of colliination in azimut'h the telescope 
should be directed on a well-defined object near the horizon, and 
the circle read. If the moving wire is under consideration, i t  
should first be set a t  zero. Face should be changed and the circle 
again read. Provided t,he t,ransit axis has previously been levelled, 
half the diEerence of the two reaclillgs is the collimation error. 
If tile object is on the horizon, t,Iiis is the case whether the trailsit 
axis is level or not,. The circle should be set to t'he meall reading, 
and the position of the vertical wire corrected. I11 the case of the 
moving :.wire this is readily done by the micromeler, the graduated 
drum of which should th in  be turned on its friction grip bearing, 
so that  i t  reads zero while tht. mark remains bisected. The zero of 
the comb should also be brought illt,o coincicl~nce wit1h the mark, 
by turning t811e small screw a t  the side of the micrometer box. I n  
the case of t,he fixed wilmes, if ill is desired to ~ol l imat~e one of them, 
the diaphragm must be inoved side\vays bg means of the four 
capstan sclrcJws which hold i t  in pla,ce. Those a t  the to.p and bottom 
shoulcl first be sliglltlv slac~kcnod off. Wllen tunling the horizontal 
screws it is iinportani that, t , h ~  U I I S C ~ C ~ W ~ I I ~  ~nove~nellt  should precede 
the screwing up, so t,hat no tlarrrnge is done t'o the threads. 

The pmcvsn s l ~ o ~ l d  he rep(3ated t'o verify that the adjustment 
is correct, aild again repea ted if necessary. 

CoIlimat,ion may also be corrected by Gauss's method using 
two auxiliary tplpsoopes. The ~nr thod is t.roublesome and open to 



the objection tha t  it is almost impossible to  collimat,e through the 
full aperture of the lens. It is described in P a r t  VI (levelling) of 
this handbook. 

This adjustment should be verified a t  every station, but should 
seldom require correction. 

35. Verticality of the wires.-It is of course necessary 
tha t  when the instrument is level, the vertical wires should be 
vertical. I n  practice, intersection will always be made close to the 
horizontal wire, but  reliance should not be placed on this safeguard. 
To test the verticality of t'he wire the theoclolite should be levelled, 
and some well-tlefined point intersected. The telescope should then 
be rotated in altitucle, so tha t  the mark appears to travel along the  
wire. By this means any crookedness of the wire, or lack of verti- 
cality is a t  onccA revealed. The former faul t  should be corrected br 
re-wiring (see para 39). I n  the case of the fixed wires lack of verti- 
cnlitv ahould be corrected by slackening oq  the four screws which 
hold' the diaphragm in place, and then turninn the diaphragm. 111 -. the case of the moving wire, the adjustment is effected by turlliilg 
the whole micrometer head by means of a tangent screw providecl for 
the purpose. Especially in the case of t'he fixed wires this adjustl- 
ment must be carried out concurrently with tha t  for collimatioil in 
azimuth, the final correction being for verticality. The acljustinent 
must be verified a t  every station. 

The right angle between the grooves in the diaphragm cut for 
the horizontal ancl v~rtictt l  fixetl wires is fixed by the makers ; they 
cannot be adjusted separately. The t ruth of the ~ e r t ~ i c a l  wire is 
more important than tha t  of the horizontal, and the acljustinent 
should always be perfected for the former, except when all hori- 
zontal angles are tlo be measured with t , h ~  moving wire only. Ally 

appreciable error in the right angle is probably clue to bad wiring, 
and can be corrected. 

36. Collirnation in altitude.- Although generally known 
as the adjustment for collimt~tioil in altitude, this ad jastment is of 
quite a clifferent nature from that  for collimatioii in azimuth. Its 
only object is t'o ensure tha t  vert(icn1 ang?es havc the Samp V ~ I U P ~  
on face right and face lef t :  for, provlclccl t,kl~re is 1 1 0  loosciles8 
between t'he vcrtical micromctr.rs :1,11d the u p p r  b u b b l ~ ,  or b c t l ~ ~ ~ l l  
the vertical circle nnrl the line of collimation, the mean of t,wo fiices 
is always correct. The first necessity is to  arljust thch upper bubble. 
The theodolite is levellecl, as juclgetl by the bubl~le remnining un- 
moved during a full rotation in azimuth. Then, if the bubble is )lot 
reasonably central, i t  is brought to the centre of its run by means 
of the antagonising screws a t  one end. It is not necessary that the 



bubble should be truly ceiltral, because bubble readings are always 
made and correctioils applied. Next i t  is necessary t'hat the zeros 
of the two vertical microineters should be so adjusted that  when the 
theodolite is truly levelled, and the theodolite is directed on an 
object, the mean of the two vertical micrometer readings, should be 
approximately the true ele~at~ion.  To test t'his adjustmeilt the 
elevation of a clearly defined mark is read on both faces : t.he mean 
corrected for bubble (see para 53)is the h u e  elevation. The micro- 
meters must then be so set tha t  their mean reading equals this 
elevation : tha t  which is read first should be set to  read 15 seconds 
low, and the secoild correspondiiigly high. If the correction is 
only a few minutes, the zero of the comb can be moved to an 
approximately correct reading by meails of the sinall screws in the 
end of the mi.cromet.er box, and t,he zero of the micrometer drum 
can be corrected by slipping i t  on its friction bearing until i t  gives 
the required reading while the correct gmdua.tlion of the circle 
remains bisected. If the correction is la,rger i t  must be adjusted 
by means of the six ant,agonising screws a t  the base of the bracket 
which holds each microscope. These six screws, by tilting the 
bracket sideways, also provide the inea,lls of securing t,hat a collveniei~t 
lengt>h of the circle g rad~a t~ ions  is visible in the microscope. This 
coarse adjustment., if required, slloulcl be made before the uther 
adjustments of the vertical nlicroscopes (see para 32). Fine adjust- 
ments of the comb and lni~roinet~er drum should b~ made last,. 

Sometimes the vertical circle ca,n be 1-otat'ed relative to  t'he 
telescope. On such t,heodolites i t  may be necessary to  make a very 
large adjustment for zero, which is achieved by slackening the 
screw which clamlx the circle. 

An auxiliary wide fielcl inicroacope is provided for reading the 
degrees. It also must be adjusted to give approximately tthe correct 
reading on both faces. It call be adjusted by means of two capst'an 
screws near its eye-piece, or nlore coarsely by slackeniilg off t,he three 
screws which hold i t  to the framework of the theodolite. I n  such a 
theodolite i t  will be iloticed tha t  when the telescope is horizontal, the 
line joining the zero gradi.~ations will not be horizontal, but will be 
inclined a t  such all allgle as will bring i t  under the auxiliary 
microscope. 

Tlze colliint~t,ioil in altitude is automatically tested whenever 
vertical angles are observed. Thc collilnation error should be 
rtbcordecl i11 the a , i ~ ~ l e  boo]< at, the beginning of t,llc obs~rvatious at- each 
fhtlion. It is not llecessary that  the adjustinent slloulcl be corrected 
ullless the difference is so 1slrt.e a,s to lead to incoilveiliellce in taking b means. A mensure of a vertical angle on one face is never deserving 



of consideration, while the mean of measures 011 two faces is inde- 
pendent of the adjustment. 

The colliination in alt'itude should never be adjusted by moving 
the diaphragm and cross-wires of the telescope, alt<hough it is 
possible to  correct i t  in this way. 

37. Eye-piece mic romete r . -The  value of one division 
of the eye-piece micrometer in terms of seconds of horizontal arc 
must be determined a t  the commencemeilt of the season a t  Dehra 
Dun, and again a t  the close of t4he season. The determination of 
the value of one division of the micrometer is effected by moving 
the telescope through a s~na l l  angle in azimuth and measuring the 
horizontal angle through which i t  is moved, both on the limb and 
with the micrometer. 

An angle of about 80 secoi~ds is the largest which the eye-piece 
micrometer will be called oli to  measure ill practice, it is con- 
sequently a~np ly  sufficient to  cletermine the value of its divisions 
correct to about one part  in a thousand. 111 view of the cancella- 
tion of error which occurs tvhei~ the results of different measures 
are meanecl, an error of even onp part  ill a hunclred is of little 
consequence. 

The theoclolite slio~11~1 tirst be acljustecl for  colliinatioll in 
azimuth, so tha t  the part  of t h ~  screw ineasurecl will be t8hat which 
will come into use in the fielcl, nncl the circle micrometers should be 
carefully adjustecl for 1.1111. The moving wire shvulcl then be moved 
five fuli tur11s to  the left of the zero of the comb, and a fine marl< 
intersected by lnea~lv of the upper plate taugeut, screw. The eye-piece 
~nicrometer should then be reacl ant1 i.ecoi-(lecl, as also should be the 
two (or three) circle inicsomett.rs. The iiioving wire shoulcl then be 
moved one full turn to the right, t!le mark re-intersected with the 
tangent screw, the circle reacl. aurl the process repented, ulltil it 
has reached tive turns to the right of the zero of the comb. In the 
case of a two-mici.oscope theodolite, zero should then be changed 
45'; in a three-microscope theodolite i t  should be left unchanged. 
Face is chailgecl ancl the observation repeated in the reverse direction. 
The zero of a two-microscope theodolite shoulcl then be chailgecl a 
further k5', and a t h r e e - m i ~ r o s ~ * o p  3 0 ~ .  aild the process isepeatd 
once Inore on e:lch face, makinq a total of four ineasurchs a,ltogether. 
The resulting angles corresponding to each position of the inovillg 
wire should then be tabulated, meanerl, ancl examin~d  for any 
irregularity. If there appears to be consiclerabl~ systematic irregu- 
larity more seatlings shoulrl be made closr tlo the zero, ancl a value 
determined from them only. 111 the absence of ally irregularity 
the value should be deduced from the 1st ancl loth,  '2nd ancl 9th 



and 3rd and 8th readings, and the simple mean of these three 
accepted. 

The value of one division so obtained must be multiplied by 
the cosine of the altitude of t'he point observed, to reduce the angle 
to its horizoiltal value. Similarly, when angles are being read, the 
mean micrometer reading ought to  be multiplied by the secant of 
the altitude, although the resultiilg correct,ion is generally negli- 
gible (see para 55). 

38. Bubble tester.-The value of one divisioil of the scale 
of all the levels employed may be determined either a t  the 
Mathematical Instrumeilt Office, Calcut,ta, or a t  the G-eodetic Branch 
Office, Dehra Dun, by means of the bubble test'er, before the party 
takes the field and again after its return. Alteri~atively, and equally 
satisfactorily, i t  may be ascertained by fixing tlhe level to the frame 
of the vertical circle, or inakiilg i t  ride parallel to the telescope, 
and then taking the readings of t,he microscopes i11 two positions of 
the bubbles. Whence, comparing the numbel. of divisions of the 
level scale run over by tIhe bubble with the corresponding allgular 
motSion of the verticai circle, as measured hy the microscopes, the 
value of one division of t,he level scale will be obtained by simple 
proportion, as show11 in the followilig exa,inpIe :- 

LEVEL 
s, 
2 ;  - 

Comyi~ted vnlne 

Readings I Ditferellces Of One division 
e of the level 
4 %  scale 

E 1 0  / / 0 [Menu 

Mean vlllue of one division of the level scale 0.94 

39. Re-wiring diaphragm.-As  wires are liable to  be 
brokel~, and to become slack by damp or uneven by acculnulahd dust, 
it  is llecessai-y tha t  the t,riallyu]abr should be able to replace them 

required. TIlr best subst,allces for large i ~ ~ s t r u i n e n ~ s  are 
lines, and for s~na l l  01188, the fibres of raw silk. TO procure 

spidel* lines, prepare some frames, as shown in fig. 6 (a). Next 
find an active spider, and take i t  up on the edge of the card frame. 
Then gelltly shake the frame to detach the spider, which will hang 



from it. Wind up the fibre, so that  the turns are rather wide apart, 
as shown. When the end of t3he card is reached, make a notch a, 
in which insert the eild of the thread, and then cut off the rest with 
a pair of scissors. As several carcls are wanted, do not let the 
spider fall to the ground, where i t  would be covered with dust, but 
take hold of the line a t  b, and place i t  on the notch of another card, 
and wind it up as before. The cards should afterwards be placed 
between leaves of clean paper, to preserve them from dust. Several 
such carcls should be taken to the field, as in some localities suit'able 
spiclers cannot be found. 

Having obtained the fibres, they may be fixecl as follows:- 
Take out the diaphragm, remove the old wires, and clean the 
varnish from the engravecl cuts. This must not be done by scraping 
with a knife, but by using methplated spirits aild warm water, wiping 
off the olcl varnish until the cuts appear quite clean. This is 
important, as also is the correct thickness of the spider line: 
otherwise the lines may project above the surface of the diaphragm, 
aild foul the moving wire. Now take a card, examine the fibre with 
a magnifying glass and select a clean uniform piece. Take two 
small balls of wax, attach them to the extremities of the selected 
fibre, aiicl cut off the remainder. If one of the balls of wax is held 
in the harid, and the other is allowecl to hang freely, the fibre will 
become straight and untwined. Now take a camel hair brush, 
clipped in clean water, and rub the fibre gently, for the purpose of 
cleaning ancl damping it. Pu t  the cliaphragm upon a bloclr of wood 
and place the fibre upon it, examining i t  with a watch-maker's 
eyeglass to ensure that  the wire falls into the proper cuts. The two 
wax balls hanging on either side serve to stretch the thread, and 
keep i t  in its place. The cross-wire is prepared in a similar manner, 
ancl as many more as may be required. Then taking care that they 
are all truly adjusted in their respective lines or cots, let a drop of 
varnish fall upon each cut, and put a glass over the apparatus, t o  
protect i t  from dust. I n  twenty-four hours the varnish will have 
set, the ends of the fibres may then be cut off, and the diaphragm 
carefully replaced in the telescope. This last is the most difficult 
part of the undertaking, because i t  requires very delicate llandlillg 
to replace it without breaking a wire. The hest varuinh to is 
copal, but sealing wax dissolvecl in methylated spirits, friar's balsam, 
or laudanum, will clo instead. Previous damping of the fibrcs e11~lurpS 
their becoming. tight and w ~ l l  st,retchcd whcn tlr~r. The best time 
to apply fresh wires is during the rains, when Alere is 110 d ~ s t ,  and 
the atmosphere is damp. It is important t h a t  t h e  t r iangulhr 
should take illto the field a11 the materials necessary for 
this operation, viz. :- 
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Before Coinoidenw Fig. 9 
After Coinaidonae 

Horizontal Circle Circle reading 2O 0 
1 Drum reading 24.0 
2 Drum reading 19.9  

T d  reading 2° 0 3 f 9  

Horizontal Circle Circle reading 166" 40' 
1 Drum reading 38 .3  
2 Drum reading 3 9 . 4  

Totd reading 166 41' 16.7 - 

Horizontal Circle Cimle reeding 8$ 30' 
1 Drum reding 4 6  6 
2 Drum resdurg 45.5 

Total m d i ~ g  eB 3 i  3 f . l -  

Vertical Circle Cimle d u g  9d 4d 
1 Drum reading 6.3 
2 Drum readirq 6 . 8  

Totd reading !36" 4 d - Z -  

m e  fir# t h m  d i y n m s  illu8trale the Horizontal Circle,the lasf illurtnte, the Verllcal Circle 



Cards with spider lines 
Methylated spirit,s 
Wax 
Copal varnish 
Wat,ch-maker's eyeglass 
Camel hair brush 
Scissors. 

40. Perfection of pivots.-Ideally the pivot's should be 
two equal co-axial cylinders, but since the bearing on the Y's is fairly 
short, i t  will suffice if their sections by the planes of the Y's are 
two equal circles. Inequality may be tested by carefully reading the 
striding level and then reversing the pivots in the Y's when i t  will 
be revealed by a dislevel~nent when the striding level is replaced. 
It is of no importance, in tha t  its only result is a slight dislevelment 
of the transit axis, the errors clue to which cancel ~t-it~h change of 
face. Any irregular departure from a t,rue circular section is more 
serious. Large errors may be detected by means of the striding 
level, the telescope being rotated in altitude with the level in 
position. If there is any detectable irregularity the pivots require 
regri~~diilg. 

41. Wild Precision Theodolite.--The Wild Precision 
theodolite is the larger of the two makes of Wild theodolite. The 
ease with which i t  can be transported, and the speed with which its 
rcaclings call be made, are such that, provided i t  is found to give 
accuracy equal to tha t  of the 12-inch, the latter will never again be 
used for tl-iangulation in Inclia. It may even be hoped tha t  the 
compactness of the design, and the excellei~t protection given t o  
the circles and workillg parts, may result in an increase of accuracy : 
but of this there is so far (1929) no evidence. 

After its sin,tll size t,he feature of most interest to the triangu- 
lator is t,he fact tha t  the circles are read by a single reading in a 
microscope by the si(le of the ~naill  telescope, and so can be made 
ill a small fraction of thtl t i l n ~  required for walking round ant1 
rea(ling- the nlic>roscopes of ml ortlinary th(~odo1ite. The rradings 
so maclc involvc t,lw coincideilce of the images of gradi~at~ioi~s 
~epnrnt,tltl Ily 1 SO',   nil so alyh free froin error due tlo eccentricit:); of 
~lra(lr~nt~ion. TIIP rat,hcr c(~mplicat,d optical system by which this 

C is nchiovrd is ~ h o w n  in fig. i .  

42. Reading the Wild.--[See figs. 9 (a) to (a)]. Horizontal 
allrl vcrtical c.irc*lcs ;trp rear1 in t,he salnc microscope. By tur l~ing 
the approprinto scrpw (spp fig. 8) clockwise as far as i t  will go. the 
horizontal circle is brought into view : the vertical circle is viewed 
by turning i t  co~ll&r-clockwise. The images of poiilts on the circles 
S"P"rakd by 180' are seen together in the microscope, separated by 



a fine horizontal line. I n  the case of the horizontal circle the 
graduations are a t  four-mii~ut~e intervals. 

To read the horizontzl circle the two sets of graduations are 
brought into coincidence by means of the micrometer head lying 
on the prolongatioo of the horizonta.1 axis of the telescope. An 
index ma1.k appears in t,he field of view, whose function is t o  illdi- 
cat'e in what part  of bhe field the coincidence is to be made. After 
making the coincidence this index inark will lie bet8ween two num- 
bers indicntiug degrees. That  which lies to t8he left of the index, 
ancl which is read right way up, gives t.he degrees of the reading. 
The n u m b ~ r  of ini~lutes to  be recorded is twice t,he number of four- 
minute divisions lying between this degree graduation and the 
d e g r e ~  graduztion 180' gfeater, which is upside down t80 the right, 
of the index mark. This reading ir~evit~ably gives an even number 
of ininut,es. The number of seconds remaining (between 0 and 120) 
is obtained by doubling the reading given by the lower index mark 
on the circiilnr scale below. I11 practice, iust,eacl of doubling a 
sillgle readintr it, is customary to intersect t8he inark twice, and so : 
t o  obtain two inclependeiit reaclings of the seconds, whose sum is 
t,xkeu instead of their mean. This scale is divided into 0 to 60 
double secoiids, each sabdivicled to  double tenths. Double hun- 
dredths call be immediately obtained by est,imation, although 
obviously they arg of very litt.le value. The examples in fig. 9 
should make this method o i  reading quite clear. 

The vertical circle is read in a similar manner, but its divisions 
are a t  eight-inir~ut,r iiitervnls. The graduations are numbered from 
0' to  180' right round the circle, so tha t  an eiwht-minute interval is h 
numbered as if i t  were four-minute. Their appearance in the 
microscope is thus exactly tho same as tha t  of the horizontal circle. 
The readinqs are made ik exactly the same way, the secollds being 
either clooblerl or repeated. The required vertical angle is the simple 
difference between FR and FL (no division by 2) . On one face the 
reading will he between 90' anrl 1:35', and on the other face i t  will 
lie betwepn 90" and -45'. The rule is that  if FL is more than 90'1 
the angle is en  elevation, aiirl vice versa : i.e., the t~levation =; FL 
mjinus FR, with the correct sign. 

The following is the method by which the mean r r a d i n ~  a t  two 
opposite parts of the r,ircle is obtained* (see fig. 7 ) .  Light 1s intro- 
duced throuyh the prisms 1 (ic 2 a t  the botknm of the theodolite : it, 
is condenser1 by the lelis 3, and passes throiigh t,he lower part8 of 
the prisms 4 ,  by which i t  is divided into two halves, on to the gra- 
duations on the upper side of the qlass circle 5. Here i t  is reflected 
by the circle and not by the gri-duations themselves. It returns 
through the upper part  of 4 and is reflected up the hollow axis of 

* See " Revne d'optiqne " So. 5 of Yay 1927, for a description by ~ a ~ i ~ ~ ~ ~ ~  
Ollivier. 
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the theodolite, through the lens 6. The light is then carried to 
one side by the rhomboid 7, past the prism 8, which is only 
interposed when the vertical circle is t40 be read, and through the 
two parallel plates 9 & 10, each of which receives the light from one 
side only of the circle 5. These parallel plates can be slightly 
rotated in opposite directioils by the drum 11, and constitute the 
optical micrometer by which the images are made to  coincide in the 
reading nzicroscope. Tlie light is t'heil reflect'ed t'o the left by means 
of the block 1 2  froin which the light emerges in such a* manner tha t  
the images of the two opposite parts of t'he circle, as seen in the 
microscope, appear one above the other separated by a fine horizontal 
line. They pass through the rhomboid 13, which inttroduces the image 
of the graduated disc 14, whose rotmation is inechanically coilnected 
with that of the drum 11 and the plates 9 & 10. It is from these 
graduations that  the seconds are read. The light is brought to  a 
focus by the lens 15 and reflected illto the microscope by the prism 
16. The index inarks visible in the microscope are cut on the 
vertical face of 13. 

Just as in the 12-inch tlleodolit'e (see para 33) the true index 
mark is not the mark in the auxiliary microscope, nor the zero of the 
comb in the micrometer, but  is the posit'ion of the micrometer wires 
when the drum reads zero, so ill the Wild the true index mark is an 
imaginary point near t,he visible index mark, but exactly half-way 
between corresponding g r a d u a t , i o ~ ~ ~  in the upper and lower images. 
And the t,rne readiilg is t , J~e  reading of t1his t'rue index mark on 
either of the two images, when the seconds micrometer is reading 
zero. 

Thus, in fig. 10 the reading is 83' 08' miflus n. The optical mi- 
crometer measures tile angle x ;  for, coiilcidence of the upper and 
lower graduations is secured by them a relative movement 
2%. As has beell st,ated above, this moveinent is caused by the rota- 
tion of the plates 10 & 11, mllose rotation is recorded by the disc 14, 
whose graduations are so spaced that, a relative movement of one 
division of the images of the circles is recorded as one minute. 
Hence the necrssit,y for  donblillg or repeating the seconds reading. 

The systc?ln for tlltb vel.ticnI n n ~ l c s  is exa,ctlly similar. Light is 
jlltro(lenv1 throuyk ritllcr of the prisn~s in t8he middlp of the telescope, 
'8 conde~~scd I,y t l lp lpns :if, nll,l di\ridtbcl and carried to tlhe circle 5' 
by tllr lrrislns I.', \ ~ ~ l 1 ~ ~ ~ ~ ~ l  i t  l)nssc3s t,hroogl~ the lens 6' and G" to  
the ljrisin 8, nfud so to thc. ~nirromrtcr. 

Whr111 i . r ~ a ( l i ~ ~ ~ ~  nut. bein.r inade, tllle liglit,i~rg of tlhe circles must ? b~ as clear a~ l ( l  even as l ~ ~ ~ s l b l e .  This is secured by turllilig the 
illumillating prisms. Tho lighting sllould never be changed during 



a measure of an  angle, since the apparent position of a graduation 
depei~ds coilsiclerably on the directmion from which i t  is illuminated. 

43. Other peculiarities of the Wild.-The Wild theodo- 
lite di4i'ers from o t h ~ r  theoclolitcs in the follo~ving respects also :- 

(a)  Setting for zero. Illstearl of the usual lower plate 
clamp and slow motion, the Wild can be set to any circle 
reading by meails of a small wheel between two of the 
foot-screws (see fig. S). This wheel gives rather a rapid 
motion, and i t  is not possible to  set  correct to the nearest 
second: nor is i t  necessary to  do so. 

( b )  Bubble. The upper bubble is reacl by the coincidence 
of its two ends, on the well-known Zeiss principle. It is 
centered immediately before every intersection for vertical 
angles. The lower bubble is graduated in the ordinary way. 

( c )  There is no moving wire in the eye-piece. The ease 
with which the circle can be read makes one unnecessary : for 
the circle can be read very nearly as quickly as the drum of 
a moving wire micrometer. 

(cl) The usual type of diagonal eye-piece is replaced by 
a prism which can be attached to the 30-magnification 
eye-piecc. Sincp this elid of the telescope cannot be transited, 
the highest elevation which can be read is about 63". The 
use of the zenith prisrn results in the horizontal inversion of 
the images seen in the reading microscope. 

( R )  Most of the adjustments are fixed by the makers (see 
paras 44 ck 4.5). Consequently, i t  is alliost impossible for 
them to go seriously wrong, provided the instrument receives 
a thorough inspection a t  the factory, and has no serious 
accidents. The absence of field adjustment effects a great 
saving of time. 

(f) Unpacking anrl Packing. The instrument is carried 
in a metal container instead of in the usual woodell box. It 
is carried on the back. To open the colltainer the two locking 
screws a t  the bottom are unclone i)g the Icey and 
the container is carcfully lifter1 off. Thv tribrach will be 
found screwed to the bojy of  the theodolit~.  It in unscrewed, 
placed on the stsncl and center~t l  ; its three clips are drawn 
out to  receive the foot-screws of the t,lic~odolitf!, and their 
seatings are dusted. The two clips which hold the theodolite 
to the base of the containt~r are then oprned and the 
theodolite is lifted out, placed on tho tribrach, and the 
foot-screws secured. The foot-screw which is marked with 6 

brass dot should be placed in tha t  socket of the tribrach which 



has a similar mark. The theodolit,e should be lifted by the two 
standards which carry the ti.unnions of the telescope. 

When packing up, the process is carried out in the 
reverse order. The eye-piece end of the telescope is depressed 
until i t  is allnost in coiltact with the frame, and the telescope 
is turned in azimuth until the eye-piece is over the marked 
foot-screw (see fig. 8). 

A cott,on pad is placed bet,ween the telescope and the 
frame. It is then clainped in azimuth a.nd altitude. When 
returning the theodolite to the container, the marked foot- 
screw must coincide with the dot on the outside of the base 
of the container. The clome must be carefully lowered, with 
its dot vertically over tha t  of the base, and the clamping 
screws properly tightened. 

- .  

Page 35, para 43, sub-para (!I), lines :i to S. 

Omit the words " On top of t,he staod . . . . . . . . . . . .capsk"ll 

screw ullderneath ". 
Are. 1 1 1 r t f r t l  8-6-3 1 .  

- - - ---1- - ---- 
screw unclerneath. 

(h)  The diaphragm is cut on glass, The vertical wire is 
partly single a n ~ l  pa r t . 1~  double, giving a choice for different 
types of marks.  herb is a siilgle horizontal wire. 

(i) Three eye-pieces are provided of magnification 20, 30 
and 40. 

44. Adjustment of the Wild.-The only acljustments of 
the Wild Precision theodolite arp :- 

(cc) Centering" As for the 12-inch (para 29 ). The 
plumb-bob being fixed to the tribrach, i t  is not possible to 
verify its adjustment hy rot,at,iug the theodolite. 

( h )  Levelling, ancl atljostment of the levels. As for the 
12-inch (para :{(I), e x c ~ p ~ ,  t,hat the upper level i s  adjustable 
by mclxlls of the s c r ~ w  sc3cil ill fig. S. 

(c) Adjnst,mellt of the reading microscope for clear vision, 
by tnrniilg t,he cye-piece. A persona,l a~ljastinent. 

( t i )  A(ljustm(->nt of the t,elescope for clear vision of the 
cross-wires, by tnrni~ig t,he eye-piece. 

( Adjustment of the telescope for absence of parallax, 
a8 in the 12-inch. Tllo focussing is carried out by turning a 



has a similar mark. The theodolite should be lifted by the two 
standards which carry the trunnions of the telescope. 

When packing up, the process is carried out in the 
reverse order. The eye-piece end of the telescope is depressed 
until i t  is almost in coiltact wit,h the frame, and the telescope 
is turned in aziiiluth until the eye-piece is over the inarked 
foot-screw (see fig. 8). 

A cott80n pad is placed between the telescope and the 
frame. It is then clamped in azimuth and altitude. When 
returning the theodolite to  the container, the marked foot- 
screw must coincide with the dot on the outside of the base 
of the container. The dome must be carefully lowered, with 
its dot vertically over tha t  of the base, and the clamping 
screws properly tightened. 

(g) The stand. The wild tlripod is not used for primary 
triangulation in India. I t s  place is taken by a heavier 
wooden stand similar to t'hat of the 12-inch. 011 top of the 
stand is placecl a heavy circular base plate with three pointed 
feet, to which the t'ribracli is screwed. It is important 
that there should be no play in the three feet, and tlhat the 
tribrach shouid be firmly scl-ewed in by ineans of the capstan 
screw undt.riieat11. 

( 1 ~ )  The diaphragm is cut on glass. The vert>ical wire is 
partly single and partly double, giving a choice for different 
types of marks. There is a single horizontal wire. 

(i) Three eye-pieces are provided of magnification 20, 30 
and 40. 

44. Adjustment of the Wild.-The only adjustments of 
the Wilcl Precision theoclolite are :- 

(a)  Centering. As for the 12-inch (para 29 ). The 
plumb-bob being fixed to the tribrach, i t  is not possible to 
verify its adjustinei~t, by rotating the theodolite. 

( 1 ) )  L ~ v e l l i n ~ ,  nucl acljnstment, of the levels. As for the 
12-inch (pnm :{o), excppt, that  the uppw level is adjustable 
by incans of the screw secn in fig. 8. 

( c )  Ad,inst,mcnt of t,hr reatling microscope for clear vision, 
by trlrni~ly t,he eye-piece. A p ~ r s o ~ i a l  a,cljustrneilt. 

(4 Atl;inst,inent of t,he t,elescope for clear vision of the 
cross-wires, by turning the eye-piece. 

( c )  Arlj~~strnnnt of the telescope for absence of parallax, 
as ill the 12-inch. Tile focussing is carried out by turning a 



milled ring on the telescope between the eye-piece and the 
axis, thus moving the internal focussillg lens. 

( f )  Collimation in altitude. As wit'h the 12-inch, the 
elevation of an object is read on both FL and FR. The 
circle is then set  t o  the mean reading by means of the altitude 
slow motion screw. The mark is intersected by means of the 
bubble-setting screw on the side of t'he telescope, and the 
bubble is centered by means of the capstan screws immediately 
below one end of the bubble. 

(g) Collimation in azimuth, as for the 12-inch. The 
cliaphragm can be moved by three capstan screws near the 
eye-piece. To verify t'his adjustment no special observations 
are necessary. It is sufficient to  note the clifference between 
t'he face right and face .left circle reaclings of the first signal 
intersected a t  each station. The colliinatioi~ error is half 
the difference. It should be notecl a t  each station. 

( I & )  Determin~t~ion  of the value of one clivision of the 
lower plate bubble, as for the 12-inch. 

45. Further adjustments of the Wild.--The following 
adjustments shoulcl also be tested, but cannot easily be remedied. 
The first shoi~lcl be tested and recorcled a t  every sttation, and the 
third annually :- 

(cc) Micromet.er run. Turn t'he microme-ter drum unt,il 
the seconds reading is about zero. Secure coinciclence by 
means of the horizontal slow mot,ion screw. Wibh the 
micrometer clrum clist'urb the coincidence, ancl tohen renew it 
anel read the seconds. With  t,he micrometer move t,he 
graduations on until another coincidence is secureel, and 
again read the seconds. This reacling should differ by 60 
seconds from t'he first.. The clperation should be repeated 
several t.imes as above, and also with the first coinciclence at 
about 60 seconds and the seconcl at zero. 

( b )  That  the gracluations seen in the micrometer are 
nearly a t  right angles to  the fine line dividing t,hem. For 
the remedy see para, 47(q). 

(c) Transit axis. It is not possible to use a striding 
level. The horizontal angle betwpm some well elevded 
object and some low object shoulrl be measured on bot>h faces. 
If the two do not agree, and if the collimation in azimuth 
is correct, the difference is probably due to a dislevelled 
transit axis. 



46. Stiffness and rigidity.-In addition to all adjustments, 
theodolites of all ltinds, a i d  their stands, must be carefully ex- 
amined for the slightest stiffiless in nla,aes whprp t , h ~ v  ~ l , r r ~ ~ l ; l  

Pagt~ 3 7 ,  para 46. 

After first sub-para add the followil~g sub-para :- 

I n  the case of one large Wild theodolite, i t  has been found 
that the back-lash, amounting to about 2 seconds, is not taken 
up by a single rotation of 180 , but tha t  i t  appears to be taken 
up i11 the course of first angle measurrcl, with very serious results 
to the accuracy of the triangulation. Accurate work has been 
obtained from this iostroment by ( a )  rotating the telescope 
about 10 full turns in the direction of swing after any change 
of face or zero, and ( h )  observing all the face left measures on 
any one zero in one colltinuous swing, followed by the face 
r i rh t  measures oil the opposite swing. Scr Geodetic Report - 
Val. VII, Chap. V1. 

AVO. 2 dc/fed 8-(?'-.?1. 
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47. Vertical axis.-It is particularly inlportailt that  the 
theodolite shoulrl turn easily oil its vertical axis. If there is any 
stiffness the axis must be take11 out, cleaned with petrol, and 
oiled. I n  t,he 12-inch theodolite t1his is not. a matter of difficulty, 
except for tllr weight of t,he instrument and the difficulty of 
supportinq the upper part  wl~ell i t  is reinovecl. A t  the extreme 
bottom of t h ~  12-inch theodolite a dust cay protects the bottom 
end of the bearing. If this dust cap and oilr or two capstan 
screws are removed, t,he upper part of the t,Iieodolit~ with the 
vertical nxis, call br lifted stmight out,. The telescope and 
vertical circle should of course be removed firstl. 111 orcler that the 
axis inay br 1ifti.d straight oat, t,he theodoli t~ should b(1 stood on 
a firm box, or other support nrar  the ground. Great care must be 
taken not to hend or injul.t> the axis or its bearinfi, iior to scratch 
it or let ilust sot,tle it. Both axis and b ~ a r i n g  should be 
washclil with petjrol, driibd, and oiled wit,h a very sinall quantlitly of 
the bost ( * l ( ) ~ l i  oil. Thp :%xis must  be returned vertically into its 
bearing with grr:tt care. ~t alny annst,iincs happen thatl the stiffiless 
dopa 11ot. lip ill the b0nring of tllr vcrticnl nxis but in t.liatl of the lower 
 plat^, whicll tlu.11~ wit11 it. This shonlcl also he rcmoved ancl oiled. 

In t h ~  12-inch t1hroi1olit~ the axis and its bearing arc conical. The 
Pressure on the conical seatring, and consequently the stiffness, can be 
regultitprl by  mpans of the cap a t  the bottoln of the axis. I f  this cap 
is screwed ip, it  h k e s  solne of the weight. It is then clamped in 



46. St i f fness  and rigidity.-In addition to  all adjustments, 
theodolites of all Binds, and their stands, must be carefully ex- 
amined for the slightest stiffness in places where they sliould move 
freely, or slackilesa where they sllould be rigid. A well-defined 

should be repeatedly intersected after a full swing right and 
after a full swing left, alternately, on the same face. If the results 
differ systematically, something is slack. This is a much more 
severe test than the theodolite receives in practice; for, when angles 
are being measured, the theodolite is swung up to  each station in 
the same direct'ion; and if back-lash is constant, i t  is largely 
eliminated. A theodolite would probably be capable of accurate 
work, if this test showed a difference of as much as five seconds, 
especially if the difference was constailt withill a second or two. 
Nevertheless, all slacklless is bad (it may get worse) and every 
effort should be made to  discover and eliminate the cause. 

Similarly, all slow lnotioil screws and micrometers should be 
tested for back-lash by intersclctiilg with them first from one side and 
then froin the other. I11 practice, intersection will always be made 
against the spring, but the presence of much back-lash or lost 
motion will indicate tha t  the instrunlent is not in perfect order. 

47. Vertical axis.-It is ~ar t icu lar ly  important that  the 
theodolite should turn easily on its vertical axis. I f  there is any 
st'iffness the axis must be t:tken out, cleaned with petrol, and 
oiled. I11 the 12-inch theodolite this is not a matter of dificulty, 
except for t,he weig:.'llt of t,he iilstruinent and the difficulty of 
supportinq the upper part  when i t  is removed. A t  the extreme 
bottom of the 12-inch theodolit,e a dust cap protects the bottom 
end of the bearing. If this dust cap and one or two capstan 
screws are removed, tile upper part of the t'heodolite with the 
vertical axis, call be lifted straight out,. The telescope and 
vertical circle should of course be removed first. I n  order that the 
axis inag be lifted straigllt, out,, t,he th~odoli te  should be stood 011 

a firm box, or other support near the gy1111(1. Great care must be 
taken not to bcnrl or illiUrp thp axis or its bearing, nor to scrat'ch 
it or let dust sc.tt]r (;n it. Bot,l~ axis and bearing should be 
washed with l?c.tro], drier], and oiled wit'h a very small quantity of 
the best cloclt oil. Tllp :%xis must be returned vertically into it's 
bpariiig wit11 great, rare. It, may solnet,ilnes happen t'hat the stiffness 
does liot lip in t,hr llparillg of t,h;b vertical axis but in that  of the lower 
plate, wllicll tnnls wit11 it,. This shoulcl a l ~ o  hc removed and oiled. 

In the 12-incll t,heorlo]ite the axis and its bearing are conical. The 
Pressure on the conical and collsequently the stiffnegs, can be 
re~ulated by means of thp cap a t  the bottom of the axis. If this cap 
is screwed up, i t  Ckes some of the weight. It is then clamped in 



posit'ion by means of the  capstan screw above it. If the axis is raised 
too much i t  may become loose in its bearing : this will be shown 
up by the resulting inst'ability of the instrument's level. 

To oil the vertical axis of the Wild theodolit,e is not so easy, 
but  i t  can b;! carried out in the field without much difficulty ag 

follows :- 
(cci Remove the small prism which introduces light to 

the horizontal circle, and also it,s bracket. 

(b )  Remove any one of the t,hr.ee foot-screws thus- 

( i ) Unclo the capstan-headed screw on top of the foot- 
screw. 

( i i )  This exposes a small screw inside. Undo it. It 
is a left handed screw. 

(iii) Screw the foot-screw right out. 

(c) Unclo the six small screws spaced round the bottom 
of the casting of the horizontal circle. The bottom cover of 
tche theoclolite may then be pulled out. The prism in the 
midclle comes with it,. 

(d)  This exposes the t,wo long prisms which reflect the 
light on to  and from the l~orizontal circle. They are fasten- 
ed to  a t,nbe which enters, a ~ i d  screws into, t,he vertical axis, 
They shoulcl be removed by bodily unscrewing them, together 
wit'h t,his tube. Some strength may be required. No srn.~;' 
screws neecl be removed. 

(o) The spring of the horizontal slow motion should be 
removed by unscrewing the cap a t  its base. The upper part 
of the theodolit'e t'ogether wit,h the vertical axis may now be 
lift,ecl out. 

( . f )  The axis and its hearing should be cleaned with 
petrol, and after (lr-jing, oiler1 with the best clock oil. This 
shollld always be carrier1 in the fielcl. Over-oiling should be 
avoided, on account of t'he risk of oil getting on t o  the glass 
surfaces. VSTitjh reasonable care this risk is small. 

(9) The theorlolit,n shonl~1 then be re-assembled The 
two :ong prisms shoalrl not he scmnerl up with unlimited 
force as t,hc slight distmortion t,hereby incluced in the axis may 
make i t  t'ight in it's hearing. 

If t,hey are t,ight,ened too much or too little, t'he two geta 
of graduations of the horizontal circle, R P ~ I I  in t , h ~  reading 
telescope, will not appear a t  right angles to the fine line 
dividing them. The adjustment need not be very exactf 
although i t  is desirable tha t  the sca)n divisions should be Bd 



to  tthe dividing line as possible, to  avoid 
difficulty in judging the exact coincidei~ce. 

This perpeildicularity call be achieved while the prisms 
are being tightened, by putting the theodolite up in t,he usual 
upright positioi~ and watching through the microscope as the 
tightelzing proceeds. The diffused light from the table is 
enough to light up the graduations. A large error i11 this 
adjustment inay cause a small error in tlhe "run " of the 
micrometer : this should be tested after assembly. 

(h) After screwing up these prisms, they and the glass plate 
on the upper side of which the graduatioils are cut, should 
be carefully and thoroughly cleaned wit'h a chainois leather. 

( i )  The six small screws round the bottom of the casing 
of the horizoiltal circle should not be done up too tight, as 
their threads are easily stripped. 

48. Measurement of angles.---All measures of angles 
are made in pairs, face left and face right. On face left the 
telescope is swung left, i.e., from right to  left, and on face right i t  
is swung right. Two such measures are know11 as a "set!", and the 
mean value of a set should be free from any errors of ~ollimat~ion 
or of dislevelinei~t of the transit axis : i t  should also be fairly 
compeilsated for any small amount uf looseness or lack of rigidity 
ill the lower part of the theodolite or ill its stand. 

r ! 
-. .. , . 1 - .. * ... , . " , 7  '1 1 ' 1  

E'OT " 111 primary triangulation. . . . . . . . a  three nlicrumehr ", 
.wrb.uti/lcte t,he following :- 

hl primary t,riangulation three sets are observed on each 
of 1 0  zeros ill the rase of a two-lnicroscope theodolite, a i d  six 
set,s on each of 5 x ~ 1 . o ~  ill t,he case of H thi-e~-~nicroscope. 

xo. :$ , / f [ t ~ , /  ,v-(;-:j 1.  

_ _ _ _ _ _  - _  _ _ _ _  _ _ _ _ _ _ - - -  - --  -- 
be, their angular separatioll multiyIiecI by their i~oinber should be 
about equal to 180' ill a two-lnicrosco~>e and 60' in a three-micro- 
Scope *. Thus, if a three-lnicroscopp theodolite is bein6 used 011 

5 zeros, the cllange betweell zeros will be about 12" *; wlttll a two- 
micl'oscops theodolite i t  be 18". For, i t  is apparent that 011 a 
two-microscope t,llrc>do]ite ohsc.rvntions oil zero Oo cover exactly 
the same part of the circle as abst.rvations on zero 180°. 8ilnilarlg, 

36' and 21 G C  are the same. And on a three-microscope theodo- 
lite srms OC and 2 4 . O ,  1 20° 14,4*", 34*0° and 2643 are resyec- 
tive1.y identical as also are OC FL and GO0 FE, e h .  - -- ' bnt see page 40. In  the c f i ~ c  of tho thl-ee-micl-oulrt~l. theodolite i t  18 custonl~l'y 
to change hy 132" (viz., 130°+ 12') in order to  obtain greater vllriety of position of the 
grdaated 01role. 



perpendicular to  t,he dividing line as possible, to  avoid 
difficulty ill judging the exact coincidence. 

This perpendicularity call be achieved while the prisms 
are being tightened, by putting the theodolite up ill the usual 
upright position and watching through the inicroscope as the 
tightelzing proceeds. The cliffused light from the table is 
enough to light up the graduations. A large error in this 
adjustment may cause a small error in the " run " of the 
micrometer : this should be tested after assembly. 

(h) After screwing up these prisms, they and the glass plate 
on the upper side of which the graduat'ions .are cut, should 
be carefully and thoroughly cleaned wit11 a chamois leather. 

( i )  The six sinall screws round the bot,toin of the casii~g 
of the horizontal circle should not be done up too tight, as 
their threads are easily stripped. 

48. Measurement of angles.---All measures of angles 
are made in pairs, face left and face right. On face left t,he 
telescope is swui~g left, i.e., from right to  left,, and on face right i t  
is swung right. Two such measures are 1~110~11 as a "set", and the 
mean value of a set should be free from any errors of colliinat,ioil 
or of dislevelineilt of the transit axis: i t  should also be fairly 
compensated for any small amount of looseiless or lacli of rigidity 
in the lower part of the theodolite or in its stand. 

Since the circles of theodolites cannot be perfectly graduated, 
it is necessary to ~neasure each angle on several different parts of 
the circle. After one or inore sets have been completed, the gradua- 
tions are moved on a certain number of degrees, a i d  the measures 
repeated. This process is kl~own as "changing zero", and all 
measures made between ally two changes of zero, are said to be 011 
6 6 

zero 8 ", where 8 is the face-left circle reading of one specified 
station, knowil as the "zero statioa". I n  primary triailgulation 
three sets are observed on each zero, and measures are made on 10 
zeros in the case of a two-lnicroscope theodolite and 5 zeros in the 
case of a three-micrometer. Whatever the number of zeros inay 
be, their angular separatioll m~ltipliecI by their nonlber should be 
about equal to 180' ill a two-lnirroscop~ and 60' in a three-micro- 
scope *. Thus, if a three-1nicroscopt. theodolite is bein! used 011 

5 zeros, th r  chailge betweell zeros will be about 12' *; with a two- 
microscope theoclolite it, be 18". For, i t  is apparent that 011 a 
two-microscol~c t,he0c1o]it~ obsrrvations on zpro O0 cover exactly 
the same part of the circle as observations oil zero 180'. similarly, 
zeros 36' ancl 2 1 6' are the snlne. And on a three-microscope t8heoclo- 
lib zeros OC and ?,lo, 120° 14,4", and 24.0' and 2G43 are respec- 
tively idel~t~ical as also are Or FL and GO0 FR, etc. 
--- -- 

ISllt Rce page 40. In thr case of the three-lnicrometrr theodolite it 18 custonlal'y 
to change 132" (viz., 130" + 12') in order t o  obtaiu greater variety of position of the 
Eraaated oirole. 
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SEC. TIT.] GEODETIC TRIANGULATION 

In  order to cancel out any error arising from imperfection in 
the run of the micrometers, t,he zero settings should not be whole 
numbers of degrees, but should be whole degrees plus a varying 
number of minutes, the millutes of the different settings progressing 
evenly through one graduation interval of the circle. It is not 
possible to make zero settings with ally great accuracy (especially 
on the 12-inch theodolite), but they should be made carefully with 
errors of not more than 30 seconds. If all zero settings were whole 
rlegrees, an error due to micrometer run would be unchanged on 
all zeros, and the run woulcl have to be adjusted with almost im- 
possible accuracy. By this system the error caused by inaccurate 
run is reduced by 80c/,, and an error of one or even two seconds per 
10 minute run has negligible results. 

The zeros to be normally used are :- 

Wild. 

Apparent Actual setting ! 

The labour involved in a change of zero is small. If it is 
found that  the difference between measures on different zeros are 
much larger than is to be expected from the accordance of different 
measures on the same zero, the number of zeros should be increased, 
and fewer measnres made on each. Thus, insteacl of 3 sets on 10 
zeros, there may be substituted 2 sets on 15 zeros, or even a single 
set on each of 30 zeros. On the other hand, the 1lurnl)er of zeros 
should not he increased unnecessarily, as apart from a littlrb saving 
of time in reading and recording, the smaller iiuinber of arlroa, with 
two or three sets on each, provides the ohserver wit.h a good criterion 
of t'he steaclirles~l of his observations, and of thc ahsenc~ of changes 
in lateral refraction. If zero is changer1 hetwecn every set, avoid- 
able errors may be attributed to graduation error, and so passed 
unnoticed. 



In  the 12-inch theodolite the eye-piece is ixovided with s moving 
wire. Intersection with this wire, and readings on its micrometer 
drum, can be repeated in a small fraction of the time required to turn 
the telescope and read the circle micrometers. Consequently it is 
customary to  make severaI iiltersections with the moving wire, a t  
each pointing of the telescope. This is especially useful when the 
atmosphere is unsteady and i~ltersections are doubtful. The rules for 
the use of the eye-piece micrometer are:- 

(1) That all observations will be made within 15 divisions 
of the zero position. 

(2) That  a t  least 3 intersections will be made, and tha t  
if their reading ranges through more than three seconds, 
repetitions will be made until the number of readings equals 
the number of seconds in their total range. I11 very flat 
country it may be necessary to relax this rule. 

In  the Wild theodolite there is 110 moving wire, but the circle 
is read with extreme ease. Two readings mill always be made (see 
pars 42), and if they differ by more t,han two seconds (one double 
second) repetitions will be made as above. It mill generally be 
convenient to  make repetitions in pairs. 

The detailed procedure is as follows :-Suppose the observer 
is a t  A (see fig. 11) and tha t  stations B, C, D, E and F are visible. 
Either station B or F will be selected as zero station: the right-hand 
station is the more convenient, as the zero setting is most conve- 
niently made for face left, swing left. If F is selected, the first 
swing will be to the left, so the theodolite will be set on FL, and 
the graduations will be so placed that  the reading is 0' when the 
telescope is directed on F. The telescope is tllen pi i l ted about 30' 
to the right of P and gent,ly swung up to it, care being talteii that  
the telescope is not sw~lllg beyond i t  further than can be brought 
back by the slow lnotioll screw. If i t  is overswmig i t  must be swung 
right round the circle unt,il i t  is just short of the mark. The mark 
is then intersected with the slow inotioil screw, the last motion of 
the screw being against the spring. If the mark is overshot, the 
screw must be t,urned well back and t,he int~rscction repeated. The 
final intersection is t,hen made with t , h ~  1novi11g wire (if any), care 
again being t a k ~ n  t,llat, t,hc last movemcnt is against the spring. 
The necessary i n t ~ m ~ ~ t , i o n s  having b ~ r n  made and recorded, the 
circle m i c r o m ~ t e r ~  arc rend to the 13earest tent1h of a second. I n  the 
Wild theodolite, t he  circIr is rcad a t  cxch intersectiol~ (as explained 
above). The upper circle is t h m  nnclamped, the moving wire is 
Bet to approximaBly zero, the telescope is Swung 011 to  E and the 
process repeated, ulj;,il t,he seacling of B has been completled. Face ia 



- 
then changed to  FR,' the telescope being swung round in such a 
direction that  it comes up to B from the left, and the rould is 
repeated from left to right. This completes one set.  The next set 
may convenient'ly be taken first on FR, swing right, beginning at B, 
The first set having been completed by the intersection of F, the 
telescope must be swung round to B by a continuous right handed 
movement. 

With regard to the direction of swing of the telescope, the 
fundamental principles are :- (1) That measures of every angle must 
be made in pairs of swing right and swing left. (2)  That, apart from 
this, the motion must be continuous in one direction without reversal. 
(3) That, after a reversal of the direction of movement, the telescope 
should be swung a t  least 30' in the new direction before any inter- 
section is made. 

If,  a t  any intersection after the first of a round, the telescope 
overshoots the mark beyond the range of the slow motion screw, it 
will not suffice to  swing round the circle, and then to re-intersect. 
The telescope must be swung round the circle to the preceding sta- 
tion, tha t  preceding station must be re-read amd recorded, and the 
round continued from that  point. If, as is bound to be the case, t'he 
second reading of that  station is not identical with the first, the first 
reading should be used to deduce the angle between i t  and the 
stations preceding it, and the second reading should be used with 
those of succeeding stations. 

I n  tqhe above example the stations F to B have all been 011 one 
side of the station A, leaving an angle of about 180' whose measure 
is not required. At  the central station of a polygon where all the 
angles are required, or a t  any station where the unwanted angle is 
less then 90' the procedure will be a little different. Starting at 
the telescope will intersect the stations in turn through E to B, and 
will then be swung on in the same direction unt,il F is re-intersected 
and re-read. If the second reading agrees with the first withill such 
small limits as may reasonably be attributed to rending error and to 
lateral refraction, the first measure will be used in conjunctiol~ with 
E, and the second with B. The difference between th6 two reading8 
will not be distributed through the round. If the differellce is 
exceptionally large, i t  must be attributed to movem~nt of the gradfla- 
ted limb, and t'he round must be rejected and repented After a 
swing left  has been satisfactorily completed, face should be chal%'(l, 
the telescope redirected on F, and the round repeated ill the 
opposite direction. 

When the appointed number of sets on t,he first, zero have 1 1 ~ ~ ~  

completed, zero is changed, and measures on the next zero are ma& 



lhen changed to FR,' the telescope being swung round in such 
direction that  it comes up to B from the left, and the round is 
repeated from left to right. This completes one set. The next set 
may conveniently be taken first on FR, swing right, beginning at B. 
The first set having been completed by the intersection of F, the 
telescope must be swung round to B by a continuous right handed 
movement. 

With regard to the direction of swing of the telescope, the 
f~ndamenta l  principles are:- (1) That measures of every angle must 
be made in pairs of swing right and swing left. (2)  That, apart from 
this, the motion must be continuous in one direction without reversal. 
(3) That, after a reversal of the direction of movement, the telescope 
should be swung a t  least 30' in the new direction before any inter- 
section is made. 

If ,  a t  any intersection after the first of a round, the telescope 
overshoots the mark beyond the range of the slow motion screw, it 
will not susce  to swing round the circle, and then to re-intersect* 
The telescope must be swung round the circle to the preceding sta- 
tion, tha t  preceding station must be re-read and recorded, and the 
round continued from that point. If, as is bound to be the case, the 
second reading of that  station is not identical with the first, the first 
reading should be used to deduce the angle between it and the 
stations preceding it, and the second reading should be used with 
those of succeeding stations. 

I n  the above example the stations F to B have all been on one 
side of the station A, leaving an angle of about 180' whose measure 
is not required. At  the central station of a polygon where all the 
angles are required, or a t  any station where the unwanted angle i8 

less then 90' the procedure will be a little different. Starting at 
the telescope will intersect the stations in turn through E to BB, and 
will then be swung on in the same direction until F is re-intersected 
and re-read. If the second reading agrees with the first within such 
small limits as may reasonably be attributed to reading error and to 
3 0  n I .  . - 
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in the same way. It will generally be convenient to begin each 
zero on FL. 

49. Broken rounds.-It will often happen t'hat all the 
signals are not visible. I n  such a case the observer should proceed 
with the intersection of such stations as are visible. The absence 
of one stmation will result in his obtaining measures of the sum of 
two of the required angles, instead of their separate values. As soon 
as the missing station becomes visible, he must measure the angle 
between i t  and either of its neighbours, thus directly measuring one 
of the missing angles, the va.lue of the other being obtained by 
subtraction. These supplementary measures must be entered in the 
angle book in the order in which they are made: they should not 
be incorpora.tecl with the readings of the original round, of which 
they should have formed a part. Although often unavoidable, this 
procedure is not a desirable one. It wastes time, it confuses the 
record, and i t  provides indirect measures of less weight than 
ordinary direct measures. The observer must do his best to avoid 
it, in so far as i t  can be prevented by good training and organisa- 
tion of his signal squads. But if a signal is not showing when 
required, i t  will seldom pay to wait for i t  more than one minute 
before proceeding to the next intersection. Under some coi~dit~ions 
(e.g., when the sun is rather occasionally showing through clouds) 
it is best to concentrate on the measuremeilt of one angle a t  a 
time. 

It is to be remembered that  the two intersections, which consti- 
tute the measure of an angle, must not be separated by an interval of 
several minutes, but must follow each other quickly. Temperature 
changes in the stand and instrument are lilrely to cause movement 
of the graduated circle during the delay. 

The zero setting for a broken round is obtained by adding the 
required reading of the zero statioil to an approximate value of the 
angle between that statioil and the first stattioil included in the 
broken round. 

50. Time of Observation.-The normal procedure is to 
observe about half the allgles by day and half by night, but this is 
not a rule to be rigorously enforced, and, if the observer thinks i t  
desirable, the angles may be measured wholly by day or wholly by 
n l~h t ,  except for grazing rays (see below). If the rays are lollg, 
'"(1 the atmosphere a little hazy, lamps may be invisible, while 
h~lios may show up fairly On the other hand in clear but 
cloudy weather the lamps show better than the helios. If the 

paas a t  all close to the the marks may be so ullsteady 
durillfi tlhe mi(l(lle of t,hc day that observations a t  that time are 
worthless, however clearly the helios may be showing. With such 



rays the best time is in the evening and a t  night. In  flat ground 
morning observations are seldom possible. 

A ray which grazes past the side of a hill, and so is suspected 
of suffering from lateral refraction, should be observed half by day 
and half by night. According as the hill is hotter or colder than 
the surrounding air, so is the sign of the lateral refraction likely to 
be reversed. Consequently the mean of day and night observations 
has a chance of being considerably better than either, although no 
reliance can be placed on this. Of more consequence is the fact 
that  the error due to lateral refraction is unlikely to be greater 
than the difference betweei: the day and night observations, so that 
its presence will be 'evealed *; although there is no certainty of 
this eit'her, unless the hill is fairly free from jungle and well 
exposed to the sun. To sum up, grazing rays must be avoided. 
If there is any suspicion of a graze, observations must be made both 
by day and by night. If the daily mean differs materially from the 
nightly mean, i t  is obvious that  the graze is affecting the ray, 
whereas if day and night values do not differ much, and if the 
surface of the hill is well exposed to the sun, it may reasonably be 
hoped that the graze will have done no harm. (See Appendix I). 

51. Miscellaneous Instructions for Observers:- 
(a) I n  primary triangulation an observatory tent will 

always be used. 

( b )  When a 12-inch theodolite is being turned in azimuth 
i t  should be held by the lmobs provided on the ring which 
guards the horizontal circle. A Wild theodolite should be 
turnecl by the stanclards. A theoclolite should not be turned 
by the telescope. The movement should always be slow 
and even. Besides the risk of moving the lower plate, rapid 
movement will probably result in the mark being overshot. 

(c) The theodolite should be turned a few revolutions in 
alt,itucle and azimuth before starting work every morning. 

(d )  The theodolite must be kept clean, and frequently 
dusted. Dirt on the outside may do no harm where i t  is, 
but i t  is likely to get insicle. The theodolite should alwsys 
be clustecl with a small brush before work, the painted BW- 

faces first and the bright surfaces later. I n  particular the 
pivots and the bearings (in the 12-inch) must be kept cleann. 
Lenses shonlrl be dusted lightly with the brush, but rubbed 
little as possible. If greasy mark8 have to be removed, the 
lens sho111d be rubbed with very soft paper slightly damped. 
The component parts of a compound lens should never be 

___ -- - _  __ - ______/ 

* Unle~s  thp qrada~tion erlor of the i n ~ t r n r n e n t  i s  known, or ia negligible, it is 
aselese to compare ol)servntions on different zeros for this,purpose. 



separated unless absolutely necessary. If it has to be done, 
they must be clearly marked beforehand so that they can be 
replaced in exactly the same relative position, with the same 
faces touching and without relative rotation. 

(e) A 12-inch theodolite should be lifted by its tribrach 
or foot-screws by two men. A Wild theodolite is lifted by its 
standards. 

(f) Iiltersections should be made close to but apart from 
the horizontal wire. When the diaphragm is provided with 
a vertical wire which is partly single and partly double, the 
double wire is generally preferable for use with luminous 
signals. 

(9) When eye-pieces of different magnification are provided, 
the highest power should generally be used for luminous 
signals, even when bad atmospheric conditions cause the helio 
to spread; the large magnification may help the observer to 
select the right point of intersection; low magnification 
merely hides the difficulty wit'hout remedying it. A lower 
power may be more suitable for intersected points. 

(h) If a helio appears so bright as to dazzle the eye, it 
should be dimmed by holding a screen of muslin in front of, 
but not touching, the object-glass. Screens of single, double 
and triple inusliii may be kept for the purpose. 

( i )  Except in stormy weather a 12-inch theodolite 
should be left undisturbed on its stand throughout the obser- 
vations a t  any one station. It should be protected by 
a suitable cloth or flannel cover. On t'lle other hand a Wild 
theodolite should be talren down and returned to its container, 
whenever observations are interrupted. 

( j  ) It is essential that cooking tents and fires should be 
well removed from the station. Hot air rising from them 
will cause serious lateral refraction. It is desirable that 
they should be kept well away from the line of any ray, 
and that all fires sliould be reduced to a minimum while 
observations are in progress. 

(k) The observer must be careful not to place his feet 
on the pillar on which the theodolite stands. 

( 1 )  The llr.ight of the throdolite must suit tohe height 
of the observer. This innst be verified before leavillg head- 
quarters, where t l l ~  legs of the stand can be cut down if 
necessary, or R fresh sta,nd call be made. 

(m) Except when t,he signal appears to be moving from 
aide to side, tire observer should not dwell on his intersection. 



He should train himself to make his intersections carefully 
but rapidly, and to  proceed to the reading of the circle as 
soon as he is satisfied. He should occasionally watch the 
light for half a minute or so, without moving the wire, to 
detect the presence of slowly changing lateral refraction. 

n )  The variations of vertical refraction are not fully 
understood, and further research can only be based on fresh 
data. Observers should make use of any opportunities of 
supplying fresh data, which may present themselves. Suitable 
data are a series of careful vertical angles to different points 
lying in similar directions, but a t  different distances and 
elevations, taken throughout the day a t  about hourly 
intervals, together with hourly temperature readings (at both 
ends of the ray if possible), and a measure of the minimum 
temperature during the preceding night. 

(0) When horizontal angles are being observed the 
vertical axis must not be tightly clamped. It should be 
lightly clamped, just sufficiently to enable the vertical slow 
motion screw to move the telescope. 

( p )  When measuring horizontal angles the mark should 
be brought close to the horizontal wire with the vertical slow 
motion screw. The last turn of this screw should always 
be in a screwing up direction, since in some instruments it 
has been found that  the horizontal pointing varies considera- 
bly according to the direction of the last movement of this 
screw. 

52. Intersected points.-Intersected points must be fixed 
with the accuracy demanded by the purpose which they are intended 
to fulfil. It is not ordinarily the cluty of the geodetic triangulator 
to fix intersected points : this can generally be done more economi- 
cally by another agency. It will generally suffice to observe them 
FL and FR on a single zero. Similarly a single pair of FL and FR 
vertical angles will also suffice. Vertical angles should be observed 
during the hours of minimum refraction, but if these hours are 
wholly occupied by the observations to stations, or if the poiilts are 
then invisible, the intersected points may be observed a i  an earlier 
or later hour, provided that one or two stations are re-observed at the 
same time. 

The horizontal angles should he observed as a complete round, 
beginninn and closing on one of the stations of thr  t r iai~~alat ion.  If 

?' 
many points are being observed i t  is prud~nt .  to close the round 
after every ten points, as a precaution against any movement of the 
theodolite which would require the repetition of the whole round. 



Ssc. 111.1 OBSERVATIONS 
---- 

53. Vertical angles.-Vertical angles must be observed to 
all statioils and iiltersected points. On account of the uncertainty 
of atmospheric refraction in the vertical plane it is impossible to 
measure vertical angles with the same precision as horizontal 
angles, so that  fewer measures are made. For instance it is un- 
necessary to change zero on the vertical circle, and no allowance 
for such change is made in the design of Inally theodolites, although 
in some 12-inch theodolites it is possible. 

Unless there are good reasons for the contrary (such as 
perpetual invisibility of marks during the day), all  vertical angles 
must be observed a t  the time of " miiliinum refraction ", i.e., between 
13.00 and 16 .OO hours. Frequent neglect of this rule practically 
amount's to an omission to  measure the height's of the stations. On 
the other hand it may be recognised tha t  the heights of primary 
stations are of less importailce than their latitudes and longitudes, 
and that  the omission of the vertical angles on a certain number of 
rays does not break the continuity of the determination of heights 
throughout the series. Nevertheless, the omission of any vertical 
angles does destroy the closures of height round two trian- 
gles, thus sacrificing a check on the work, and an important 
measure of its accuracy. As a general rule, work a t  no station 
should be prolonged for more than one extra day solely with a view 
to obtaining or completii~g the vertical angles. If circumstailces 
enforce the omissioa of some vertical angles, it must be ensured 
that there is a t  least some cont in~~ous  line of stmations from one end 
of the series to  the other, between which reciprocal observations 
have been made a t  the tiine of miilimum refraction. 

The virtue of observing a t  the tiine of minimum refraction 
does not lie in the smalli~ess of the refraction a t  tha t  tlime, but in its 
exceptional constancy. I f  reciprocal angles are observed between 
two stations, and if the atmospheric conditions are the same a t  
each end* and on the different days of observation, the error due 
to refraction will cancel, irrespective of whether its amount can be 
correctly calculated or not. At  t,he tiines of minimum refraction 
these conditions are fairly closely satisfied, especially in rays from 
one hill to another, passiiig well clear of the ground. A t  night and 
in the early morning, these conditions are not satisfied and observa- 
tions a t  those hours are of no use. The fact 1;hat the signals may 
appear steady a t  nigllt and in rapid irregular movement by day 
must not deiude t , h ~  observer into supposing tha t  the former time is 
the best for vertical ailgIes. 

If i t  is impossible to  observe between 13 and 16 hours, obser- 
vations should be made as near these hours as possible. I f  frequent 
- - - ---- .- -. - -- 

* ~ € t h e  stntions are of different height ,~ ,  conditions will not normnlly be the 
Aamc at  each end of the ray, Brit this normal difference is calcnlated and allowed 
for in the compntations. 



difficulty is being experienced, so that  there is risk of its being 
impossible to obtain even a single chain of stations with good recipro. 
cal vertical angles, the best chance of good results will be secured 
if vertical angles (and temperatures) are measured hourly from dawn 
to  as late an hour as possible, the temperature readings being 
continued up to 14.00 or 15.00 hours. Late midday observations to 
one or two stations will help the reduction of earlier observations to 
other stations, provided the stations which are observed at midday 
are also observed a t  the earlier hour. 

The mention of the above expedients must not deter the 
observer from making all possible efforts to observe a t  the proper 
time. The only valid excuse for not observing between 13 and 16 
hours is that  the stations were invisible. 

All vertical aligles to stations should be measured on a t  least 
two different days. Observations will be in pairs FL and FR. A 
measure of a vertical angle on one face only is worthless. Unless ex- 
ceptional divergences are shown, four such pairs will suffice, two each 
day. With the Wilcl theodolite, intersections and seconds readings 
are made in pairs in the same way as for horizontal angles. With 
the 12-inch theodolite a single readin6 will generally suffice, but if 
the signals are very unsteady, the moving wire micrometer may be 
rotated 90°, and brought into use. It should be remembered that 
this will upset the adjustments for collimation and verticality of the 
wires, and possibly t,hat for parallax. With the 12-inch theodolite 
the upper bubble must always be read and recorded; with the wild 
it is brought to the centre of its run immediately before each 
intersection. 

Some levels are graduated from the centre outwards, and 
others consecirtively from one m d  to the other. Different rules 
for correcting the observed angles for dislevelment are necessary 
in the two cases. For levels graduated from the centre outwards 
the formula is as follows :- ' ('1 --%':(E) x d, where 1 (0) and 2 (E) Level correction = . . 

n 
are the sums of the reedings of the object and eye-ends respectively, 
d is the ~ a l u e  of one division of tJle IPvel scale in seconds, and n. is the 
total number of level readings counting each pair of eye-end and 
object-end observations as two This correction is to be 
applied with its rewltinq sign to altitudes and with reversed sign to 
depressions and zenith cllstances. 

For levels graduated from one end to the other, the formull 
is as follows :- -- 

- + ~ ( O R + ~ R ) ? P ( O , + E ~ J  d, nhete Level correction - - n 



(OR +ER) and d (OL +EL) are the sums of the object and eye-end 
readings on face right and face left  respectively, and d and n are as 

upper 
above. The - sign gives the correction with its resulting lower 

depressions and zenith distances 
sign which is to be applied to  altit,udes if the 

graduation reads from the object-end towards the eye-end when 
altitudes 

the instrument is face right, and to  depressions and zenith distances 
if the graduation reads in the reverse order on the same face. 

The bubble correction must be applied to each mean of FL and 
FR. 

The system of the graduations of the vertical circle varies in  
different instruments. I11 12-inch theodolites the circle is graduated 
from O0 to 360' in such a manner tha t  elevatioi~s are directly read 
on FR, and 180' nzilzus elevations on FL. The observer must 
examine his theodolite and discover the rule by which the mean value 
is to be obtained, and how elevations are to be distinguished from 
depressions. 

The temperature, pressure, and t'ime of day must invariably be 
recorded, together with a few reinarks about the st'ate of the air, 
for example whether the preceding. few hours have been sunny or 
cloudy, whether the signals are st,ill or jumping, whether there has 
been rain or t~limlclerstorins, or if they appear to be threatening. 
Of the above, t,he time of clay is the most important. 

The height of the i i~strument above the upper mark-stone must 
be recorded, as must also the height of t,he helio or signal left  a t  the 
station. 9 1 1  measurelnei~t,~ are to  refer tlo the upper mark- tone. 

54. Illumination at night.-At night. the Wild theodolite 
is illuminatPd by electrical at,t,achinents. The lighting prism of the 
horizoilt,al circle and of the prisms' on the telescope are un- 
screwed, and the t,wo ]amp holders screwed intlo their places. That  
marked 1 is for the horizollt;tl circle, a,ncl 2 for the vertical circle. 
For screwing in 2 tile t,e]psool,e must, be t'iltrd until the eye-piece 
nearly touches t,he supports, to enable the holder tn clear the verti- 
cal cla,lnp while i t  is being scrrwed in. The vertjical circle light 
also illurnii~at~cs t,he cross-wires. For reading the bubble a hand torch 
is pmvidnrl, lit by the i~at terg as the lamps used for reading the 
circles, but i t  is iellrrnlly morp convai~ient to disconnect this torch 
and to use an o r d i ~ l a ~ . ~  &rch with bat,t,eries self-contained. 

l a c r ~ a s ~ d  accuracy call probably he oht'ained by electric illumi- 
nation of the circlps b i  day as well as by night). 



With the 12-inch theodolite the circles are illuminated by 
means of an electric torch directed on to the white reflectors above 
the circles. This light must be directed radially from the front of 
the observer's body. It must not be directed transversally, or sha- 
dows will cause an apparent displacement of the graduations, The 
cross-wires are lighted through the transit axis by an electric lamp. 

55. Recording.-It is essential that  the record should be 
kept in a clear legible hand with practically no erasures. Unavoid- 
able corrections must be neatly made in such a manner that the 
original entry is still legible, but corrections should very seldom 
occur in the early columns. If  for any reason, considerable confu- 
sion arises in the angle book, i t  is permissible to make a fair copy 
at the h e ,  but this copy must be labelled as such on every page, and 
the original must on no account be destroyed or suppressed. The 
circumstances necessitating the preparation of a fair copy should be 
noted on both fair and original, and signed by the observer. 

Different forms of angle book are provided for the recording of 
horizontal and vertical angles, and for the 12-inch and Wild theodo- 
lites (see figs. 1 2  to 15). If all or most of the stations are regularly 
showing, the recorder may enter their names in due order, a short 
time in advance of the observations. But if the observations are 
being made in irregular order the observer must call out the name 
of the station before the recorder can enter it. 

The face and zero must be carefully recorded, and responsibili- 
ty lies with the recorder to notice that  the face has been called 
correctly, and that  changes of face and zero are made in the correct 
order. The observer will explain to the recorder any departure0 
from the regular order which he may find necessary. 

A11 readings of the micrometers and levels must be repeated by 
the recorder as he writes them down, and the computation of the 
means and of the correction for the eye-piece micrometer must pro- 
ceed concurrently with the recording, so that irregular values can at 
once be detected and repeated before the next change of zero. The 
recorder must immediately draw the obeerver's attention to any 
discrepancies between eye-piece micrometer readings, or angular 
measures, which are beyond the normal limits laid down, and he 
should notioo any gross error in the reading of the degrees and 
minutes. It is desirable that the abetract should be kept up with 
the observations. This can be done by a, practiced recorder, who 
can thus point out any wide values which are obtained. 

The means of pairs of BL and FR will not be taken out except 
in the ca~ie of horizontal angles to heavenly bodies, of vertical 
angles to all objecte, or when a very large error of collimation 
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Fig. 14 
24 Trian. S u r b c g  o f  f n b i a  ~ e ~ e . . s . .  

dnglrr token at .R+t . . .  n.s- with ~ a v e  wild Theodolite NO. .... 111 ........ oared ~.L. . I . IA~.Q.  ...- 

Ob-ed b.. . . h,e,c,. , , . . . , . . , , .Recorded by.. . .ALE.. . . . . . . . . . . . . . . . . . . .cA&~ b.. . G-k!-(*. . . . . . ..... - ..-... 





Fig. 15 
25 Trien. S u t b t g  o f  H n b t a  Page. .!2. 
A n g r  take. at.  . R3.k.o* . n-s .... with Large Wild T'hwdolite No. ... 1.1.1.. ... Dated .... l.:...l.I..:.43Q 





dislevelment of the tramit  axis causes a ~oticeable discrepancy in 
the horizontal angles to terrestrial objects. 

With the 12-inch theodolite the eye-piece micrometer readings 
must be meaned, multiplied by the value of one division of the drum, 
and also by the secant of the angle of elevation or depression. I n  
observations to terrestrial objects this secant will be very nearly 
unity. The multiplication may be omitted if its effect is to change 
the mean reading by less than 0 . 1  second. As the micrometer 
readings must never exceed 15 divisions (about 20 seconds) the se- 
cant may be ignored if the angular elevation or depression does not 
exceed 6 degrees. The conversion of micrometer readings to seconds 
of arc may easily be performed by means of a table prepared for the 
purpose, or by slide rule. 

The headings must be properly filled in, and the hour should 
also be recorded once on each page. The observer and recorder 
must sign the record. 

At each station duplicate angle books are prepared on unbound 
sheets, which are sent in to the Director as soon as completed. 
They are prepared by copying the actual observations from the 
original, but the means are computed independently and are com- 
pared with the original. 

56. Abstract.-The abstract Form 6 Trian (see fig. 16) 
must be kept up-to-date from hour to hour as the observations 
proceed. Prompt entries in this form are of great assistance when 
bad visibility makes it impossible to observe all angles in their 
regular order. 

When rounds have to be broken (see para 49), and some angles 
deduced, measures of the sum of two angles should be entered separ- 
ably in Form G Trian, as a new angle, the deduced values of the 
indirectly observed angle being entered in their proper places pre- 
fixed by the letter D. suppose two angles ADB and BDC are being 
measured (see fig. 1 I), and that owing to the illvisibility of B, some 
measures have beell made of ADC, supplelnented by later measures 
of BDC on the missing zeros. Then the rules for deducing and 
recording the missing values of the angles ADB are as follows :- 

(I) Measures of BDC must never be combined with 
measures of ADC on a different zero. 

(2) Measures of BDC made during rt round in which 
ADB was included must not be used in computing deduced 
values of ADB. 

(3) If on any one zero the number of measures of BDC 
made separably from measures of ADB is equal to the 
number of measures of D C ,  the individual measures should 



be combined in the order in which they were made, to  give 
an equal number of deduced measures of ADB. These 
measures should be entered in 6 Trian under ADB just as if 
they were direct measures, but prefixed by the letter D. 

(4) If the number of available* measures of BDC and 
ADC on ally zero are unequal, the zero mean of these mea- 
sures of BDC sliould be subtracted from the zero mean of 
ADC, and the differeiice should be entered in the appropriate 
column under ADB, prefixed by the letter D and a number 
in brackets indicating the number of measures of BDC or 
ADC, whichever is least. When computing the zero mean, 
this deduced value  ill be given weight corresponding to  the 
number of measures. 

The entries in Form 6 Trian will orclinarily be single measures, 
not means of FL & FR, ~znless systematic differeiice between faces 
makes i t  advisable to enter theiE means only. Such cases should 
be clearly indicated in the form. 

All measures which the observer may consider fit for rejection 
should be entered in the abstract form where they should be lightly 
ruled out, and prefixed by the letter R. The reason for rejection 
should be recorded in the angle book. 

The final mean values of all angles must be completed and 
checked before any station is left. I f  the observations at  that 
station complete the three angles of any triangle, the sum of the 
three angles must be compared with a preliminary value of the 
spherical excess, alid the t8riang~zlar error noted, so that re-observa- 
tions can be undertaken a t  once if required (see para 59). For 
the computation of the spherical excess a rough value of the area 
of the triangle can be ~bt~ained from the chart and used in conjunc- 
tion with Table 1 Sur. At  a central station the discrepancy betweell 
the sum of all the angles and 360° should also be noted. 

Single measures will he r~cordcd to the nearest tenth of a 
second. Zero means and the general means will be computed to 
the hundredth of a scconcl. 

The abstract form will be computed in cl~zplicate and one copy 
will be sent to the Director as soon as i t  is prcparecl. 

57. Rejections.--In spite of the greatest care on the part 
of the observer an ob~ervat~ion will sometimes be recorded which is 
clearly bad. If the cause of the badness is obvious, suoh as the 
observer having kicked the stancl of the theodlite, the fact should 
be noted in t'he anglr boolc, an(l the readings which are affected 
should be rejected and repeated. It will sometimes happen that 
the obaerwr calls out the wrong number of degrees or minutes, and - 

* see (1) & (2) on pego 51. 



6 
Tr

ia
n.

 
-.

.-
- 'E

 
- 

"
-
'
-
 --

- 

df
is

tv
nc

l 
of 

H
or

iz
an

ta
l 

A
n

gl
es

 O
bs

ec
ee

d 
at

 
R

z;
 ko

t 
E

. 
S

. 
2 

- 
W

;C
~O

. 

O
br

ew
cd

 b
y 

A
:B

*-
C

G
--

 -
 
-
-
 

E
x

a
m

in
e

d
 b

y-
-- 

I
)

L
-

 
---

-- 

A
b

s
lr

~
te

d
 by

- 
.
-
L
k
&
 

C
om

pa
re

d 
b

y
-

D
.E

*
F

. 
-
4
 

6
H

.I
 . 

B
eL

.o
nd

s o
f 

oh
se

vv
rl

io
n 

A
nl

le
 b

e
ta

m
 

O
° 

\8
° 

3
6

- 
5

4
 

72
- 

90
° 

1
0

8
~

 
12

6O
 

1
4
4
' 

16
2O

 

11
 

I
 

C
 

##
 

13
 

#
I 

8l
 

I,
 

H
.S

. 
3
3
.
6
 

3
1

.6
 

3
6
.
2
 

3
3

.8
 

3
2
.
8
 

31
 .

8
 

3
6
.
3
 

3
3

.8
 

3
3
.
4
 

3
3

 
9
 

3
3
.
3
 

3
4
.1

 
3

.5
. 3

 
3
5
.
3
 

3
0

.4
 

3
2

.6
 

3
4
.
7
 

3
4
.
9
 

3
2
.
8
 

3
5

.7
 

an
d 

3
1

. 
I 

3
0
.
8
 

3
6
-
 1 

3
4
.
9
 

31
 .
9
 

3
0

.2
 

3
5

.0
 

3
2
-
9
 

3
4

.0
 

3
4
-
 4
 

- a
m

o
u

r
 

m
.e.

 ,
 

3
0
.
7
 

3
3

.2
 

3
4
.
0
 

3
4

.2
 

3
3
.
5
 

3
2

.8
 

3
3

- 9
 

3
5
-
4
 

31
 -
9
 

3
6

.2
 

. 
3
1
.
4
 

32
.9
 

3
5

.1
 

3
5

 
3

2
.7

 
3

3
 -
9
 

3
4

.8
 

3
2
.
7
 

32.
. 
7
 

3
3
.
 

a 

3
 1

 
16

 
3

3
.8

 
3

3
 -
2

 
3
4
.
9
 

3
5
-
5
 

3
1

.5
 

32
.7
 

3 
5

- 7
 

3
3
.
5
 

3
3

.3
 

3
4

.9
 . 

N
O

. of
 

ob
as

ri
rt

io
nr

 
0

,
.
 

6
 

6
 

6
 

6
 

6 
6
 

6
 

6
 

6
 

6
 

O
na

te
at

 D
iE

er
en

ce
 

..
I 

3
 -

1
 

3
 -

3
 

2
.
2
 

\ 
-7

 
2
 -
9
 

3 
*

7
 

2
.4

 
2.
7 

?
*

I 
? 

94
 

ar
e 

Y
ea

n 
,.% 

3
2

.3
3

 
3
2
.
6
3
 

3
 5

-2
7

 
'3

4
.7

8
 

3
2

-1
0

 
3

2
.3

3
 

3 
5

. 0
7
 

5
3
-
8
7
 

3
3

.0
2

 
3
4
.
8
2
 

G
ln

lc
ll

M
sr

a 
3

3
.

6
2

 .
,,
 .

 

- C
IO

D
U

Y
 

H
.8

. 
I 

an
d 

G
d

il
a

b
~

d
 

H.
S.
 

0
 

4
7

 
2

4
 

N
o.

 o
f 

ob
ae

ri
at

ia
as

 
.I 

O
rr

a
ta

t 
D

if
fe

re
m

 
as

1 

2.
m

 M
ra

a 
-#

a 

O
la

er
hl

 M
ea

n 
0

5
 a

2
3

 
,. 

H
a
.
 

m
d

 

H
B

 

. 

N
o.

 of
 o

~
m

a
r

l~
n

e
 

.I. 
a

m
td

 D
iE

er
ea

ee
 

81
 

2.
m

 U
m

n
 

#
 

-
 

am
er

r1
 M

O
M

 
Y

e
 

- 

--
 

#
 

I
 

I
 

I,
 . 

.- 

-
 

. 
N

 
,d 

U
 

-
. 
.
 -
 

-
-
 

- -
 - -
-
 

-
 

-
-
 -
 -
 - -
 -
 



6 
Tr

ia
n.

 

S
n

rf
ie

p
 
of

 
fn

b
ia

. 
Fi

g.
 1

6 
(b

) 
T

m
u

n
n

n
ia

 
A

bs
tr

ac
t 
of 

E
or

iz
on

ta
l 

A
ng

le
8 

O
bs

er
ve

d 
at

, 
E

. 
S.

 
3
 - 

M
ic

ro
. 

O
h

sm
ed

 b
y 
-
 

A
.B

.C
. 

-
 

E
ra

rn
fn

ed
 b

y.
- 

-
 

G
.H

. I
. 

-
-
 

d
h

t
r

~
c

k
d

 
by

 -
 

D
. 

E
. 

F
. 

C
or

np
ar

ad
 b

y 
2

.E
. 

F
. 

,~
ri

d
 

G
.H

. 
I.---

- 

k
 

A
ng

le
 b

rt
or

ce
n 

L
 ,, 

Se
co

nd
s 

of
 o

bs
er

va
tio

n 

0
0
"
 

R
 , 

3
4
.
9
 

3
7
 
4
 

3
5
.
4
 

3
6
 -

3
 

3
7
 -
6
 

6
 

5 
-0

 
3
6
-
9
0
 

, 
3
5
.
3
 

3
4

. 
1 

3
5
.
3
 

3
4

.0
 

36
.3
 

6
 

2
.2

 
3

5
.0

7
 

, I 

HB
. 

a
d

 

$
 El-

 

87
 

I0
 

N
O

. of
 o

b
sa

rr
m

t~
o~

 
0.

1 

a
m

rt
e

rt
 D

~E
oi

en
oe

 
I.)

 
~

r
o

 
M

ea
n 

I.
, 

O
en

em
l M

ea
n 

3
 8

 . 1
 3

 
.., 

-F
z9

--
z.

 

L
 

L
 

3
5

.
6

 
3
6
.
7
 

- 
3
6
.
4
 

3
6
-
 4
 

3
5

.9
 

3
8
-
 I 

6
 

3
6
-
 4
 

3
7
.
 5
 

3
8

. 
4
 

3
8

- 4
 

. 
6
 

?
 -
0
 

. 
3
7
.
7
0
 

3
3

:7
 

no
. o

f a
lr

m
nt

lo
ns

 
se

e 

B
ru

t&
 

D
ie

er
rm

e 
..
, 

&
a 

Y
n

o
 

#
.I
 

O
.a

d
 M

u
0

 
..
I 

1
3

2
O

 R 
n

 

3
9
.
2
 

4
0

 -
9
 

4
1
 
.6
 

4
0
 .
2
 

4
2

.6
 -
 

4
2

.3
 

6
 

-
 - -
-
 

-
-
 

-
 

- 
-
 -
 -
 -
 -
-
-
-
 
-
 

-
 -
-
 

-
-
 

- 
-
 -
 -
-
 

- 
-
 

- -- 
, 

-
-
-
.-
 

-
-

a
 

. 
-
 -
-
 -
 --

 -
 .
 - 
-
 -
-
 

. 
-
-
 
-
 
. 

-
 
--

- 

, 
-- 

-
 

-
-
 

-
-
 

-
-
 

2
6
 

L
 , 

3
6
 -
9
 

3
7
 -

8
 

3
8
 -

4
 

3
7

 -
4

 
-
-
 

3
7
 :'
L 

3
5

.7
 -
 

6
 

en
d 

M
a

k
o

 
$8

. 

8
 

2
2
 

4
0

 
-
 

N
O
.
 o

f 
o

h
rv

~
ti

o
ru

 
- 

O
m

ta
b

 D
il

le
rn

e 
I#

. 

a
m

 ~
m

o
 

q.1
 

O
an

rr
nI

 m
ea

m
 

3
3

.4
2

 
,-
 

- EB
.
 

a
d
 

H
B

. 

b
 

'
L

a
 5

 
3

6
.4

3
 

3
5

.4
 

3
4

. 
I 

3
4

.9
 

34
.3
 

36
.7
 

3
3
.
4
 

6
 

3
 -

3
 

3
4

.8
0

 
. 

H
 . . 
-
 

4
" 

R
 

I,
 

4
0

. 
\ 

3
9

.8
 

3
8
-
6
 

3
9
-
 8
 

3
7
-
 5 

3
8
.
4
 

6
 

3
7

.5
 

3
4

.5
 

2
9

.3
 

.-
A

S
Q

 

6
 

5
.6

 
. 

3
3

-3
0

 

- 

-
 

-
 

L
 

I 

3
9
 S
O
 

, 
3
8
.
7
 

37
 -

5
 

3
8
 0
9 

3
7
.
6
 

3
8

.1
 

6
 

-
 

- 

3
6
"
 R

 I,
 

3
5
.
9
 

3
6
-
 I 

3
6
.
 1 

3
5
.
5
 

3
7

.6
 

3
8
-
 I 

6
 

1
.5

 
3
8
-
3
0
 

I/
 

3
2
.
5
 

3
2
.
3
 

3
2
.
8
 

3
1
 *c

) 

3
3

.8
 

2
0

.
4

 
. 6
 

3
.
4

 
3

2
. 

\3
 

#I
 

L
 

I,
 

4
0

.2
 

3
9
.
7
 

4
2

- 
I 

4
0

.8
 

3
7
.
9
 

4
0

 -
8
 

6
 

r
.6

 
39

 0
7 

/a
 

3
3
.
5
 

3
4

.6
 

3
3
.
5
 

32
.6
 

33
.0
 

3
4

.2
 

-
 6
 

-
 2
.0
 

3
3

.5
7

 

-
 

2
.6

 
3

6
.1

8
 

I,
 

3
4
-
 2
 

3
2
.
 \

 

3
\
*
4

 
35
. 

1 
3

3
.5

 
3
2
. R

 
e 6
 

3
 e

7
 

3
3

 .
I8

 

I,
 * 

-
-
 
-
-
 

16
8"

 R /I
 

3
7

 0
9

 
- 

3
8
.
0
 

3
7
-
5
 - 

4
1
 -

4
 

3
6
 
5
 

3
7

.
4

 
-- 

6
 

4
 *

'L
 

4
0

.2
5

 

II
 

3
3
.
7
 

3
5
1
 2
 

3
4

-9
 

, 
S
S
.
 €4 

3
 6
 97
 

3
3
.
2
 

6
 

3
 0

5 
3

4
-9

2
 , 

ID
 

3
.
4

 

4
1
 
13 

3
1

.8
 

3
1

.9
 

3
3

.2
 

32
. 

2
 

3
4
- 9
 

31
 9

9 

6
 

3
 *

I
 

3
2

-6
5

 

/#
 . 

-
 

4
.9

 
3
8
-
\
2
 

#/
 

3
3
.
1
 

- 

3
1

.4
 

_ 

32
.6
 

3
3

.5
 

30
.9
 

3
9

.7
 

- 

6
 

3
 -

8
 

3
1
 

*8
4

 

I,
 

2
 -

7
 

3
7
 .

2
3

 

3
3
.
9
 

3
2
.
 1 

3
3

.0
 

33
.2
 

5
2

.5
 

3
1
 -

8
 

6
 

2
. 1

 

3
2

-7
5

 

I 

. 

-
-
 

. 

s 
• 

*- 
-
-
 



that the error is not noticed until the theodolite has been turned 
on to the next station. I11 such a case, provided the measure of 
the seconds agrees with others within the usual limits, the pre- 
sumed correct value of the degrees or minutes may be entered with 
a query over the recorded value, and meails may be taken as if this 
value had actually been read. But if the secoi~ds reading is a t  
all wide from the mean, the measure should be rejected and repeated. 

Apart from such clear cases as the above, i t  will occasioilally 
happen that a value is recorded which is very wide from the mean, 
but which otherwise appears to  have been perfectly well observed. 
The ideal treatineilt of such cases is firstly tha t  no observatioil should 
be rejected solely because i t  does not agree with others, and second- 
ly that when ail exceptioilally wide observatioil does occur it 
should be swamped by so inally repetitions that  its rejection or reten- 
tion will have a i~egligible effect on the meal1 value. 

The rule tha t  wide observatioils are to  be retained and swamped 
with more normal ones, must not of course be pushed to absurd 
lengths : for instance, if the six measures of an angle made on one 
zero of a certain theodolite are almost illvariably fouild to lie within 
two seconds of the mean, and if on a certain occasioil the seconds 
of the measures are recorded as 25". 2, 2 7". 2, 23" 8, 39" - 8, 25". 7, 
24". 9, in this case i t  is 11ot practicable to swamp the value 39" 8, 
and this value should be rejected, two repetitions should be made, 
and in every cast: the occurreilce should be brought to  the notice of 
the observer's immediate superior. Such cases as the above should 
be extremely rare (cel.tainly less than lo/, of tIhe total readings) ; if 
they are more frequent sohet,hing is wrong, either with the instru- 
ment or with the atinosl)heric coi-~ditions or wit1h the observer. 

There is no case for the rejection of an observation unless i t  is 
quite isolated in its badiless from those which lie nearest to it. I f  
a series of met.csures show differences from the ineail of 1". 2, 0". 5, 
3 9 ,  6" 1, 0". :j, 2" 8, 0" (i, 4". 9, 0" 0, there is no case for the 
rejection of 6 " .  1, hecause i t  is not isolated, although if a 12-inch 
theodolite produced such irregular resnltls, i t  might well be consi- 
dered that something was wrong, xild the whole group might be 
cancelled and rcl,eatc.cl when the cause of the error had been found 
or when coiiditiolls were 1nol-e favourable. Another case in which 
rejectlioils arc solnetilnes improperly made is when a number of 
obs~rvatioiln ha~)~>en  to fall t.xce),t.ioiially close together, while one 
falls wide of t,l~c?m, but not wi i l~ r  t1hnn may happen with the type 
of instrument ill use. ~ h u s  if a series of measures with a 12-inch 
theodolite resrl]ts ill 2 ; ~ " .  8, 23". 7, 25" .  8, 23". 1, 24" ' 0  and 23".0, 
there is no case for  the rejrctioll of 25"*8, for readings on this 
instrument s i l l  rallge through as much as S", and in this 
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case the close agreement of the other five m u d  be considered to be 
due to chance. 

58. Repet i t ions . - -Af te r  obtaining some experience of his, 
instrument the observer will discover a standard within which his 
intersections, measures, and zero means will generally agree. When 
individual values fall wide of this standard, repetitions must be made. 

I n  the case of intersections the usual rules for repetitions are 
given in para 48. A common fault is to work to some rather close 
standard e.g., that  the three values must agree wit-hin two seconds, 
and when %his is not fulfilled to make repetitions until three accor- 
dant values are obtained, and then to retain these and reject the 
rest. This is a bad practice : rejections should only be made in 
accordance with para 57, and it will very seldom be proper to reject 
an intersection with which the triangulator was satisfied at the 
moment of its making. Any progressive movement of the mark, 
inclicated by (say) a steady increase in a series of intersections, 
should be carefully watched. Under such conditions, i t  will probab- 
ly be best to cease observations until a more favourable hour. 

I n  the case of the several measures on one zero, i t  is usual for 
00°/, to be within 2" or 3" of the mean in primary work, provided 
there is no systematic difference between F L  and FR, in which case 
the measures must be meaned in pairs, and the accordance of the 
means considered*. As a general rule the number of measures 
should be increased in proportion to any increase in this discrepancy: 
e.g., if more than one measure is found to be 4" or 5" from the mean 
a total of 12 measures shoulcl be made on that zero instead of 6 .  
But if such extensive repetitions are often found necessary, and if 
the cause cannot be found and remedied, the triangulator should work 
to some lower standard. Occasional discrepancies of 3" or even 4'' 
a t  this stage are not incompatible with the attainment of the highest 
accuracy (m = 0". 3) in the general mean. 

In a similar manner 90 per cent of the different zero mean@ 
should generally lie within 2 4" of the general mean. If they fail 
to do so, i t  will not be practicable to make repetitions except in the 
case of outstandingly bad zeros, which may be repeated twice and 
then either rejeoted (after reference to the Director) or else meaned 
with the repetitions. Thus sup ose the zero means are 48"*2, P 5V.7 ,  49".3, 5OV*2, 49".1, 48' .8, 54".0, 51"-8, 5Of'.O, 51f"9, 
60". 1, 50' 9. Mean 50" 4. The outstanding value of 54" 0 mbY 
be repeated, with results of perhaps 61".0 and 62"- 1, and the mew 
of all three, viz., 52"*4, may be accepted in its place. 

* Provided the instmment is in fair adjustment, thie Bysternatic difference can 
only occur in ~tronomioel  work. 



It should seldom be necessary to make such repetitions; a t  
most, they should occur in not more than one or two zeros per 
station. Zeros should only be repeated in this way if they are 
exceptionally wide of the mean; it is not right always to repeat 
those zeros which happen to be furthest from the mean. It is 
obviously improper to attempt to reduce a (say) positive triangular 
error by making uncalled-for repetitions of all or any of the zero 
means which are greater than the general mean. If most angles 
contain more than one zero mean which is more than two seconds 
from the general mean, i t  will be necessary to observe an more 
zeros, if the highest accuracy is to be obtained (i.e., rn = 0". 3), 
unless the theodolite is known to have a regular systematic gradua- 
tion error of this amount. 

59. Large Triangular Error.-When an unduly large 
triangular error is obtained the triangulator is in a very difficult 
position. To re-observe all three angles of the triangle is not only 
a costly operation in itself, but it will completely disorganise all 
the arrangements which he has made with his signal squads. 

Before leaving for the field, instructions must be obtained from 
the Director as regards (1) what triangular error is definitely 
allowable, and (2) what triangular error calls for repetition. The 
answer to these questions will depend somewhat on the type of 
country, and the importance of the series, but as a general rule a 
triangular error of less than one second can be accepted without 
doubt, while one of two seconds calls for repetition, unless the whole 
triangle can be omitted without great loss of strength. But repeti- 
tion is not to be carried out unless the observer has discovered, or 
at least strongly suspected, and remedied, the source of the error. 
The statement that an error of one second is readily allowable, 
must not be inisunderstood to mean that the average should be as 
high as this. 

Between the allowable and disallowable values (e.g., between 
one and two seconds) lies a range of triangular errors, regarding 
which the trisngulstor will have t,o use his discretion. If his 
earlier triangles have all closed very well (say less than 0" 5 )  he 
will be more ready to re-observe than if t,he previous triangular 
errors have beell ;ather near the limit. For instance if triangular 
errors are 0". 8, 1". 2, 0".3, 0".9, 1". 1 nnd l'I.5, there is no reason 
to re-observe t,he 1" 5 triangle. The series is not of the best 
quality and i t  will not be improved by the re-observation of the 
triangle which haprells to  h ~ v e  the largest closing error. Rn-obser- 
vation will be more readily undertaken in country where communi- 
cations are thall in difficult country, and if the resulting delay 
will not prevent completion of the eeaeon's programme- 



On discovering a large triangular error, the observer must diS- 
cover the cause. Unless the cause is remedied, re-observation is 
useless. With a 12-inch or Wild theodolite in good order, with 
rays which are generally well clear of the ground, and with favour- 
able atmospheric conditions, triangular errors of two seconds cannot 
occur unless there has been some departure from the rules laid 
down in this handbook. The observer should first consider his abs- 
tract of angles and see whether the various measures and zeros have 
been agreeing within reasonable limits. If they have not, either 
the theodolite is in bacl order, or else there is irregular lateral re- 
fraction, or in trestle stations the trestle may be responsible. Such 
irregularity should, of course, hare been noticed as soon as it 
occurred, and remedied if possible. Possible faults in the theodolite 
are enumerated in para 60. Lateral refraction of serious extent is 
only likely to occur in grazing rays. If the graze is enforced by the 
flatness of the country, i t  can only be remedled by shorter rays or 
higher trestles. If the trouble occurs in one or two rays only, it 
may perhaps be remecliecl by one or two extra stations : but if the 
whole series is involvecl, it will probably be best to recognise that 
the highest accuracy is not obtainable, to be content with coinpara- 
tively low class angular measures, and if necessary to arrange for 
an extra base ancl Laplace station. The Director's orders should be 
obtained as early as possible. I n  hilly co~ultry grazes will not occur 
if the reconnaissance has been properly carried out, except that occa- 
sionally the bad siting of an old series will involve a difficult start, 
The remedy is generally to put an extra station near the point where 
the qraze occurs (see Appendix I), as should already have been 
done (see para 10). It may happen that the resulting triangle con- 
tains an extremely short side, less than the 3 miles allowed by 
para 8. This is a weakness, but is better than a serious graze. If 
the most careful centering cannot avoicl serious angular error, this 
small triangle will probably have a large triangular error. In this 
case the error must be distr ih~t~ed bet,ween the two large angles, 
and the small angle must be left alone. The azimoth of forward 
rays must not be detl~lced from a short side of less than one mile, 
but from the long sides only. In  very short sides special marks will 
be read such as a nail in front of a piece of white paper, and such 
marks should be raised so as to be close below the theodolite. 

Irregularitly of ob~ervnt~ionn due to the unstradiness of a trestle 
station can only be remedied by building a better or a lower trestle. 
It should be noticed before the station is vacated. 

If the angles in the abstract are accordant among themselves, 
a large triangular error is very unlikely. It can only be due to 
centering error of either signals or theodolites, stiffness of the 



axis of the theodolite resulting ill all measures being too small, 
or to a grazing ray past a hill which is always hotter or colder 
than the surrounding air. Centering error is a very unlikely 
cause, unless masts and trestles have been employed. The center- 
ing of lamps or helios is allnost a foolproof operation, and on 
arrival a t  each station, the observer will have seen the lamp and 
helio in position 011 the marl<. It inay be remembered that  one 
foot subtends one secoild a t  a distance of 40 miles. Stiffness in 
the axis is extremely uiilikely to  give a serious error in the mean 
unless i t  also causes noticeable raggedness among the individual 
measures : its presence call be verified as explained in para 46. 
Grazing rays are discussed above. 

Any re-observation a t  a st8ation which is revisited on account 
of bad triangular error, must coilsist of a complete prod 0 ramme. 
It will not sufice to  re-observe selected zeros o11ly. Cases of re- 
observatioil should be reported a t  once to the Director, but i t  will 
be seldom that  he will be able to give orders or advice in time for 
them to be of any use. 

60. Theodolite faults.-Possible fault's in the theodolite 
which may be responsible for discrepai~cies between different 
readings (see para 59) are :- 

(a)  St.iffness in the axis, or slackiless in the joints, 
which inay be verified as explained in para. 46. 

(b) Graduation error. Tliis inay be verified by analys- 
iilg the angles t'o see if all angles measured on a, certain part 
of the circle tend to be great,er or less than the general 
mean. It must be noted t,h:tt gmduat'ion error cannot 
develop sucldenly, except as the result of an accident. If i t  
has been small one season, i t  is ui11iBely to be very bad 
in the followiilg year. 

( c )  Looseiless of thc object-glass, dinphl.agin or micrometer 
microscopes, or dirt in the pivot bearings; i. c.,  i~lconstai~cy 
in the rela,ttion of the line of colliination tjo the zeros of the 
micrometers. 

(d) Neglect to level the tll~eorlolitfc, to correct the runs 
etc., of tlie micrometers, or t o  e l i ini~lat ,~ pamllax either in 
the eye-piece or the micr~met~crs. Non-verticality of the 
vertical wire. 

(o) Neglect to  make a,11 intcrscctions against the springs 
of the slow motioil screws or inicromet,ers. Or neglect to 
swing cont,i~luousl y through e:lch round of angles. 

( f )  Usc of a grossly inaccurat,e value for one division of 
the eye-piece micrometer. 



(g) The practice of moving the reflectors or prisms which 
illuminate the circle, while an angle is being measured. Or 
the careless illumination of the circle of a 12-inch theodolite 
a t  night. 

61. Procedure at a station.-The following is a sum- 
mary of the procedure of the observer a t  each station :- 

(a)  Immediately on arrival he will see that the lamp and 
helio are properly centered. Orders must always be given 
that  they are not to be moved until inspected. 

( b )  He will then see that the station is properly constructed, 
that  the necessary clearing has been done, and that there is 
no obvious obstruction in the line of sight. 

(c) Surrounding stations should be called up. 

(d)  If the hours of minimum refraction are not yet over, 
the observer may consider the advisability of observing verti- 
cal angles before the observatory tent is pitched. But it 
must be pitched before horizontal angles can be begun. 

(e) The observer should himself supervise the pitching of 
the observatory tent. 

(f j The theodolite adjustments should be tested and the 
runs recorded. 

(g) Observations should be made. They should extend 
over a t  least two days. 

( I L )  All means must be taken out, checked and examined, 
and any possible tria,ngular errors computed before jawlibs 
are given. 

(i) Jatucibs are given to the surrounding stations (see 
para 67). 

(j) The observer will see that sufficient stones have been 
collected to form a cairn (see para 25). 

(k) He will watch the station signal squad replace their 
lamp and helio, and give them instructions regarding their 
future movements. 

62. Description of station.-A full and accurate descrip- 
tion of the station must be entered in the angle book. It must 
describe the structure of the station, with special reference to the 
relative position of the mark-stones, so that if one mark-stone is 
found in later years when the station is half ruined, there may be 
no doubt whether i t  is the upper, middle or lower mark. The 



auxiliary marks must also be carefully described, and their positions 
illustrated in a dimensioned plan. 

It must describe the position of the station so clearly that it 
may be possible to identify the site in 100 years time, when most of 
the surrounding villages will have moved, and their names will have 
been forgotten. This description presents little difficulty if the 
station is on the top of the locally highest hill. 

It must describe the routes by which .the station is most easily 
reached from different directions : it must give an idea of their diffi- 
culty, and for what kinds of transport they are practicable: i t  must 
mention the nearest source of transport and supplies. 

Specifically, it must mention the village, tahsil, district and 
province in which the station lies, and i t  must give the names, direc- 
tions and distances of 4 or 5 well known neighbouring villages, 
temples, hills etc. Names must be clearly written, and care must be 
taken in the transliteration of native words. It mill always be desir- 
able to have the names written in the vernacular by a local official. 

The name of the station will be that of the hill on which it 
stands, if a distinctive name exists. Otherwise i t  will be the name 
of the nearest village. 

63. Satellite stations.-If for any reason, such as the use 
of towers and trestles, the signal or theodolite are not exactly 
plumbed over the station mark, the horizontal distances and 
azimuths from the mark must be measured, end must be recorded 
clearly in the angle book, with slretches showing their relative 
posit'ions. It must also be stated from what stations the satellite 
signal has been observed, and to what stations observations have 
been made from the satellite station. The reductions to centre 
must be carried out in the field by the observer himself. They must 
be carried out in such good time that triangular errors can be 
checked before leaving the third station of each triangle. 

64. Signals.-The Argand lamp (see fig. 17)  is the one now 
in use. It is of heavy and primitive construction, but i t  is reliable 
and foolproof, and can be seen a t  a distance of 50 miles through 
ordinarily clear air. Detachable boards are screwed to the top of 
the box, which form a platform for the helio used by day. The 
lamp is centered by placing the front foot in the station mark. The 
lamp is then alignkd by means of two small sights on the upper 
side of the centre helio board, and the foresight is plumbed over 
the centering foot by means of a plummet and the two back foot- 
screws. The alignment must of course be checked after plumbing. 
The lamps and mirror are fixed in the box, and unless the lamp has 
been damaged, the alignment is now correct. 



The wicks must be kept carefully trimmed, and with long rays 
they must be turned up as f a r  as is possible without smoking. The 
alass front must be kept shut, aud the special flattened glass chimney b 

must be turned so tha t  its flat sides are towards the front and back. 
The reflector must be touched as little as possible, but when dirty it 
should be very gently cleaned with soft clean paper of which a supply 
should be carriecl. The oil consumption is about 6 nights to the 
gallon of kerosene oil, of which only the best quality should be used. 

Helios are fully describecl in the Handbook of Topography, 
Chapter 111, and the primary triangulator is presumably well ac- 
quainted with their use. I11 primary triangulation it is usual for a 
signal squad to carry a 9 or 12-inch ancl a 6-inch helio, the former 
for ordinary use ancl the latter for use when double reflection is re- 
quired. The 9-inch helio is stood in three brass grooves on the 
centre boarcl of the lamp. A frame carrying the cross-wires is screw- 
ecl on to  the front of the lamp box. The lamp must first be aligned 
by it,s own sights, and It is then necessary that the sta- 
tion and cross-wires shoulcl be seen in alignment through the helio. 
This is arrangecl by the help of the foot-screws of the helio, by which 
its centre can be raised or lowered, or tilted sideways. For double 
reflection the small helio is stoocl on one of the side boards. Its 
shadow is clirectecl on to  the centre of the large helio, whose 
shadow is directed on to the cross-wires. 

It is a common fault  among inexperienced khalgsis, that they 
will take great care to  keep the shadow properly on the cross-wires, 
but  tha t  they will not get  t'he initial alignment correct. A bad ini- 
tial alignment will result in t,he helio never being seen, whereas 
carelessness with the sha(low will a t  least give an intermittellt light. 
The mirrors must be kept clean. 

The Hunter p o r t a b l ~  mast signal has been used in recent 
series passing through flat corrntry (see para 22).  It can be used 
as an opaque signal, or a lamp can be hoisted to the top, or a helio 
may be used as (lescribe(1 in Appendix I. Owing to  the impossibi- 
lity of aligning a lamp correctly, a high candle power pessure-fed 
lamp shoulcl be user1 instearl of an oil lamp ancl reflector. 

65. Testing lamps.-The lamps contain numerous small 
cletachable parts, and they must be nssc~inbl~d 1)y their lainpmen 
and examiilnd before Iravi~lg hna(1qu:crt~rs. NC; adjustment is 
provided for r~qnlat i l lg  t l ~ r b  1.~~1;ctive posit,ions of lamp, reflector, 
sights and centering foot, ba t  thrbir a ~ l j ~ ~ s t m e n t  should be tested at  
the beginning of t,hp season. A th~o(1oI i t~  shoulcl be set up by 
about 50 yards in front of the lamp, whose sights shoirld be aligned 
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glass front must be kept shut, and the special flattened glass chimney 
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The reflector must be touched as lit,tle as possible, but when dirty it 
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signal squad to carry a 9 or Id-inch ancl a 6-inch helio, the former 
for orclinary use nncl the latter for use when double reflection is re- 
quired. The 9-inch helio is stoocl in three brass grooves on the 
centre board of the lamp. A frame carrying the cross-wires is screw- 
ecl on to the front of the lamp box. The lainp must first be aligned 
by its own sights, and plmnb~cl. It is then necessary that the sh- 
tioil and cross-wires should be seen in alignment through the helio. 
This is arranged by the help of the foot-scren-s of the helio, by which 
its centre can be raised or lowerecl, or tilted sideways. For double 
reflection the small helio is stoocl on one of the side boards. Its 
shadow is directed on to the centre of the large helio, whose 
shadow is clirected on to the cross-wires. 

It is a common fault ainong illexperienced kl~alrisb, that they 
will take great care to 1o.ep the shadow properly on the cross-wires, 
but that they will not get the initial alignment correct. A bad hi-  
tial alignment will result in t'he helio never being seen, whereas 
carelessness with the sharlow will a t  least give an intermittent light. 
The mirrors must be kept clean. 

The Hunter port'able mast signal has heen used in recent 
series passing through flat countrv (see nsra 9 9 )  T+ - - -  ' 
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the b e y i i ~ n i n ~  of t h ~  season. A t , l~~o(lolit~l shoul(l be set up by day 
about 50 yards in front of the lamp, whose sights shoilld be aligned 



Fig. 17. 

Argrnd Lamp with Helio, 





on a mark about one foot above the object-glass of the theodolite. 
The foresight should be plumbed over the foot. Then on examination 
through the theodolite the centering foot, the centre of the 
wick, the foresight, and the helio sight, should all appear in a 
vertical line, and the right and left hand edges of the reflector 
should appear equidistant from this line. Any error i11 the position 
of the helio sight or of the reflector will result in a centering error. 
Error in the positioii of the box foresight or lamp will result in 
diminished illumination. The lamps should the11 be lit, and the 
whole mirror should appear brightly and evenly illuminated. 
Uneven illuminatioil will of course amount to  a centering error 
and will a,lso meail t ha t  the best light is not being obtained. If a 
better light is apparent from any other position above, below, or to  
the side of the theodolite, the mirror is iiot properly adjusted. 
This test caiiiiot be carried out until late in the evening. 

It should be exceptional tha t  any serious error is found, as 
the relative position of the parts are all well fixed, and an error of 
one-tenth of an inch will have no significance. Nevertheless, the 
triallgulator must iiot accept their accuracy without proof. 

66. Strength of de tachment . -The  normal strength of 
an observing detachment (excluding reconnaissance detachment) 
is one observer, one recorder, eight signal squads of four men each, 
and fifteen men with the observer if a Wild theodolite is used, or 
eight more for a 12-inch theodolite. Some illcrease will be 
required if trestles slid masts are exteilsivelg employed. I11 Burma 
and other couiltries with strange languages an interpreter will 
be engaged, 

If two observers are available, i t  may sometimes be more eco- 
nomical for trllein to work togetller, each on one flank of a series, than 
it will be for thrin to begin separately a t  opposite ends of the series. 
The advantages of this are a consiclerable saving in lamp squads, 
and the opportunity givell for an inexperienced triangulator to get 
advice :tncl assistance from the other observer. The disadvantages 
are the risk that  bncl work or delay by one observer will upset the 
work of the other, that  movement of signal squads are rather more 
complicated, and t,hnt responsibility is divided. There is also the 
difficulty of showily a sigllfil from a station on which a theodolite 
is worltiog, au(l of sllc,wiuK a sigl~n,I frmn one sttttioil to two others 
simultn~icousl~. This ~ n r t h o ~ l  of work has not becii adopted by the 
survey of Tlltli~, but, it ~110111~1 be considerecl cvcry year whether 
the c i r c u m s t , ; ~ ~ c ~ s  an(l lrpr~ollllcI avai labl~~ do not make i t  desirable. 

67. Movement of signal squads.-One of the most 
diacult and important cares of the triailgulator is to ensure tha t  



on his arrival a t  a station he will find all the surrounding stations 
occupied by signal squads, ready to direct their lights on to his 
station. This can only be ensured by the most carefully thought 
out system of movements. Before commencing work the triangu- 
lator must prepare a programme showing the movement of himself 
and all his squads throughout the season, including the movements 
of any messengers which he may have to send with instructions. 
He must consider what transport will be required, and how the 
squads are to find the stations. This programme cannot accurately 
show the dates of each movement, but it should show the move- 
ments which are to take place 011 the ~omplet~ion of work at  each 
station. It may sometimes be necessary to make changes in the 
programme, if the reconnaissance is still in progress, but so far as 
the positions of stations are known it should be so carefully thought 
out that  changes will very seldom occur. 

Lampmen cannot be given complicated instructions. Generally 
the most complicated instructions that  can be given are that they 
are to go to such and such a station; that  from there they will be 
required to direct their lights to certain stations in the order 
named, and that  on receiving a final ajnzv6b (see below), they will 
proceed to such and such a station or place. Especially intelligent 
men with a little knowledge of writing may receive longer ins- 
tructions, but to attempt it with most men is to risk confusion. 

By means of his helio the observer can communicate with his 
lampmen. There are three recognised sigilals :- 

(cc) A flashing of the helio once or twice a second means 
66  Your light is not showing ; show i t  ". The flashing should 
be continued for a sufficient length of time for the distant 
helio man to align his helio on it. This signal should not 
be given unnecessarily, as i t  causes confusion in the minds 
of t'he lampmen. It should not be given because the helio 
becomes temporarily faint or invisible ; that may be due to 
cloud, or to a temporary slackness in directing the shadow; 
if the latter, i t  should be corrected by warning next time 
that  signal squad is met, or by a message. It must not be 
corrected by perpetual flashing. 

Ideally the etation helio should only be used to call 
up on arrival a t  the station, and to give jnzunb on comple- 
tion. 

( h )  On completion of the work a t  a station, the helio ia 
directed steadily on to the clistant station. The lampman, re- 
cogniainq the signal, puts out his helio, generally by covering 
it with hls pagri. The station helio is then similarly dimmed, 



and the distant lampman uncovers his helio. The station 
helio is then uncovered and the distant helio again covered. 
The statioa helio is covered again and the distant helio un- 
covered. Once more the station helio is uncovered and the 
distant helio covered. The distant helio then gives a few 
flashes to show that he has understood tlhe signal. This is 
known as the "three jauqnb ". Its meaniilg is "I have complet- 
ed work a t  this station. Stay where you are, and be ready 
to show a light to my next station ". 

This signal is given to all surrounding stations in 
turn, 017 completion of work a t  each station. 

(c) As above the station helio is directed on to the dis- 
tant station, and the process of uiicovering and covering is 
repeated nine times. I ts  meaning is "I have finished work 
a t  this station. You are to leave your present st,ation and 
go to the place previously arranged ". 

The giving of jaw& in cloudy or hazy weather is always diffi- 
cult. They may be given by lamp, but helio is generally preferable. 
It must be remembered that the lampinan has no telescope. On 
the other hand the observer's helio has the advantage of being per- 
fectly aligned, by the observer himself if necessary. If the lamp- 
men are not being perpetually worried bv flashing for a better light, 
they will be ready to receive jaw~bs whiilever they see the station 
light, and will probably understand it, however imperfectly it may 
be seen. If clouds interrupt a jnzocib, i t  should not be repeated a t  
once, lest a repeated 3 jccut~b be inistal<en for a 9 jcczuib. 

It has sometimes been customary to give a single jccwCb a t  the 
end of each day or night's work. This is a convenience to the 
lampmen, enabling tthein to rest and to save oil. But there is risk 
of confusion, and it should not be adopted. 

Although signal squads will be told from what stations they are 
to expect a light, i t  is their clut,y to keep a good look-out in all 
directions while the observer is marching, in case the prograinme is 
changed. 

Signal squads must be careful not to light their fire or pitch 
their tents in positioils from which the observer can see them, or he 
may intersect tllein instead of the lamp. Nor must they allow 
smoke to obscure the line. 

In some cnscs i t  ~rould he very desirable for each signal squad 
to coiltain one mall of betkr  edocation, capable pf reading and 
seriding messages by Morse code in Roman Urdu. The squads could 
then be given ordel:s without the need of aending messengers, and 



changes of programme could be arranged without fear of confusion. 
In high altit'udes considerable hardship is involved in remaining on 
the station for weeks a t  a time, during half of which the observer 
is marching. If signals could be sent, permission could be given to  
leave the station a t  such times. 

68. Reasons for precautions.-The following is a sum- 
mary of the reasons for the clifferent precautions ancl adjustments 
which the observer has to carry out :.- 

(a)  Change of face. To eliminate errors of collimation, 
or dislevelment of the transit axis. 

( b )  Change of zero. To eliminate errors of graduation. 

(c )  Reading st least two microscopes. To eliminate errors 
due to .the vertical axis not passing through the centre of 
the gracluated circle. 

(d) Settling zero carefully to odd minutes (see para 48). 
To eliminate errors of micrometer run. 

( e )  Continuous direction of movement when swinging 
the t'elescope. To eliminate errors due to stiffness in the 
axis combined with elasticity or looseness in the theodolite 
or stand. 

( f )  Face left, swing left. For convenience, and to ensure 
that there are an equal number of swing left and swing 
right measures. 

(g) Day and night observations. To reveal systematic 
errors clue to horizontal refraction. 

( h )  Use of observatory tent. To lessen temperature 
changes in the instrument and stand, and so to lessen the 
movement of the instrument during the course of the 
measure of an angle. 

( i) Intersectlion with moving wire (in 12-inch theodolite). 
To increase the number of intersections with very little 
effort. This is especially desirable if the signals are un- 
steady. 

( j )  Light clamping of the vertical circle while reading 
horizontal angles. To avoid mechanical strain in the hori- 
zontal axis with consequent distortion and tendency to ride 
out of the Y's. Clamping is (lesirable in order to bring 
the mark close to the horizontal wire. 

(k) Last movements of slow mottion and micrometer 
screws to be against the springs. To avoid back-lashg 
Also see para 51(~). 
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Sac. 111.1 OBSERVATIONS 
.- - - -. 

(1) Careful centering. It is necessary for short rays, and 
is an example to  ~kl~cc2Gsis who have to centre their lamps 
and helios. 

( m )  Levelling. To ensure tha t  the projection of t,he 
measured angle is on to  a horizontal plane. If an angle 
with an elevation n is measured with the theodolite dislevell- 
ed by a t i l t  of B a t  right angles to  the ray, the horizontal 
pointing will be in error by B tan a. The error does not; 
cancel with change of face or zero. 

(n) Collimation, and levelling of the transit axis. To 
obtain agreement between FL and FR measures, for mutual 
check, and easy meaning. 

(0) Micrometer run. Errors of run cause identical errors 
in all measures made on the same zero: there is no cancel- 
lation. If the zero settings are all a whole number of 
degrees, there is no cancellation of micrometer errors oil 
different zeros, but  if the settings are made in accordance 
with para 48, a considerable cancellation occurs. 

( p )  Agreement between zeros of micrometer drums, combs, 
and rough reading miscroscopes. For convenience, and t,o 
avoid misreadings of whole minutes. 



changes of programme coulcl be arranged without fear of confusion, 
I n  high altit.udes consiclerable hardship is involved in remaining on 
the station for weeks a t  a time, during half of which the observer 
is marching. If sigilals could be sent, permission could be given to 
leave the statioil a t  such times. 

68. Reasons for precautions.-The following is a sum- 
mary of the reasons for the different precautions and acljustments 
which the observer has to carry out :.- 

(a) Change of face. To eliminate errors of collimation, 
or dislevelment of the transit axis. 

(b) Change of zero. To eliminate errors of graduation. 
(c) Reacling a t  least t,wo microscopes. To eliminate errors 

due to .the vertical axis not passing through the centre of 
the graduatecl circle. 

(d) Setting zero carefully to odd minutes (see para 48). 
To eliminate errors of micrometer run. 

(e )  Continuous clirection of movement when swinging 
the telescope. To eliminate errors due to stiffness in the 
axis combined with elasticity or looseness in the theodolite 
or stand. 

( f )  Face left, swing left. For convenience, and to ensure 
that  there are an equal number of swing left and swing 
right measures. 

(9) Day and night observations. To reveal systematic 
errors due to horizontal refraction. 

( h )  Use of observatory tent. To lessen temperature 
changes in the instrument and stand, and so to lessen the 
movement of the instrument during the course of the 
measure of an angle. 

(i) Intersection with m o v i n ~  wire (in 12-inch theodolite). 
To increase the n u m b ~ r  of intersections with very little 
effort. This is especially desirable if the signals are un- 
steady. 

( j )  Light clamping of the vprtical circle while reading 
horizontal angles. To avoid mechanical strain in the hori- 
zontal axis with consequpnt distortion and tenderlcy to ride 
out of the Y's. Clamping is desirable in order to bring 
the mark close to the horizontal wire. 

(k) Last movements of slow motion and micrometer 
screws to be against the springs. To avoid back-l88h. 
Also see Dara hl(n) .  

Pap 64, last line. 

F'or paisa .; 1 ( ! I )  rrrr,tl I ,:I Y:L 5 I (p ) .  
LVo. fi , l /rterl 8-6-31. 



Sac. IIL] OBSERVATIONS 

( I )  Careful centering. It is necessary for short rays, and 
is an example to ,khalZsis who have to centre their lamps 
and helios. 

(m) Levelling. To ensure that  the projectioil of t'he 
measured angle is on to a horizoiltal plane. If an angle 
with an elevation n is measured with the theodolite dislevell- 
ed by a tilt of B a t  right angles to the ray, the horizontal 
pointing will be in error by 8 tan a. The error does not 
cancel with change of face or zero. 

(n) Collimation, and levelling of the transit axis. To 
obtain agreement between FL and FR measures, for mutual 
check, and easy meaning. 

( o )  Micrometer run. Errors of run cause identical errors 
in all measures made on the same zero : there is no cancel- 
lation. If the zero settings are all a whole number of 
degrees, there is no cancellation of micrometer errors oil 

different zeros, but if the settings are made in accordance 
with para 48, a coasiderable cancellation occurs. 

( p )  Agreement between zeros of micrometer drums, combs, 
and rough reading miscroscopes. For convenience, and to 
avoid misreadings of whole minutes. 



SECTION IV 

COMPUTATIONS 

69. Summary.-As the result of the operations described 
iri the previous section, the observer produces an abstract of all his 
a ~ ~ g u l a r  measures, from which he derives a general mean value of 
each observed angle (see para 56). The object of the computations 
is to decluce t,he latitude and longitude of each station from these 
clata. The heights of the stations are also deduced from the observed 
vertical angles. 

The computations involve the following processes :- 

( c c )  Icleally the observed values of the angles require certain 
small corrections, which in practice generally have to be 
ignored. 

( b )  The computation of the weights of the angles, and the 
figural adjustment. 

( c )  The computation of the lengths of all the sides of the 
triangulation. 

( d )  The computation of the latitudes and longitudes. 
( e )  The height computations. 
( f )  Acljust'ment of t,he series. 
( g )  Compilation of the final results. 

Paras 70 to 7 7  give a theoretical outline of processes (a )  to (e). 
Para 78 describes the practical routine for carrying out these com- 
putations. The adjustment of the series is described in para 85. 

70.  The reference spheroid.-The position of a point 011 

the surface of a spheroid is defined by two angles known as its 
latitude and longitude. Figure 18 1-epresents a spheroid, whose 
centre is a t  0 and whose minor axis is RS. P is a point whose 
position is to be clefined. PQ is the normal a t  P, that is to say a 
line clrawn a t  right angles to the tangent plane at  P. It necessarily 
int~rsect~s the axis RS, but does not generally pass through the 
centre 0. Then the latitude of P is 90'-RQP. The longitude is 
the angle AOB, where RBS is a plane passing through the polar axis 
rtncl P, and RAS is a similar plane passing through any rtrhitrarily 
chosen point G (Greenwich). 

If the earth was a perfect spheroid, the position of any point011 
its surface could he clefined in this way. The actual surface of the 
earth is clearly not a perfect spheroid : i t  is covered with hills. The 



difficulty caused by these irregularities is easily got over 1j-y clefiiiii~g 
t,he co-orclinates of a statioil to  he those of a point a t  sea-level 
vertically helow it ,  for the surface of mean sea-level is a much  close^. 
approximation to  a spheroid. The sea-level surf ace is only apparent 
in areas covcrecl hy sea, hut i t  inay he supposed to  he coilti~~vecl 
iiilailcl hy hypothetical canals, aiicl this whole surface is called the 
Geoid. I11 practice i ts  clepth below the earth's surface a t  ally poillt 
is determiiiecl by spirit levelling, which gives the heights of he1ich- 
marks above this hypothe tical sea-level surface. The tl.iangulatoi*'s 
particular interest in the geoicl lies i11 the fact  that  when a theoclo- 
lite is levelled, its vei4ical axis is pel-pendicular to the geoid, ilot to 
the spheroicl, so that  an iilcliilatioli between the two surfaces is 
equivalent to  clislevclment of his iiistruineiit. Although the geoitl 
closely approximates to  a sphei.oicl i t  also has il-1-egulai-ities caused 
I)y the attract,ioil of hills mid irregulai-ities in the cleiisity of the 
earth, so tha t  although i t  is possihle to clefine the position of a poiilt 
by means of its geoidal (commoi~ly callecl asti-onomical*) latitude 
slid loiigitu(le, these co-orclinat~s arc ilot a suitable hasis for coinpii- 
tations: for the astroiloinical mei-idians ailcl parallels do not follow 
ally exactly regular system : two parallels which a1.c. st~pai-ated 
100,000 feet ill one lollgitudt~ may be sel~ai-ated by !)9,000 feet ill 
another. 

For purposes of coinputatioi~ i t  is co~iseqaeiitly 1lecessai.y to 
clefine thp position of a statioil as the lat,itucle aiid loiigitucle of a 
poilit vertically beneath i t  oil tjhe surface of some more oi* less 
arhitrai-il y defiiietl sphci-oid of 1-eference, a perfect sphei.oicl whose 
inclridialis anel pal-allels are subject to iiiathc)matical treatment. 
This sphc*l.oicl is d ~ f i ~ i c ~ l  1,y the lc~l~gth of it's two axes, hy t'lie noi-tli- 
ai~tl-south a i ~ d  ( ~ i t ~ t - a l i c l - ~ c ~ ~ t  ~ ~ o ~ n p o ~ i ~ ~ i ~ t s  of its i~iclliilatio~l to t , l~e  
gcloicl a t  somc lmilit know11 as the origin, aiid by the vc~i.tical sepa- 
ration l)c)t,woclil it all(\ t11~ geoici a t  t>his 01. ally ot'her one point. I t s  
minoi. axis is talreil t,o btb ~,ai~allel to  the axis of the earth's rotatioil. 
The oricb~~tatioli and axps of  the spheroicl of reference are i~aturally 
so choscw that  thtb sphoroitlal sui-face is always fairly close to the 
g~oi(1, but it is i~n l~oss i l~ le  for the two surfaccs to coii~ci(le eveisy- 
W ~ P ~ C ,  a i ~ d  t h ~ y  arc) geiicll.ally iliclil~tvl to each other by so~ne  small 
angle callecl the " cleflc~ctioli " 01. " (ltvi:~tioi~ of t'he v(~rtica1 " which 
is sel(1oin 1 ~ s y  tlinll ,sclvei.nl s e ~ o i i ~ l s  a811(1 which may hc as much as olle 
minute. ( 8 ~ c  tig. 19). 

I n  tho salnr way, the h ~ i g h t  of n point might be exprt~sst~tl as so 
many f c a c b t  above thc sphciroid of' i~efereilc:e, but siilccl ordinary spiisii 
l ~ v ~ l l i i i g  gives geoidal h(lights, t,o which ordinai~y triangulation also 
gives a closr approxiina.tioli, a i ~ d  sillre g~~o ida l  heights are of more 

* Thc a ~ t r o n o ~ n i c ~ l  I:~tit~l , lo of n. point i.9 t h ~  nnc,rlc I)cbtwclcn thf. polar axis and 
that tangent to thc~ gchoid whir11 ~ncvbt~s the* polar %xi% 



practical * import.ance t.han spheroidal, it is customary t'o describe 
t'he height of point as so many feet above the geoid. 

The Inclian spheroid of reference is Everest's spheroicl. The 
lengths of its axes are 20,922,931' 80 and 20,853,374.58 feett. 
The deviation of the vertical a t  Kaliiinpur origin is 0".3 south alld 
9"'9 west (i.e. the inward geoidal normal lies S. and W. of the 
spheroidal), a i d  in height the geoid and spheroid coincicle at I<aliin- 
pur:. This spheroid was selected a hundrecl years ago, and it does 
not fit t'he geoid very well. I n  Baluchistin and North Burma, the 
two surfaces are separated by about 1.50 feet, and (apart from local 
irregularities) are inclined to each other a t  an angle of 10 to 15 
seconcls. This r ~ s u l t s  in a certain amount of inaccuracy in the 
reduction of the t.riangulation. but a change of spheroid, iilvolvi~l~ 
a change in all published clata, would cause a great amount of un- 
necessary expense and iiiconvei~ience, and eve rest,'^ spheroid is likely 
to remain in use indefinitely. 

71. Preliminary correc t ions . -There  are t1hrw $ preli- 
minary corrections which shoulcl icleall y be applied to all ang l~s ,  viz. :- 

( n ) For cleflect'ion. 
( I , )  For height of stmation ailel point observed. 
(( . )  To geodesic. 

The tirst of these is generally by far the inost import,a~lt, but 
the data required for its application are generally unknown. Conse- 
qo~ir t ly  it is customary to ipnore the ot,hers, and the practical 
comput,er is not concerned with t,ho cnnte~lts of this paragraph. 
Nevert'heless i t  is desirablcl that i t  shoulcl be unclerstood what) 
approximations are being made, and what is being ignored. 

( a )  J)@ecf~on.-As is we11 lcilow11, a theodolitcl set up at a 
station S clotis iiot mcbasure the angle sill~t~ncli~rl 11y two statio~~s 
A and B (see fig. 0 )  01, which it is direct.~rl, 'but the hori- 
zontral projection of t h ~  a n ~ l e ,  that is to say the angle A'S R'. 
where AA' and BB' are vprt~cal, or mol-I) prcl;*isely tl1t.y lie in tho 
plane of the vertical axis of the theodolitr. wbiel; ( if  /hr iostrll- 
mrnt is level) lies in the nvrmal to t*hr geoid at the station of 
obsrrvatioi~. For e o m p ~ ~ t a t ~ i o ~ ~ a l  p1lr1)vs~s thtb : L I , ~ I P  ~.(~q~~irtb(l  ig  

the projection on t80 the spheroicl, vix. A "S R", and it is clear f ~ ~ ~ m  
- - .  -- - 

* Thv geoidal height of rne1an sea-lr.vc~] is al\rr:~~s zero. 'J'hv ql)h~*roirl;~l lioight 
of a point at nlean 4c.a-lovc~l may b~h + or - 5 0  f(vbt. \vhic~h \voi i l ( l  very iin%ti~- 
favtory for t h ~  contouring of rnnpq. 

t i . ~ .  Indian fc1c.t. 01. tclnths of S.it:~n(lnr.rl Bar A, wlli('11 \V:W t l l v  f ~ ~ n ~ l i ~ l l l ( ~ n t ~ I  
Stantlard at thv tirnca whvn the Indian banes w c l r ~  rneasi~rc~tl, nncl in torlr~q ~f \ ~ l l i ( ' l l  

qirlrs of the triangulation arc oxprc~s.sc~t1. Scv: Profl. P a p ~ r  No. I ( ;  I ) ; L ~ I ~ ~  1 and 2. 
by J. de Graaff Hunter. 
: Sec Cft~orlotic Rcport Vol. 111. Pagc'q 134 and I:];,. 
$ See Departmental Paper No. 12, Geodesy. by .I. dv (3r;t;tB IZunt1.1.. 
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the figure that if the geoid and spheroid are iiicliiled to each 
other, aiicl if the points A nncl B are not exactly on the horizon, 
the angles A' S B' and A" S B" are not equal. If a and P are 
the elevatioiis of A ancl B, and if C and 6' are the components of 
the cleflection a t  right angles to SA and SB respectively, the 
required correctioil to the measured angle is C tali a - 8 tail P. 
This correct'ion is not nealigible. I11 hilly country C may br '='. 
30", 6' may be equal and of opposite sign if (ASB = 180c), a and 
p may each be elevatio~is of 1". Under these circuinsta~lces t'he 
resulting error will be I". Such a large error is unusual, but, 
it is possible that the error may be twice as much or even 
more*. It is to be remarked that the suin of t'he coi.rect~ioiis to 
the three angles of a triangle is unlikely to be large, and t,hat 
this source of error is not likely to result i r ~  bad triangular 
closures. 

This correctioil call only be applircl if the deflection is 
known. Uilfortuiiately i t  is generally unknown, aild the correc- 
tion has ilever beell applied?, but if the deflection could be 
determined to within 5" ,  the possibility of serious error would 
be allnost nil. The deterinillation of the deflection in ilzeridiaii 
to within 5 seconds can easily be done : it is only necessary to 
observe latitudes from one or two pairs of circum-inericliall alti- 
tude stars. The determination of the deflection ill the prime 
vertical is also readily determinable by a short azimuth pro- 
gramme (one observation of Polaris on each face on each of 10 
zeros), provided the azimuth of the series is well controlled by 
Laplace Stations, and provided the latitude is l ~ o t  too low. South 
of about latitude 20°, it would be necessary to measure the 
deflection by longitucle observations. 

The worst errors could b~ avoided if such observations 
were made only a t  statioils ii~volviilg rays with exceptionally 
high elevatioils or depressions. 

( b )  Height above sea-level.-The latitude and longitude of a 
station are defined to be the co-ordinates of a point on the 
spheroid vertically below it. By a vertical line is meant the 
path which would be followed by a freely falling body if a well 
was dug in which it could fall. If the earth was a s p h e l ~ ,  
vcbrticals would all bc straight lilies towards the ceiitre of the 
wr th  : but sii~cr. the earth is a spheroid, verticals are slightly 
ourved l i ~ ~ o s ,  concave to the polar axis as showl~ in figure 21. 
This i~~volvos c~)rr~ct iol is  to ailglcbs in two ways. Firstly the 
lillcbs AAf' nrlcl RIB" of' fig. 20 should have heell clrawn slightly 

- - - - - - -  - - -- - -  - 

" P(lr ~~xit~nl)l(t  ronsit11.r tho anqlv 13,tnog H.S.- Dchra Do111cl Obschrvi~tory 
' 1 '  Slrknntl:~ 1 1 . ~ .  111 qlxpl.t :,:I J .  H(11.c. tan ta ant1 t;tn 8 itrv abont + 1/10 nntl + 1/18 
~ ; : J ) ( ' ( . t l ~ ~ ~ l y .  (i1n.l 0 ;II . ( .  ilt)l)llt, + 3;" ancl - 26'' n~ql,i~c~tivt~ly, and t h s  correction is 

9 . 7'his is a vcary c~xtrc~nlc~ c;tqc3. 
t In l!+:Il ~t i q  baing ;tI~pli(a'l tc) thv anglcl~ of tlic Kengtung R a w  nct. 
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curved, aiid secoildly t,here arises ail additioiial clislevelmeilt 
in correction ( ( L )  above, owing to the iiicliiiatioii of the elevated 
spheroidal level surface PQ to the spheroid P'Q' (fig. el)*. 
Bot,h these correctioiis are very sinall. The first. is the differ- 
ence of two tel.111~ of the forin : 

lb'3 - h" 
~ " ' 1 7  (h' - I L )  sill 2d cos* - O"'14 - 

8 
sin A sill 3X, 

where 11, is the height of the statmioil, I),' the height of the poii~t 
obse~.vecl, r5' the c1i~t~ailc.e of the poilit, rl its axiinuth, aiid X 
the latitucle: 11, IL' ant1 ~5' b e i ~ ~ g  measurecl ill ir~iles. IL' - 1~ will 
selcloln be ~lioi-e thaii a mile, aricl the whole correct'ion is uiilikely 
to  be as much as half a second. 

The st~coilcl correction is the diRei-elice of t,wo terms of the 
for111 01"2Sl~sir~~lsin2htaila, with the same iiotatioi~ as 
above. This will selcloin be more thau O"'05. Wheii circuin- 
staiices arc such that  eit'her of these correctioiis is as large as 
the figures given above, the correction due to deflection is likely 
to he much larger t, and uiiless i t  call be applied, these others 
call also be neglected, especially the secoricl. 

( c )  Correction to  Geoclesic, (see para 72) .  

Figure 2 3  illustrates a form of computation for these 
three corrections. 

72. The spheroidal triangle.-The previous parag.1-aph 
has show11 how vhsel.vecl aiigles may be correctecl to give the values 
~ rh ich  woultl have bee11 obtained if tthe t,heodolite hacl beeii set up 
a t  sea-level wit,h it,s axis noi-ma1 to the spheroid. 

If the referelice figui-cl \\-as a sphere iilsteacl of a spheroid, 
the arigle measurecl by the theodolite as correctecl above would be 
the angle of the sphel-ical triaiigle, i.e. of a triangle whose sicles are 
great circles. Or1 a spheroid gl-eat circles do not exist, and it is 
necessary to coi~sicler exactly what a i~gle  has been measurerl. 

Let C be the atation of obsei.vatio11 a i d  let stations A ai~cl B 
be observed with a theoclolitcl. Let C', A '  and B' (fig. 23) be the 
poir~ts oli the spheroid vertically below C, A aild B. The11 after 
correctioi~ as ill para 7 1, the ineasul-tit1 ailgle ACB is that lj(-ltwfbflll 
two planes contai~iiilg A silt1 B' r~spclctiv~ly aitd each contai~lillg 
the. sphc!roitlal iiormal a t  C'. These platleu i1ite:rsect the surface 

- - 

' L)cflection observations I I I O ; L S I ~ ~ , ~  t h , ~  ;~nglv I,(+,w(~bn t h ~  ~plic~roi(1 :~ntl tll(' 
k~ctual level surface at  the station of obscsrv;~t,ion. For pc.r~ll;rric%nt rcac.c,rcl it is c'lls- 

tomary to correct them for the norrrl:tl lack of p~r:~llelism between lclvc1l slirfltccs 
different heights. The correction now referred to rnnrely smounts to rr~rlioving those 
height corrections. 

t Not necessarily in every angle, bat thcrtx will c~rtainly be sorrlv anglvs in which 
the deflection correction is much larger then these height corrections can cvcr be. 



Fig. 21 

X 

Fig. 22 





Name of Seriee 

Computatioa of Corroetiot18 lo Observed Angle8,for deflection, altitzide nnd geodesic. 
N.B.-For correction to an observed angle ASB, A is the station that precedes B in the clockwise direction tmm 8. 

( h p k f b y  C.  0 .  r4. h b  18.11.31. &w by G.P.R. 

Q.E.P.O.-1891. 





of the spheroid in two curved lilies C' a A' aiicl C' 8 B'. Similarly, 
if observations are inacle a t  A, the angle ohtaiilecl is that  betweell 
two plaiies which intersect the spheroid in lilies A' y C' and A' q B': 
arid i t  happelis that  A' y C' ailcl C' a A' do not exactly coiilcide, so 
that we have some of the angles of the six-sided figure showii in 
fig. 82. Such a figure caililot be clescribed as a t,rialigle. Before 
the ~oinputat~ions call be proceeded with, i t  is iiecessary to choose 
soiile more or less arbitrarily defiliecl line, passing tthi-ough A a i d  
C, which call be called a side of the spheroiclal triangle A' C' B'. 
A coiivenient line, a i d  oile whose geoinetrical properties are well 
k~lowil: is tlie " Geoclesic " or the shortest line (011 the surface) 
bet'wee~i A' ancl C'. This l i i~e,  which is showil as C P A' ill fig. 22, 
lies betweell C a A' and C' y A', a i d  foi-mulctt are kilowil which 
give the angles a t  C' betweell the tailgelits to these three lines. 
Consequeu tly, give11 the a i~gle  a C'8, i t  is possible to calculate P C' IC. 

The col.rcwtioi~ is the differellce of two ttbrms of the form : 

where 8 is the sicle length ill iniles, A is the aziiiiuth aiid A is the 
latitude. With  siclee of less than 50 rnil(1s it inay be safely neglec- 
ted, aucl ill view of the o~nissio~i  of the correctio~is of para 71, itl 
may be l i e~ l~c tec l  untler all circumst~ai~ces. If required, i t  is con- !' 
veriiently inclucled in the form of ~olliput~atioii give11 in fig. 23. 

73. Solution of triangles.-Paras 7 1  and 72 have ~howil 
how the obstlrved angles can be corrected to give the angles of the 
spheroidal tl-iangle. Given these aiigles ancl the length of one side, 
it is 1-equii-ecl to obtain the length of the other two sides. Firstly 
let I, TI aild 111 be thr. angles of a sphei-oiclal triangle, and let I,, 
11, and 111, b(1 the anglcis of a spherical triangle whose sides are 
equal to t h o s ~  of the spheroidal triangle, the radius of the sphere 
being equal to K*, a meall raclius of cui-vature of the spheroid in 
the latitucl~ of the thi-ee statioi~s conct.i.nec1 : then it can be show11 
that I, = I etc. with all error of less thail O".UOl if sicles are less 
thail 100 miles long. 

Agail~ Ict, I,, 11,) and IIT,, l)c? the ai~gles of :t plane ti.ianglt! 
whose sitlrs also ctqual t,o +,hose of t'his sphci.ical triangle. The11 it, 

E 
Of the t r i a ~ l ~ l , . .  SO thn,t I,, = 1 - wit11 siifticit:i~t accuracy, and 

3 

1 1 1 1 ..-- 
K is yivc~~r by ,<,= ? ( & 1  fa + ;'+& 2 ) ,  wllcro K 1 =  J p l v l  ctc., pl and I? being 

the principal radii of cttrvi~turc at station I. 
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if oiie side S, is kiiown, the other sides iiiay be obtained by the 
01-tli~iary forinala : 

s 1 . -  - - S, - - s3 . -- 

sill I], sill 11, sin 111,' 
The spherical excess of a triangle is a small qua.i~t'ity which 

A .  depends o l~ ly  oil the area of the triangle ( A )  arld on K, vis. E=E~ 
I( drpenrls o i~ ly  on the latit'ucle, and is readily tabulated. 

Btbfore the observecl aiiglchs are used for the solution of triangles, 
they are macle to satisfy certain geometrical conclitions, as described 
in the ntbxt paragraph. 

'ure are 74. Figural adjus tment . - l1he  angles of any fig 
subject t'o cvrtairl geometrical conclitioris : for instance the sum of 
t.he aiigles of a plaiie triangle is 180'. Siiice no observations are 
pi-fect ' ,  t,he observecl* angles will not exactly satisfy these coiidi- 
tioris, ant1 i t  is possible to obtairi improved values of the angles by 
distributing among them such minimuin correctioris as will cause 
the111 to satisfy the coriditions. There are three kiilcls of figural 
coriclitions, viz. :- 

( C C )  Triarigular co~iclit,ioris. 
( b )  Sicle conditioi~s. 
( c ) Central c~nclit~ions. 

A triangular conclitior~ is simply tha t  t,he sum of the three 
angles of a spherical triangle is equal to 180° plus the spherical 
excess. 

A side condition occurs nheii i t  is possible to coinpute the 
ratio hetween two sides of a figure by clifferent routes, usiiig some 
independent angles in each cle(1uctioil: the ratios obtained by each 
route should of couiase be iclentical. 

A central coilclition is that, if the angles observed a t  ally poilit 
coinpi*ise the whole hoi-iaon, their sum must be 860'. Such colldi- 
tioils occiir only in centrerl figures, not in braced quaclrilaterals. 

A single triangle. iiot forming part of a inore complicated 
figure cont8aiiis only one cooditioil, a triangular conditiotl. It is 
satisfied by rlist.ributiiig the trialigular Prmr itmoll,o the aliglcbs ill 
illverse proportioli to the weights of the three observed ailgles (see 
para 75). 

A l~racerl qaarlrilateral c~ilt~aiiis  thrrcb triali.alar collrlitiolls and 
side coliclition : it of coLrrsth contai~le four trianylcs, but t h ~  foul' 

trian(rular errors are ,lot i~~depeliclent : givrll the errors of tllrrn of -. 
trhtl t>riallglen that of thr  fourth is ilnlnprliably knowl~, a ~ a l  if th* 
three oozlditiolis arc, satisfied the fourth will also he, autolnatically- 
Similarly iri a quadrilateral ABCD the ratio of CD b) AB call hp 
- -- - . - - -- - - -- 

Ideally these observed angles should firqt he cnrrecterl a3 in p r r ~  i l  and 72. 



ohtainecl through the triangles ACB aild ACD with AC as a 
common side, or through three other pairs of triangles wit'h BD, 
AD and CB as cominoil siclrs respectively : hut if any two of t'hese 
I - O U ~ P S  ~ i v r  accorcla~it ~(lsults, the rekaiilillo. two will 11ecessari1~ 9 h 
agree wit'h them, and there is only one conclitloii. 

A single-centlrecl quaclrilateral 01. other polygon co~it~aiiis as 
n~aily tria~i'ular conditions as the ~ iu i i~be r  of sides, ( i .e .  4 for a 
quadrilateral, 5 for a pentagon, ~ t c . ) ,  on0 central condition and one 
side conditioii. 

The solut,ion for t.he corre~t~ions t'o the a~ ig l r s  is made by t'he 
usual process of " least squares " ancl is generally kliowil as 

". Regular con~putation forms anb  proviclecl for t h~ 
of 1~1-acrcl quaclrilaterals ( form $1 T1.iaii. ), alirl of ceiit'~~ed 

quadrilaterals, peiit8ago~~s or hesagoils (form 10 Trian. ) . The t'heory 
on which these forins are 1,aserl is given in Eccles' " Notes on the 
Theory of Errors of 0hse1-vation "; ancl also ill G.'J'. Vol. 11, pages 
104-1 10. 

It somet~imos happens t'hat liiore cwliiplicatecl figui-es a1.e 
observed, such as a l,asp netf, or two interloclti~lg polpgoi~s. Tn 
such a case the fo~.in of computation has to  br im1,rovisetl. Rules 
are given in Eccles' " Notcls ", and i l l  G.T. Vol. I T ,  pages 210-21 i 
ancl 285-238. whc~re two exa~nples are also given. 

A fourth ki11cl o f  conditioli l ,e twee~~ thtl ob~t~rvorl angles is that  
known RS a " toto-11artiaI " colltlitiol~, llalnely that  the value of two 
or moi-e atljctcrl~t n~igles at  n station ]nust 1~ oqu:~l t'o the value of 
their sum. If iit tlic tiint. of  ol ,srrvatio~~ : l I I  statiolis are visil~le, 
whelic~vt>r requirPtl, ant1 if tllr 1)l~oct~cIurc~ givr11 ill pal-a 48 isalways 
foll~wed, tliesr conclitiol~e s i l l  i l l  ways b~ n o t ~ ~ i i a t i c ~ i t l l ~  fultillrd. 
wit,hout collsideration. Whe11 bl-okrll i.oulitls 11;1~(1 to 1,e observc~cl, 
some care is ~.c.quil.cltl, but i f  t he  nl,st,i-act is p~ . c~pn l .~~ l  in t h ( ~  rnallllc.1- 
(lrsci.il)erl in para 5(i, tlir toto-pilrtial (brlu:tt,ioils wi l l  always 11p 
~ittisfiecl and will 1.ty11ii.c~ 1 1 0  collsidel-ntioll. 

75. Weights.--Tho w(bixllt of all :111glc1 is n lneitsurtb of its 
rrlial)ilit : it is iliv(ll-s(bl l,l-olx,l.ti()llcI to tl1(1 sqa :~ r (~ .  o f  its l)~*ob:~hlt~ 
o r * .  I n  ol.(l(br to' ( a t  jllll,l~tp t110 ] )~~op(* i -  (listi-iI)~itio~i of the 
miscblosur(~s of t,hc v:~l*iolls c.(,llhitio~r ~ ( ~ l i : ~ t  io11s i l is ~~(~cessai 'y  f o 
kllow the woipllts of tlltt O\~sc~l.vod vnluc~s o f  c~ich :ti~gle. Weight3 
can ol~lg I,() detc21*lnill(~d 011 tho : L S S U I ~ ~ , ) ~ ~ O I I  tlliit ( h ~ ' r o r ~  follow th(h 
lass o f  r o 1 : l i l i  1,llt n(.tll;tlly v;il-ior~s nl~suslwv*td sjst4~matic 
('rrors 1n:L.y hnvcb ;L lnll(*)l 11101-(1 ~ ( ~ l - i o ~ i s  ( ~ f f t ~ ~ f  thnli ordi~lnry casual 
"r()l's of illtcl.s~ctioll ; L I I ( ~  pl'a(lll:~tiol~. C ' O I I S ~ ~ C ~ ~ ~ ( ~ ~ ~ ~ ~ J ~ ,  no a l n o u ~ ~ t  of 

- - - - - - - - . -- - - - - ' weight 19 yornc+i l l l~s  cl,.fin,.(l t ~ )  c l , l ~ r  LI to t l l ~  rc~c~iprocnl of  tllcl sqli;trth r ) f  

thi- ~ ' o o t - ~ n i - n n - ~ ~ c ~ , ~ , ~  1.1, 'I1hiq 1s ,)f (.,)111.q(. p r ~ ) l ) o ~ L i o ~ ~ : ~ l  to the I . I ~ ~ ~ I ) ~ . o c , ~ ~  of the 
qclll,trth of th13 ~ w o h ; l h l ~ .  ,~I.,.~,I.. r l l h l ~  wc>ig)lt.; 1y1~.c,rdcci in S111.vc.y at 111diit compntation4 
are really t h e  r~riprocil ls  of t11r qqlinrt3 of t h r  r o o t - m e n ~ ~ - s q ~ ~ n r e  error 



rolnputation will serve to  obtain a reliable value of the weight. 
An accuracy of 10% would be ample, if i t  would be obtained, but, 
there is 110 guaralitee that  the weights obtained by any lnet,hod are as 
reliable as this : i t  is even possible tha t  they niay sometimes be act,u- 
ally misleading. 

The iliost usual method of cletermiiiing the average probablc 
error of the angles of a series is t o  clerive i t  froin the triangular 
errors, but t'his method does not serve to  (letermine the relative 
probable errors of the separate angles of the same figure, which is 
what is now required. Thcl best ancl easiest criterion available for 
this purpose is thch agreement between the meail values obtained on 
clifferelit zeros : all angle, in which t,he clifferent zero ineaiis all 
agree withill :3" may fairly be consiclerecl more reliable tthaii one ill 
which they range through 6". Bu t  before this criterion can be 
applied it is necessary to  correct the various zero means for ally 
systematic gracluation error of the theodolite. I n  many theodolites 
there is systematic grad~lation error i11 clifferent parts of the circle : 
iiicAasures made in two of the quaclrants may teiirl to be always too 
Iiigh, ancl measures made i11 the other two may always be t'oo low; 
such a 1-cgillar gracluation error is a source of very lit,tle inaccuracy 
if measures are matle on 10 zeros : the errors of the clifferellt xcAros 
tend to  positive rallcellatiou, and the proba1,le error of the general 
,liean is not ~lrerrly ~ F t i m e s  as small as tha t  of a si~igltl zero nleall. 
111 such n theodolitcl, the zero mean of the most ~er fec t ly  observr(1 
angle may range through f,", and the general meari will be very good. 
While in a carelrsslj- ol~servrrl arrgle t.he range may be no  more thm 
h", and the meail will l)e lmrl : its probable erlnol* will br much more 
than 81.7 times as 1nuc.h as that  of t h r  good angltl. 

On completion of rhach srnsoii's work the horizn~it~nl angles of 
each theodolite shoul(1 be aualysc~rl for syste~natic gi.acli~ation error 
( see para 78 ). This ilivolves some laboor, but i t  is a usefol 
ill itself. The vai-ions zero mrans of each aiigle are the11 correctetl 
for this qracltlation error. aiid tllr a~ reemen t ,  of t h ~  correct~(1 
zero means i t j t ~ r  x~ is tllrb gui(1e to  tho proba1)le ei.ror of the allgle. . 

76. Computation o f  co-ordinates.-T~P figures hnvill:. 
1we11 groilnrl, the sidrs of the t,riangles RI-P eomlluted a8 ill para 7 3 .  
The ~lext ,  gt'ep is the eornpi~t~ation of t,he eo-orrli~liltes of t h ~  statiolls. 

Suppose the lat , i tu~lr  alirl longitrlde of A' a ~ i d  B'  (fig. 22) to  1 1 ~  

already known : then give11 the azimuth a t  A' of B', the angle A' 
betweell the geodesics A' B' a~lr l  A' C', and the ]engt,h of the g ~ ~ ) ( l ~ s i ~  
A '  C',  i t  is possible to  calcolate the Iatitl~~cle and I ~ i ~ g i t ~ i ~ d ~  of C'. 
( By the azimuth of B' a t  A' in meant t,he angle a t  A' I )P~ ,WPLII  the 
taligent tlo the sphproirlal rneridiali nnrl the t a l l p n t  to t,hp g~o(l*sic 
A' B'). And given similar ( l a b  a t  B', the co-orrl l~lst~s of C' can 
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again be cleduced in the  sallie way. Several formuln. exist for this 
purpose. That which has l~it~llerto been used in the Survey of 
India is clue to Puissant, and is clescl-ibecl ill G.T. Vol. 11, llages 
112-118. The forlrlula which has now been adopted is tha t  @veil 
by Dr. J. de Graaff Hunter9. I t  has the advailtage tha t  a slip ill 
the early part of the computation does not vitiate every succ~ecling 
line, as is the case with the old form. 

It is to be noticecl t h a t  the 1-equirecl angle C' A' B' is the observed 
angle correctecl for figural a d j ~ s t ~ i n e n t  t, but  not corrected for 
spherical excess. The sphel.oicIa1 angle is ~.tlquirecl, not the a i i g l ~  of 
a hypothet'ical 1)lane ti-ianglcl. Provisioil for obtsiiiillg t'he coi.1-ect 
angle is macle on the form 1 3 8  Tria i~ .  

77. Heights.- The height of ally station is defined to  1 ) ~  
the vertical sepal-atioii betweell i t  and the geoid belieat11 it. Given 
t'he distailce aiici elevatio~i of a station B as see11 from a stntioil A of 
known height, tllc coml~ntntioli of the heig-ht of B would be a 
straightforwai-cl mattel., b ~ t  for two clifficulties, ~ i a m ~ l y  ~-efractioll 
and the fact tha t  the shape of the geoicl is not wvll lc~iow~l, so that 
the correction for cul;vatul-e cailllot be 1)l-ol)erIy coin1)~tecl. 

Rqfrncfio~r .-Lig11 t passing tlli-ough air ( whose density val.ic.s 
with height) is curvecl ill a vei-tical plai~e.  The clxtcilt to whlch i t  is 
curvecl clepei~cis oil the rate of c1iailg.e of the air's clensity with height, 
which is greater a t  low altitucles than a t  high, and whicll IS liable to 
be abi~ormallS 1~1-ge 01. s~nttll ill the 11eighboui.hood of the g~-ouilcl. 
The ninouiit of c~~rva tu i -c  is usually clxpressecl as a " Coefficieilt of re- 
f~~actioil " k, whicll is (qua1 to half that  fi.actioii of a s~coi id  tliro1igli 
which the light is tlcviatpil while passillg througll a distallcc wl~ich 
subtends one seco~lil a t  tho tbarth's centrc. A~IRI-t  froin :~tinosl~heric 
:~b~~ol . lnal i t i~s  the ~lol-in:~I ( ini~~iinuin) value of k vniuicls wit11 altitucl(h 
al~d also with t 1 1 ~  tcinl)c~ratui-r~ n11c1 pl-~ssu1.e. I t  is give11 ill Tablc. 
5 8ur. of the Auxiliary Tnhles, 5th eclitio~l. 

If the coetticit~i~ t of irbfl.nrtioll was constant t'l~rooghoot t'hr 
]engtth of :L I-:IS tl10 ~)I-O)IPI- col-l-c~ctio~~ to ail nbservrd vei.tlcnl a l ~ g l r  
would bc) - X. x (nist:tllccl t~xl) i .cs~t~c~ ill S ( Y X ) ~ I ~ ~ S  of arc), but W ~ C I I  a ra.y 
])1~ocbcvcls fi.olrr 011o ]1(big:.llt to :111otllel-, t l i ~  cot~fficichi~t is ilot cx1)ectecl 
to bc c o ~ ~ e t a l ~ t ,  : suitttbl(b I ~ O ; L I I  V :L~UO is tl1~11 obtni~~otl  by absti-act- 
illg from tllcb tnl,lcb t hcb V : L ~ I I ( ~  of X. al)lwol)~-iatt> I 0  t l ~ t ~  1lctiu.ht of tlio k 
Is%.)' nt a 1x)i11i tlistnllt ollch I11i1-tl o f  i t s  l ( ~ i ~ g t l ~  fi'oln t l l ~  statloll of 01)- 
~ t~ l -va t~ io~  t .  (SVO (>x:~~n~) l ( l s  111 iIl(1 11o:ulii1q of t l ~ o  t:ll)1t5). 

Tt is ill~po~-t:l,llt to 1 1 0 1 0  that the tal)~il;tr ~rnlucb of  X. is o i~ ly  
applicable to ol)s(bi.vat i ( ) l l s  lnntlo :tt tilt> tiintl c )f mini~num 1.t~fl-actioi1, 

- - 

# d 8  Georlrnl, ". r)cll:n~.t~np~ltnl I'~DCI' NO. 12. ~ : L ' _ ~ I I S  :I*J-:l?. 

t Alqo for drviat~orl of t l ~ ~  vc~rtic:cl, Ilcligl~t. and gcotlcsic, if possiblch. 
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arid also that  it caililot be expected to  approach the truth in the case 
of low grazing rays. 

If vertical ailgles are observecl a t  both ends of a ray, allcl if the 
coefficient of refract'ion is coilst,ailt t,hroughout t,he 1eng.th of the ray, 
and if i t  is also coilstailt a t  t'he biines when both obsel-vations are 
made, ally depart'ure of t'his ~oilst~aiit  coefficieilt from the t,abular 
value will result in equal and opposite einrors in the value of the 
height differelice clecluced from the t'wo encls of the ray, ailcl the 
mean will consequeiit~ly be correct'. This is t'he basis of t'he well- 
kilowil met,hocl of comput,at,ion by " reciprocal vert'ical angles ". If 
t'he ray covei-s a wicle range of alt,itucle, t'he i~esult will be badly in 
ei.i-oi., since t,he coefficient of refraction is ~lefinit~ely not ~onst~ailt 
thi.oughout t'he Iengt'h of t'he rap. On the other hand i t  may well 
happen that  the act,ual air densit): gi-adieilt differs from that which 
was assumed in t,he coi~struct~ion of Table 5 Sur., in whic,h ca'se com- 
put8at.ion based on t,hat t'able will also be incorrect. But, given 
noi.ma1 conclit~ioi~s, t,he clifference bet'weeu t'he act'ual and assumed 
gradients may be expectecl to be appr~ximat~ely equal t'hroughout the 
Ieilgth of t,he ray, with t'he result, t,hat a combirlation of t'he t,wo 
methods will give a result whic,h is bet,t,er t 'hai~ eit,her. 

Thus, the diffei*enccl of height shoulcl always be computecl fi-om 
both encls, and the meail accepted. The differ)nce betweell the two 
~.esults will sometimes be see11 to be systematic (e.g. the difference 
decluced from the obsei-val ion a t  the higher eiicl may always be greater 
than that from the lower) : ill such a case the clisci~epancy may be 
expectecl to vary as the square of the length of the ray. 

If observations a t  one end of the ray are lacking, or if they are 
cousidered unreliable, a (leter~nination oi' height difference based on 
ohservation a t  the other end only canilot be consjderecl satisfactory, 
unless reciprocal cleterininations hare been giving accordant results 
elsewhere. If they have not, suitable allowai~ce must he made: 
either by computing values of k from other rays, comparing the 
computed values with the tabular, and so deducing a s~litable 
correction to  the table ; or hy abstracting the discrepancies found 
in rays of different lengths, and so deducing an expected discrepancy 
in the ray in question (assuming discrepancy to vary as the square 
of t'lle length), and so improvising a reverse valu; of the height 
difference to meail with tha t  already computed in the reglllar 
manner. SPP Geodetic Report Vol. V, pages 8 7-88. This procedure 
must always be followed in the case of intersected points, unless the 
distances are so short as to  make i t  unnecessary. 

Clurvnture correction.-All surveyors are familiar with the correc- 
tion to height on account of the Earth's curvatul*e. If the Earth 
is, or can be aesumed to be, a sphere or a spheroid, this correction 
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presents no difficulty : but since heights above the geoid are required, 
and since the geoid is an irregular figure, the curvature correction is 
not altogether determinate. The usual procedure, which is generally 
adequate, is to assume the curvature of the geoid to be equal to that  
of the spheroid in the latitude ancl azinluth concerned. I n  so far as 
the difference between the raclii of curvature of the geoicl ancl the 
spheroid is coilstailt between the two stations, the error is callcelled 
by meaning reciprocal observations, and generally this will not be a 
serious source of error ainolig hills of ordiilary magnitucle ancl with 
rays averaging 20 iniles in length. 

But in the case of rays to  Himalayall peaks, which inay be 100 
miles long, and which pass over couiltry ill which the geoid inay be 
expected to be extremely irregular, this approximation inay lead to 
results which are far from the truth. In  such a case a better result 
can probably he obtained 1,y first computing the i ~ l a t i v e  heights of 
the two statiolis (or statioiland intersected point) above the spheroid, 
and then estiinatiilg the difference of the sel~ai~atioiis of geoid aiicl 
spheroid a t  the two points. To compute heights above the spheroicl 
it is necessary to correct the observed ~~er t~ icn l  angles for the lack of 
parallelism betweell geoid and spheroid : this call only be deter- 
~nir~ed by asti-onoinical ob~erva~tior~ of the cleflectioii. To conipute 
the separations between the geoid aud the spheroid it is ~~ecessary to 
make some assumptioi~ (perhaps quite illaccurate) re~rarding the 

h. 
isostatic coinpei~satioii of the hills. The computation of heights of 
(listant Hilllalayan peaks will always iieecl sp~cia l  ooi~sicleration ant1 
details canilot be given l~ertb. Reference may he 111ad~ to Geodetic 
Report Vol. I, Chapter VI and toVol. 111, Chapter VII I  (2nd part). 
A table to facilitate the coillputatioil of geoiclal rise 011 the assuinptioil 
of perfect compensatioi~ is given in Geodetic Report Vol. V, page 79. 

78. Routine o f  computa t ion . -On return froin the field 
the duplicate angle books ancl abstracts should he received back 
from the Director (see paras 55 and 56). Angle books and abstracts 
should i~orinally he fully completed in the field, but if they have 
llllavoidably fallell into arrears the first step is to complete them, 
thereby obtaining the final meau values of all the observed angles. 

Drctrr .-Tho Ofticcbr ill cha1.g~ of thc Coi~~pntilig Oflice slloulcl be 
askod to supply t,ho co-ordi11:ttes ( to t.hree tleci~nals of a second ) of 
any clxist,iirg sta,tiol~s to which coi~nectioils have been made, and 
also thc Iellgths (to 7t,h tlecilnal of log) ancl :tzimuths ( t,o two clecimals 
of at socoiid ) of thc sitles joi i~i i~g thein. Thcsc should be compared 
with thr t,riaugulatioli pn~nph let ailcl a11 y cliscr~pa~lcy enquired into. 

Atrnlrlsis of gmdvotion, r~rt.or.-Thr n ~ x t  step is to  analyse the 
horisollt,ni nirLl(1 readillgs for syst,omat,ic ga r l~a t~ io l i  error, as a 
~ c l i ~ n i n a r ~  to aolnput,ing t , h ~   weight,^ of the a11gI~s (see palma 75 ). 
In the cas;! of a t,hcodolitc which has tlone Inany years' work, and 



whose systeinatic graduation error has always beell foLlllcl to he 
l~egligible or suficieiitly constailt, i t  inay be 1)ossiblr to olllit this 
stel' evtjlr idterilate year. But it gives ilsefol illforlnatioll ~g~rcl i l l l i rg  
tho collclitioil of the iiistibuinent and i t  should always be illoluded if 
circuinstancc?~ perinit. I f  oiily a sinall 1~rograinine has beell observed 
(less than ahout 10 stations) i t  will not be possible to get a reliable 
valutb o f  the erroi- from the seasoil's work, a i d  values obtaillecl in 
l)reviol~s yc'ars will have to  be utilisecl. The ailalysis coilsists simply 
of classifpii~g the observed angles accorcling to the part of the circle 
oil which they have lwel~ ~neasui-ecl, ancl 1.ecorcling. the values of the 
" Zero iileaii " rn i l l  us " Genei.al ineail " as give11 in xhe Abstract form. 
The fol*in ill which the angles ai-th classifiecl is that of a double entrj 
ta111~ (setb tig. 2 4 ) .  Aloilg the top of the table is recordecl the 
pal% of the circle oi l  which the left lla~ltl arin of t.he angle was 
ine~asured 1)y A microscope, and clo\vi~ the sicle of the table is the 
part of the circle ou which t'he right halid arin was ineasurecl. The 
o~ltries ill the table are the values of ZRI - GR1 as taken froin the 
al~stract,  t-he total iiuin1)er of enti-ies I~eiilg the number of angles 
measul-~cl multiplied by the ~ ~ u m h e i .  of zeros* 011 which each angle 
was o1,servpcl. Maily ; ~ f  the squares ill the table are inevitably blank 
si ~ i c r  the angles o f  t i a l a t i  g e n n ~ i ~ l l y  lie l~etweell about 30" 
arltl 00': the entries coilgregate about a line passing cliagonally (but 
ecceilt.l.ically) across t hth t a l~ l r .  Wheil a square coiltaiils more than 
onr cwtry the ineail is taken out and recortlecl a t  the hottoll1 of the 
scj~1a1.e. Sorn~b care is requii-ecl in er~teiilig values of ZM-GM ill 
the+ correct r;rquarthe, i.eferei~ce to the origiilal angle hooli being 
tlecwsary. The fil-st three colulnils of fo1.111 SA Triai~. may advan- 
tage'o~lsly 11e coml~letetl hefol-e the classificatioil is talreii up. When 
the entry has heel1 inqcle for ally one zei-o 011 which a11 ailfile has 
been measurecl, the entries correspoi~cliilg to the remaining zeros 
call 1 ) ~  entered without ti-ouble, thcb col-rect square for each elltr~' 
being vile or two or rno1.c squares tliagonslly clistaiit fi-om the PI-e- 
ceding sqoai-e. To facilitate this process the classification illterval 
should 1 ~ 1  equal to, 01. a s~~hmillt iple of. t,he srparation of the clifferellt 
zeros : if the zei-os have been 0°, l g O ,  :3(iG, etc., the classificatioll 
should he in groups of go, iiot of In0 as :rivrn in the exalnple. It will 

? seldom 1)t. convellient to make gi-oupm d ]I'M than !I0 01. more 20'. 

Ally I L I I ~ I V I I  smallri~ ths11 I r)" (what rv~i .  ,nay 1 ) ~  the siw of 
the ~ I . ~ L I ~ ) S  it1 the table), or g r ~ a t o ~ .  thall 1 (;Go. sho~ i l~ l  1)r rrclu(le(1. 
Thwr varist8iollr;r cannot 1)o attril,,lttvl tc, SYPteln:ktic grad~~atioll  e r r ~ r .  
Obvi~usly 110 entries nlay pver 1 ) ~  lnalle ill thr c v ~ i t r ~ ~  d i t ~ g o l ~ ~ ~ ~  
corresponding to  ailgles of xctl-o six(). 
- -- -- .- .- - -  - .. - - _--  

- 

" In the case of rt three-mict~o~oopo thooclolite the xpro means arr abstrllded 
separately for FR and FL and the two faces are trr:ated as separate zeros throughout 
these operations. 





Fig. 25. 

Analysis of Graduation Error of 12-inch Theodolite No. 11. 

a=mean from corresponding square on Fig. 2 4  (classification of 
angles), b = number of entries in the corresponding square on Fig. 24, 
c= (a x b), d = mean angle, e= 15 x c/d, f = mean scale reading. 





The tablc) illusti-ated is al)pi~ol)i-iate to a, two-microscope theodo- 
lite. 011 such a, theoclolit', if A microscope reads (e.g. ) 60°, t'he 
parts of thc circle ill uscA 1)y tho two 1nic.i.oscol)es are ideiitically the 
salrie as when A i'eacls 2 40°, c.olisequciitly sel),zi-ate lilies ailtl coluinns 
are ]lot proviclecl ill th r  tahle for circle rtwlil~gs of greater thaii 18U0. 
011 a, two-microscope theoclolite FL aiid FR reaclings are also on 
ideiitically thc sailze part of thc~ circle. For the a~ialysis of a three- 
inicroscol~e tlit~oclolitcl, independell t colmniis will 011 1 y be provided up 
to 120°, a loi~g the top aucl bottom, aiitl whc~il absti-acting values of 
ZM- GM, face left and face right reacli~lg-s innst be treated separately. 

If sufficie~it inaterial was available thc~ meail of all the entl-ies 
ill each coinpai.tineilt of thc tal)lv ~voulcl IIP all tliat is iieces- 
sary for thcb correctioil of obserrccl ailglos foi- tlie cleductioi~ of 
weights, but silict. graduatioii erinor is iiot tlie 0111y source of discre- 
palicy betwreeii zeibo ineans aiid gei~eral intlai~s, aiicl siiice material 
is gcblierally too scaiity to  avtliangtb out ot,htli- soui.ces of error satis- 
f a~~or i ly ,  it is ~ iec~ssa i -y  to smooth the results. To clo bhis the 
ineans ++ are al)sti*actcbcl to a fui.th(bi- tal)lo ( fig. 2.5 ) with the saine 
~luinher of rows aiicl c.nlulnus as trhtl precediiig table.. Each square 
of this t a l ) l ~  col~tniils sis o n t r i ~ s  oile l)chlo~v the other. The first 
( a  ) is thr incall ~alnci of the1 cori~esl)ou(lii~g squai.cA ill the previous 
table, c.g. i- 0.5 for t h ~  11 th  colninn of the sccoiicl roll; ill the 
exaa~ple. Th(3 sc~contl ( b )  is tho ~ l u l n b ~ r  of o11t i . i~~ of which this 
figui-e is the mrali, P. g. 1 0  Thc third (c)* is the protluct of (a) a i ~ d  
(h), viz. 5.0.  Thft fourth ((1) is t l ~ ~  incall size of t'hc angle to which 
thfb squaret ~*rf'ei*s, 0. x. 1 !).iO- 1 50°= $5'. (The a,i~gltls ill the colulni~ 
h~acli1-1~ sho~llcl 1~ sul)trsc.t~d fro111 t l l o ~ ~  cbiitcli-ecl oil the left of each 
row, the pairs selecteel Ileillg such that tho cliffel-ence is positive a i d  
less t h a ~ i  180'). The fifth elltry ( e  ) is li x ( c  ) - ( d  ), where k is 
the grncluatioi~ ioterva~ hct\~~ecll  successirc Iiiles ailcl colum~ls P g. 
13'. 111 this eramplc ( 1 1 )  is l . ( i i ,  the sigl~ificaiicc~ of which is that  
the ineail i.atc (~nultiplirrl 11). its ~vthight) a t  which gracluatio~l error 
is changing ill thtb part of i11c cii-(11th ui1(1cb1* considt~ation is + l'"(i7 
~seconrls) per 15". Tlle last r ;~ti-y ( f  ) is thp inicldla scale reading of 
this part of the circlcl, vix. $ (t'O'7A + l 5 7 J  ) = 180". The figure l'"67 
(divi(lrr1 i?y its w.ig]lt,-in this ~x:ll~iplc~ 1 0 )  I 1 is tllcii appli- 
cal)lo to t l l ~  c*irclc a t  IS()". 

I t  will 1 ) ~  ~ ~ o t , i ~ ~ b t l  th;lt, c q n n  1 I~:I 1nc.s of ( f ) ruli tliago~ially 
~ C I ' O S B  th(l tal)](\. T11p 11(1xt st(>p is to ~11111  :I 11 t,llo (li~trirs ( c') a11(1 (1) )  
1 1 1 1  I S  ~ I I  I I vall~c of ( f ) : this ~vill somr- 
t i m r ~  ilrvolv~~ ~ * p f i ~ ~ ~ n c ( ~  t,o two cliap,~inl srts o f  ~qu;ll-(~s. Thr suln of 
811 t'ht. v~ltl*i(*s (11) is t,hc1n (liviclcyl by t110 s~lln of tllic ol~tries ( 1 ) )  

- - -- -- 

" In l'ri~catic-cl it j q  ~ I I O I - , ~  (-c)l l~~'l l ip~lt  t o  w r i t ~  ( ~ O J V I I  t11(' totals indead of thc 
m ~ l l s  in t h ~  first ti~bI11. ;~ntl  t o  copy them direct into entry ( c )  of the second t ;~blc ,  
Bntric:s ( a) boing s~~l)( : r : iu~us.  



Srcc. IV] GEODETIC 'J~UNOULATION 

and the result is the weighted mean rate of change of graduation 
error of the circle in tehe neighbourhood of (f ). The actual gradur- 
tion error of the circle is obtained by forming the running total of 
the halves* of these quotients, each item of the running total beillg 
considered to be the graduation error a t  a part of the circle whose 
r ed ing  is K0/4 greater than the ( f ) correspondiiig to the quotient 
last adclecl. 

It will be coiiveilieilt to plot this running total ill the form of 
a curve (see fig. 26). 

Vkzyhts.-The weights of the observed angles are computed on 
form 7 8  Tria11.t (see fig. 27). Each angle requires as manF 
lines as the ilumber of zeros which have been observed. (Twice as 
many in the case of a three-micrometer theodolite). I11 the first 
two columils are enterecl ( t o  the nearest degree) the part of the 
circle on which A micrometer has been real,  (the entry in the 
first columii being the circle reacling of the left haiid arm i.e. t.he 
smaller reading unless the 360' graduation happens to intervene). 
In  the third column is entered the value of ZM ~ninzcs GM. I n  
the fourth column is recorclecl the gracluation error (from the 
running total 01. curve) corresponding to the entry in the &st 
columri, and in the 5th is the graduation error corresponding to 
the seconcl column. The sixth column records ( 3 )  + ( 4 )  - ( 5 ) .  
Columns ( 3 ) ,  (1), ( 5 )  ancl ( 6 )  shoulcl he recorded to t'he nearest 
terith of a second. The probable error of the angle is then obtain- 
ecl from the entries in the sixth column by the formula. :- 

0.84.3 Z I v I 
p." = 

n d n  -i 9 

where 5 v is the sum of column ( 6 ) ,  without regard to ~ign, 
ancl n is the number of entries. The weight usually recorded is 
the reciprocal of the square of the root-mean-square error, viz.:- 
the reciprocal of Oa-t54 x (probable error ) '. 

If t'he weight of a clouble angle ( the  sum of two or more 
adjacent angles) is required, the columns 6 of the form 7A Trian. 
of each of the partial angles should be added together algehraicall~, 

- - 

* Halves hec;tnsf- entries occnr a t  intcl.vals of K3 2 whereas the quotient expresses 
the ixte of change in seconcls per K'. 

t The form '7 Trian. in which weights have hitherto been computed $lows for 
n rather e l ah ra t e  co~npntation of errors d l ~ r  to observation and graduation respec- 
tively, but no alltrwanc~ is niarle for the almost absolute cancellation "f reglllerl~ 
systematic graduation prror. If snch sys t~mi~ t i c  error is present, the re1ativc 
wraiyhts ohtainrd are fsllacions. while if gra,cluatir,n error is absmt, i t  is thought 
that ib  r~f ic ien t lg  reliable result is obtainable from a simple consideration of 
c r rp i~~l ( : i~s  hetwppn zPro means 

Similarly i t  is now thought u n s o ~ ~ n d  to apply a correction to the general 
if observations on some zeros are more consistent than those on others, AS thl' w'" 
give  due weight to the gradnation error of the apparently h t t e r  zeros. If oh- 
aenationa on any zero are exceptionally i n ~ o n & h t ,  the weight of that zero '' 
improver1 by repeat observations ( see para ;R ). 



Sac. IV] GEODETIC TRIANGULATION 

and the result is the weighted mean rate of change of graduation 
error of the circle in the neighbourhood of (f  ). The actual gradua- 
tion error of the circle is obtained by forn~ing  the running t'otal of 
the halves* of these quotients, each item of the running total being 
coi~siclerecl t o  be the gracluation error a t  a part of t'he circle whose 
reading is K0/4 greater thaii the ( f )  correspondiiig to the quotient 
last addecl. 

It will be coiiveiiieiit to  plot t'his ruiiiiing total ill the form of 
a curve (see fig. 26 ). 

Fl.TP,iykts.-The weights of the observecl angles are coinputecl on 
form 7A Tria1i.t (see fig. 2 7 ) .  Each angle requires as malip 
lilies as the number of zeros which have beell observed. (Twice as 
inany ill the case of a three-micrometer theodolite). I11 the first 
two columiis are eiiterecl ( t o  t'he nearest degree) the part of the 
circle oil which A micrometer has been reacl, !the entry in the 
first cc)lumii being the circle reading of the left haiicl arm i. e. the 
smaller reaclii~g uiiless t'he :3tjOo gra~luat~ioil happens t.o intel.vene). 
111 the thircl column is eiit,erecl t,he value of ZM rninus GM. In 
the fourth column is recordecl the gracluation error (from the 
runnirig total 01. cui.ve) corresponding to the eiitry i11 t,he first 
columr~, and iri the 5t,h is the gra~luat~iori error correspondir~g to 
the seconcl columii. The sixth columri records ( 3 )  + ( 4 )  - ( 5 ) .  
Columr~s ( 3 ) ,  ( b ) ,  ( 5 )  arid ( 6 )  shoulcl be ~~ecorcled to the nearest 
t 'er~th of a second. The probable error of the a l~gle  is then obtain- 
ecl from t,he entries in the sixth column by the formula.:- 

0'845 [ I /  / 
-- - - - - - - Po" = 9 

PZ Jlt - 1 
where 3 ;  v i is the sum of columr~ ( 6 ) ,  wit,hout regard to ~ ign ,  
ant1 n is t,he number of entries. The weight usually recorded is 
t,he reciprocal of the square of t2he root-mean-square error, viz. :- 
the reciprocal of 0'454 x ( probable error ) 2. 

If the weight of a, t loubl~  aligle ( the  sum of two or more 
adjacent angles) is required, t,he co1uml.l~ 6 of the fo1.m 7A Triall- 
of each of the partial aiigles sho~ild be added together algebraically, 
. . ~ .  . - - ~~ -~ - - - ~  --- - -- - - . ___  -- -- 

* Halves heci~~lscl ctntric!~ occltr ;lt intchrvi~ls of K "  2 whcrc!:~s the q~rotiont cxPresges 
the r;btcx of cliange in secon(1s pel. K". 

t The form '7 Trinn. in which weights hi~vv hit,herto been computed allows for 
rather c1lnt)ortctr: ci,lnl~ntntion of errors C ~ I I I .  to ohs~rvation ant1 grtbdl~a~tion respec- 

t,ivc.ly, but no ;dlowancc. is nlntle for thr: iclr~lost ; ~ b s o l n t ~  ~n~ncellation of re!4111rtr1g 
syst,c.mnt,ic gr:~,l~la,tion error. If snch systc~i~~ictic crror is prcsc?nt, the rolnt,lv' 
wi.ights oht;rinc~rl are fallacious, while if #mrlnatic)n error is absent, i t  is th()"ght 
th;#,t a snffic:ic~~tly rtl1i;rhlc~ rrslllt i~ oht,ainnblo from a silnple considerntion "f 
c.rcqxtn~:iil~ h ~ t  wrv!n xclr~) Ilirl;tns 

Sin~ilarly i t  is nl)w thought unsollncl to ;~,pply a correction to the gf?nf!r~l mean' 
if c)bservations on some zeros itre ~rlore consistent then thosc on others, as this wlll 
give undue weight to  the grad~mtion error of the appernnt.ly h ~ t t n r  af!ros. If 
8erv:ations on any zero ;we exceptionally inconsistent, tho wright of that  zero 
improved by rc.pnltt observations (see para 3 8 ) .  



GRADUATION ERROR 

of 

12-inch Theodolite No. II 

Fig. 26 

Circle Readings 

1; 2 

H . S  1.0 Dehra Dun 

1 .1  135.0 -0.18 + 0 . 9 5  1 3 8 ~ 1 ~  

142.5 -0 .27  + 0 . 6 8  146'14 

1.0 150.0 -0 .24  +0 .44  1 5 3 ~ / 4  
157.5 -0 .25  +0.19 161 

0.9 165.0 -0 .09  +0.10 168~14 
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Error 

303/4 

1e3/4 
26 

333/4 
41'14 
48  3/4 
56 '14 
633/4 
71 

7 8  3/4 
86  

9 3  3/4 
101 '14 

10a3/4 
116 
123~14 
13l1I4 

d .0  

7 .5  
15.0 
22 .5  
30 .0  

37 .5  

45 .0  
2 5 . 5  
60 .0  
6 7 . 5  
75 .0  

82 .5  
9 0 . 0  

9 7 . 5  
105-0 
112.5 
120.0 
127.5 

+0 .03  
+o .og  

+0 .01  

f 0 . 0 8  
+0.16 

+0 .04  
+ 0 . 0 8  

+ 0 . 0 8  
-0 .02  

-0.19 
-0 .03  

-0 .08  
+0 .06  

+0 .30  

+0.15 
+0 .22  
+0.16 
-0.01 

+0".03 
+0.12 
+0.13 

+0,21 
+ 0 , 3 7  
+0.41 
+0 .49  

f 0 . 5 7  
+ 0 . 5 5  

+0 .36  
+ 0 . 3 3  

+ 0 . 2 5  
+0.31 

+0 ,61  
+ 0 - 7 6  
+ 0 , 9 8  
+1.14 
f l . 1 3  
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SEC. IV] COMPUTATIONS 

line by line, to form a columil 6 for t'he double angle, from which 
t.he weight can be deduced in the usual way. 

The reciprocal weight, ?L is also recorded. 

Sphe~icnl E~ces.9.-The spherical excess is next computed on 
form 8 Trian. The triangles should he cornputled in order from 
one end of the series to the other. Each deduction will then 
furilish the log sicle which is necessary for the computatioil of the 
next. On this form angles are recorded to  the liearest secoild only, 
and 4-figure logarithms are usecl. The sphei-ical excess is I-equired 
to two decimals of a second. 

G~inding qucrd~.ilccfe~.nla.-The next step is to make the figural 
adjustment~s. A braced quadrilateral is ground on form 9 Ti*ian. 
(see fig. 28) .  At the top of the forin is a diagrammatic quadri- 
lateral, against t,he corners of which are entei-ecl the names of the 
stations (;f the figure eoiicenled. 111 the top right hand cor11er 
are entel.ecl the ohserved * angles (from t,he abstract, ) wit'h their 
reciprocal weights. 

The t8riangular errors are then computed at  the left halid side 
of the form, and the side closurel- a t  t,he right aiicl centre. The 
columns headed " Filial Error" aiid "Test," are of course left blank 
at t'his st'age. Ti1 the co lu~ l~ns  s are enterecl t'he changes ill the 7t'h 
figure of each log sine, correspo~~ding to a change of 1 second in the 
angle. The reciprocal weights a t  t'he head of Table T are iiext 
filled in, and also the entries -- s,, etc., in row D. 

Tables I1 aiid 111 are next complet,ed. It il~ust, be noted that 
in collforinity wit,h the general custoin in all Survey of Iiidia forms, 
a + sign is definitely plus, but a - sign may be left uncl~angecl or conve1.- 

to + as may 6e appropriate. 
The eiit8~-ies in the top four lines of Table IV are the horizontal 

stuns of the rows of T a b l ~  111, t,hese four liiles being the coefficients 
off , ,  .f2, ,c3 and j',, t,he unknnwns in t,he iloriual equations. The sign 
=may be supposed to precede the column e, in each line. I11 this 
last column are pntpr(y1 P , ,  P, ,  e: a11~1 c ~ ,  t<he triangular and side enSors. 

The four llorinal c.quabions are t,hen solvecl autlomat,ically by the 
usual in~t~hod as oxplaillpcl in t,cxt books. The rule is as f0110ws:- 
Mult8ipIy t,lle first, equat,ioll t,hln~lgh by t.he coeficient of .ti, divide by 
t'he coeficinlt of .f,, and I-ecord i t  with t,he sign chailged ill the first' 
line below, omit,t,illy the i eno~ t~ i~ ly  eoeftic~ir~lt of ,ti. The next line 
would be obt,ai~lctl by mult~iplying t'l1e first equation through by tmhe 
co~fficient of .f, and' d iv ic l i~ ,~  by tthe coefficient. of ,fl; but as the 
coefficient of f ,  is 0, t,hp &ult~iilg quailtities will be 0, and they 
-- -- . .  -_ _ _ 
' The word "conCludocl angle " which r1sc.d to appear at  the top left hand corner of 

the form is now synonylnous with observcd angle. See foot,not,e '0 page 80. These 
ang1e.q shonld he corrcbctrd for drflrction, height, nnd geodesic, if possible. 

t It is not necessary t,o correct t,he observed angles for spheric&l exceee before 
taking log sines to find the side closure. 
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have been so printed in the  form. The trhircl line is obtailled by 
mnlt~iplying the first equatlion t,llrough by the coefticient of f,, divi- 
ding bj t'llat. off,, a i d  changiiig sign. The  coefficient,^ neeh llot be 
entered where no provision is inacle for them. Acld t'hs coefficiellts in 
the first line of t'he 11t.w c.lUoup t,o t'llose of equat8ion 2 and record 

b 
below: t'hen add t,he coefti~lent~s in the second line of the new group 
t'o t'hose of equat.ion 3 ailcl recoibcl, and h e a t  the fourth equatio~l 
siinilarlg. W e  have nocv t'hl-ee eq~latiolis involviiig three unlrnown 
qoaiit,itirs, ,f?, ifi and .ti. Goiiig tshroogh a similar process to that 
alreacly clescl-ibecl, we come i 'o  two eq~n t~ ions  illvolvillg two ulikilown 
qnalitit.ies ti and j',, and lastly we lseduce the equatioiis to one 
involving one unknown quantity f,. Dividing out by its coeficient 
we have t'he value of ,f,. This brings us to  the bottom of the form. 
The remaincler of Table IV is founcl above ailcl t'o t'he right. Taking 
t'he last, line but' one, fill i t  up  from t'he first equation in the group 
involving t'wo unkilowil quant'it'ies, # f 3  ancl ,t;, transferrin(. t'he t'erin b involving ,f, over to t,he ot'her side. Then s~hs t~ i tu t e  for .f ,, add the: 
t'wo t'erms, ailtl divide b j  t,he coefficient of , t i ;  t'his gives ,ti. To find 
,f, employ the first of t'he group of eqnat,iolls iilvolvillg the t,hree 
uilkirown qnal~tit,i*s ,ti, and ,fa,, and ellt'er t,he third line of the I B S ~  
portion of Table I V :  and similarly for ,f;. Then enter Table V and 
multiply t,he quantities in Table 1 by the values of,f,,,f,, cit'c., as 
ii~dicatr(l.  Thc i-rsnlt,ing values i-)ht,iillecl from t,his t , a b l ~  ale 
most. prohal)lcl errors of the ai~gles.  

The errors obtaincd are then entered in t,he test column left 
blank in the earlier. part of tOie form. 111 thc case of the triangulas 
conclitions the sum of thr thl-chr en-ors shoultl equal the triangular 
error. I11 the case of thc side c.oll(litions the erro1.s are each inultiplierl 
l!y t'he approl~riate n, : L I I ~  the I ~ f t  nil(l right hai~( l  parts of the table 
a le  siim~nrltl to g in .  S,' a1111 S,' i-(~sl)r~ctiv~l,y. Tllril 5,' - 8,' sholll(l 
equal f. , .  Thrso t ~ r t x  must i)rovrb ;llmost r.xnctl y ~ i i ~ l ~ s s  in~stnkrs 
have hc~rli m a t l ~ .  

Tllp i~nmher  of (leeiinal plnt*c~s c o ~ ~ t n i i ~ u l  ill t h ~  differc~lt s t a ~  
of the cotnl)otatio~~ shnulrl i,rb i l l  acc.o~.~lai~crb with tliv ~~ra inp lc~  given 
ill ti$ 28. This (~xaml,l+~ is appl.o))l-i>~tt to  tho may~itn( l ra  ~f th* 
isecil)rocnl weights yci11r1-ally f0~11( l  i l l  i)lnilll:~i-~ t~ . i :~ i ly~ l l i l t i~ l~ ,  ililln(-'l?. 
h e t w ~ e i ~  z ~ ~ 1 - i )  ai~rl  2.0. wit], solllo V ~ J I I P S  ill c~ac.11 fig-III'P atl Ip&sf 
greatel- than 0 . 1  . Tf thv fol-111 is Ilstl(l f 0 1 ~  fl.i:lllg-ill~tii)l~ of llllll~llal 
qoality it 111ay lw (~onvolli~~llt  to  l n l  I 1 1 thc rl:~ltl('s of 
?rill ally olio tigurtb I I ~  somr ~ o l ~ u t : ~ ~ ~ t  ( e . i .  10) 1,efoi-e e i ~ t ~ r i i l g  fheln 
in the fo1*111 : i t  is cltinl. that  this i s  a I,yitilnatc. l)~.nc.etlure, ill 1 1 0  W a P  
affeeti i~g t h t ~  1list~ri11utio11 of (brl-()r, I ~ l t  t l u ~  facat that  such actioll has 
beer] t a l r ~ i ~  rhonlrl 1 , ~  I . P ( I O ~ ~ ~ V ~  :lt t}llb to]) of tho fo1.1n. to avprt' 
~ L I ~ S P ~ U ~ I I ~  tnist111(1c~l~sta~l(lin~, 



9 
Tr

ia
n.

 
F

ig
. 

25
 

N
o

. 
r5

 
P

A
R

T
Y

 (
 

5
;

o
n

 u
\a

\'
lo

n
 

2
 

) 
S

E
A

S
O

N
 

1
9

2
9

 -
 3

0
. 

N
am

e 
of

 
Se

ri
es

 
MO

WJ
 

H
ss

b 

T
ri

a
n

r~
~

la
r 

E
rr

or
 - 

S
um

 o
f 

ll
~

lg
le

s - 
(1

9t
Y

3+
 0

. 
S

id
e 

E
rr

or
 =

 
10

,0
00

,0
00

 x
 

(S
um

 o
f 

lo
g 

si
l~

es
 on

 r
ig

ht
 -
 S

um
 o

f 
lo

g 
si

ne
s 

on
 l

ef
t)

. 
I 

Se
co

nd
s 

ad
 

X 
F

 
r

r
r

 
S

ec
on

ds
 o

f 
X

 
I 

o
r

 S
ec

on
d8

 o
f 

X
 

F
in

al
 E

rr
o

rs
 

T
B

E
T

 
Te

%
---

 
A 

I. 
11

. I
V
 

tc
.s

te
d 

A
 
I. 

11
. 
11

1 
te

st
er

1 
A
 
I.
 1

11
. I

V
 

te
st

ed
 

x 
lo

g 
si

n
e 

F
in

al
 

C
ha

ng
e 

in
 

X
 

lo
g 

si
ne

 
- 

--
 

E
rr

o
r 

lo
g 

si
n

e 

R
ed

uc
tio

n 
of 

M2
'l 

n
 m

a
\;

 
H

.S
. -
 L

 e
k

t
a

 un
3 

H
. S

. 
Q

ua
dr

ila
te

ra
l 

by
 th

e 
M

et
ho

d 
of 

M
n

im
u

rn
 #

p
a

re
r.

 

I
'
 

-
 

1
.
1
 

. 
I 

2
1
 

r
3

 
La

 
T

i 
ZI

 
T

ab
le

 1
V

.-
-E

qu
at

io
ns

 
he

tw
ee

n 
F

ac
to

rs
. 

r
 

+
9
 

f
l
=

 -
0

-
,
f
2

+
\
2

/
+

-
Q

A
L

 
u1

=@
29

 u
3

=
U

2
 I

,,;
=&

L
\ 

~,
=C
kl
il
 ~

~
=

0
1

4
8

 
E

qn
., 

C
oe

ff
ic

ie
nt

 o
f 

=
 +

O
_b

4k
M

+!
~!

68
74

 -
 Q

:3
k 

=
 +

 1
.4

4
5
1
8
, 
j
1

,
 +

 1
.6

80
44

 
T

ab
le

 I
.-

N
um

er
ic

al
 

S
ta

te
m

en
t 

t,
f 

C
!o

ef
fic

ie
nt

a 
in

  
eq

ua
ti

on
^ 

of
 C

o
~

~
d

it
io

n
. 

I 
+

0
3

J
2

=
 
-
 _

Q
L

$
,-

*
J
fi

[l
S

f,
 

- 
O

5
 

A 
1

+
1

 
, 

+
l

 
+ 

1 
+ 

1 
..

..
..

..
. 

=
 -
O2
17
44
- 
0:
_1
40
Bb
8 -
 0:
3l
53
5=
 
- 
19
B1
14
1,
s,
 

=
 -
 2.

58
57

1 I 

S
ta

te
m

en
t o

f 
D

at
a.

 
-
 -
 -
 -
 -
 

-
-
 

.s
.o

r 
11

1 
or

 
IV

 
1

0
1

 
?

~
U

I 
H

.S
,N

,,,
 

E
x
p
la

n
at

io
n
 o

f 
S

ym
bo

ls
. 

...
...

...
...

...
. 

+ 
I 

2 
+

.
O

-
-
 

+
O

'
L

\
+

J
L

 
- 

0
.4

R
 

+
 O

I
A

,
 

=
 -
 3

2
4

8
 

f4
 
+ 

0
:.

8
U

S
L

 
...

...
...

...
...

. 
...

...
...

...
...

 
+ 

1 
+ 

1 
+ 

1 
3 

I
 

+ 
--

 
+-

 5
.7

0
 

+
 A

d
b

l
_

_
-
 

=
 -

~
Q

Io
~

.+
 

0
8

I
.
 =
 +

 -0
~

5
Q

3
3
3
 

,(,
 = 

+ 
tH

o3
Sr

H
' 

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
. 

+
?

?
 

-
1

 
+

I
6

 
4
 

+ 
4

-
8

 
+ 
-
2
1
.
 
-
 .

 .
 

..
..

..
..

..
..

..
..

. 
-
 

-
~

 
-
 

T
ab

le
 V

.-
-F

in
al

 
D

et
er

m
i~

~
at

io
~

l 
of

 
E

rr
o

rs
 t
 

- 
t
 n

G 
- 
l
r
,
7
 

+ a
, 

-
 

- 
--

 
.T

he
 q

u
an

ti
ti

es
 b

e-
 -
 

..
..

..
..

..
..

..
. +

 .-
-a

m
 +

 -0
10

46
5 

oe
tl

ic
ie

~
~

ts
 

in
 T

ab
le

 I
 e

nd
 t

he
 c

or
re

ep
on

di
ng

 
lo

r t
h

e 
di

ag
on

al
 e

m
 

(J
'0

0
0

0
 

0 
0
 0

 0
 0

 
0

 0
0

0
0

0
 

A.,
 

+B
2sI

 
+
a
 

+
D

:u
 +

- 
n

o
t 
to
 

be
 r

ec
or

de
d,

 
-
 I-l

-9-
 

-
 .

.-
!i

w
!Q

~
 

+
 P

:.L
L

 +
 -4

: 1
4 

+ 
a
4
8
 +

 ,
a
&
 

be
in

g 
id

en
ti

ce
l 

w
it

h 
B

.r
 .

..
..

..
..

..
..

..
..

..
 

..
..

..
..

..
..

..
..

..
..

..
 

+
4

 
+
,I1

W
 
+
4
2
0
 +
u
 

th
m

e 
ab

ov
e.

 
+

 4
3

2
3

 +
 a
m
-
-
-
 

+ -
 

4
.3

8
0

 !5 
-
 -

-
.m

s
 

/n
.B

 
c

.u
 

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. 
+ 

.Q
.:h

Q
 +

. L
C

-
 +

 -
0
6
1
-
 

X
.C

 
.

.
 ..

.
.

.
 

I 
.

.
.

.
.

 
.

.
.

.
.

 
D
.
~
 - 

-
1

-
Q

 ..
..

..
..

..
..

..
..

. 
c

-
2

a
 -
-
0
~
2
0
 

+A
:a
 

+ 
22

1:
 -
51
% 

+ 
!L
5 ,
8.
00
.9
3 ..-

 
-.
 

.
 

, h
h

le
 I

L
L

-P
ro

du
cb

 
of

 q
ua

nt
iti

e-
9 

il
l 

T
al

~
lc

 I1
 n

nd
 t

ho
se

 i
n 

co
rr

es
p

o
ad

i~
~

a co
ls

. 
of

 l
'a

l~
lc

 I.
 

H
or

l. 
th

in
 

-
-
 

sq
n

. 
-
 0

°1
1

3
9

- 
?

. 
A 

1 + 
+ 

+-
 

+
m
4
 

+ 
1

.0
6

, 
c

,,
,s

~
, 

o
f,

/,
 i

n 
I 

I 
+
u
 

+
0
1
4
 

..
..

..
..

. 
..

..
..

..
. 
- 

-2 
-
u
 

i 
--
 

- 
b4

.B
 , 

..
..

..
..

. 
..

..
..

..
 

.
.

.
a

,
.

.
.

.
 

..
..

..
..

..
..

..
..

..
..

..
..

..
. 

l3W
.D

 1 
..

..
..

..
..

..
..

..
..

. 
- 
k
.
4
9
 ..

..
..

..
..

..
..

..
..

 
+
a
=
 

,, 
,,

J
, 
.. 

0 
.
.
.
 

.
.

.
.

.
.

.
.

.
.

.
 

C.
.C

 
..

..
..

..
. 

I 
..

..
..

..
..

..
..

..
..

..
..

..
..

. 
0

. -
3
0
 

I 
cw

.~
 i .
..

..
..

..
 1 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
 

+
-
-
Z

a
-
 ,, 

,,.
fd

 ,
, 

3 
--
--
- 

1,
 

de
no

te
s 

G
en

er
al

 M
ea

n 
fr

om
 A

bs
tr

ac
t.

 

'I
 

,, 
m

os
t 

P
ro

ba
bl

e 
E

rr
o

r 
of

 
X

,. 

h
 

, 
R

ec
ip

ro
ca

l 
W

ei
gh

t 
,, 

4
 

, 
ch

aw
e 

of
 

lo
g 

si
ll 
X,
 f

or
 1

". 

'm,. 
,. 

,, 
f X
,,
 +

 X,
 

fo
r 

1"
. 

t 
H

a
-T

b
r,

 
E

rr
or

8 
o

b
ts

ln
ed

 i
n 

th
in

 t
rr

bl
e 

(T
ab

le
 V

) 
er

e 
to
 

be
 a

pp
li

ed
 w

it
h 

rh
s

q
e

d
 s

lg
ns

. H
J
 a

pr
ra

ct
io

ne
. I

n 
th

e 
T

ri
an

g
le

 s
he

et
s 

(1
1 

T
ri

en
.)

. 

de
no

te
s 

S
ph

er
ic

al
 E

xc
es

s.
 

e 
,, 

E
rr

or
. 

f 
,, 

Fa
ct
or
 (

in
de

te
rm

in
at

e)
. 

C
om

pu
te

d 
an

d 
C

om
pa

re
d 

by
 

R
 . K

 . 0
, 

a
n

d
 

S.
 I.

 A 
, 

17
 

- 
12

 .
 

19
30

 



- 

SPC. IV]  COMPUTATION^ 

Grinding polygons.-A hexagon is ground on form 10 Trian. A 
pentagon or centred quadrilateral is ground on the same form, not 
all the columlls being required. A similar form can easily 11e impro- 
vised for a heptagon or ally other simple ce~ltred figure without 
diagonals; but for more complicated figures a special foi*m inust be 
improvised (see para y4).  

The method of colnputatioil on form 10 Trian. will be clear 
from the explanation of 9 Trian. given above. I n  case of doubt 
examples can always be found among the records in the Computing 
Office. 

Computation of log sides.-Form 11 Trian. ( solution of triangles ) 
is next set up, the angles being taken from the abstract form and 
not from the grinding form: this is in orcler to provide an inclepend- 
ent check 011 the copying of the angles. Where the series coilsists 
of simple triangles, the order in which the triangles should be set up 
is immediately obvious. Where the series  consist,^ of quadrilaterals 
or other figures, i t  is not imperative to set up more triangles than 
are sufficient to carry forward the log side and to fix all the stations, 
since after adjustment has been carried out different pairs of 
triangles will essentially give the same result. Neve)*theless all 
possible triangles should always be set up, i11 order that  the agree- 
ment of the values of common sides, derived by different routes, 
may independently check the accuracy of the computation. Discrep- 
ancies of as much as 3 in the last ( 7th ) decimal may occur : in silcll 
cases the mean should he acceptecl. 

One third of t,he sphel-ical cxcess has to be deducted from 
each angle of n tl-ia,ngle, aucl the corrections derived fl.oin the 
grinding forms have also to  be a13l1liecl. I n  t'he case of a simple 
triangle the coi-1.cctions arc derivc?d by clividing t.he triangular error 
amol lg  the angles ill p r o l ~ o r t ~ i o ~ ~  to the i.eciproca1 weights. If the 
latter are w,,, w,, :tnd ,,I.:, the con.ectioi~s are :- 

In  this form tht) three st,ations of  a ti.ian,vlo should always 11c 
set up in clockwise ortier, t,hch station opposltc the know11 side 
appearing last (see fig. 2 0 ) .  

T,ntitvd,~s mu,d / ~ ? ~ ~ ~ i t ~ , ~ l ~ s . - - T h o  lat,it,uclcb anti loi~git~ude of ~ a c h  
~tat~ion shoultl 1,~. computrtl 1,y two tlt~tl~lctions on form I YA Trial]. 
(see fig, 30 ). TWO dtvluc:t,ionn arc1 snfficie~~t, ~ O W C ~ V ~ I *  inally rays 
RI'e av;~ilal)lc~, n i l l c c b  wl,(hll figlrws 11;~vo h+~t111 ;tcljust~ccl, :dl r a p  will 
Il('cc!ssai*ily givv idt:llt,ic:~]]~ t h c h  s:Llnrb r . c w ~ l  t. The two rays rmploythd 
should fol.in t,wo sides of a t.l-iallgle ABC, C being the unfixed point, 
and A being that which 11r~ced~ls B ill clockwi~e order. Then to 
deduce the azimuth of C a t  A and B, i t  is necessary to  add the 
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spherical angle BAC t,o the known azimut,h of B a t  A, and to 
subt,ract t,he angle ABC from t,he azimuth of A a t  B. 

To avoici confusion the computer should have a chart of the 
triangulation in front of him when deducing these azimuths, 
although strict adherence to the rule of setting up forms 11 and 
1 3 8  Trian. makes the rule of signs almost automatic. 

The. numher of decimals to  be usecl in the computatiori is indi- 
cated in the example given in fig. 30. The form is self-explanatory 
and no special instructions are required. The small corrections 
computed in lines 60-63 and 67-72 may be obtained from nomo- 
grams. (Tables 7 C% 5: Geod. of Auxiliary Tables, Par t  IV) .  

Hei!yhtw.-The computation of heights is carried out on form 16 
Trian. (see fig. 31).  Vertical angles will ordinarily have been fully 
observecl a t  both encls of every ray, ancl the height differences should 
be declncecl from all observed vertical angles (see para 77). When 
taking the mean of different determinations of the height of a 
station, nlost weight should orclinarily be given to the shortest ray: 
other things being equal the weight is iilversrly proportional to the 
sclllare of the length of the ray. If the ohs(2rvecl vertical angles at 
ally station have shown exceptional variation from clay to day, or if 
thch heights clet~rmined from the t n o  ends of a ray are exceptionally 
cliverg~nt, the cleterminntioll must he given corresponclingly 
weight. Observations not made a t  the hour of rninillzuin refraction 
mill generally he rejected. 

Proviclecl the ohservecl vertical angles from one station to another 
are rrlasonahly constant from day to day, the computation should be 
carried out with the mean of all the observed vertical angles, and the 
mean temp~ra ture  and pressure. But if observations are divergent, 
it will be best to  compute each clay separately, so that the reject'ion 
of any one clay can be consiclerecl. 

Heights of instrument ancl sianal should invariably be above 
thc uppcr rnarkstone of the stations, i.e. the markstone a t  the top 
of the 40-inch circular isolaterl pillar, or c o r r ~ s ~ o n d i n g  structure. 
This rnust not be confuserl with the smnllrhr, square "protectillg 
pillar" which has sonletimea heen built (see pages 8, 9 and 10 of the 
l s o ?  edition of this handbook). All published heights refer to the 
upper markstone. 

Ryn~ysi.q.-The sg~~ops is  of the Iat,itude, longitude and height 
of each station, with t h ~  distances and azimut,hs of adjacent stations 
is prepared on form 21 Trian. When junction is lrlacle with any 
previooaly ohserver1 ~eode t i c  triangolatioil, the accepted 
values of these cluantrities should be entered in red ink below the new 
values, and a note should be made of the source from which they 
have heen obtained. 



Fig. 29 
11 Trien. S~llbtg 0f  Pnbia 

NO. 15 PARTY ( %on uIat;on ) Mom, H s d  Ser'lcs SEASON 1029 -30 
~ c m P U ~ , ~  oj pn,,.+l n y , ~ .  

~ ~ . - T h m  mmm d All1 8wlmm h d d  bn foUord by H. 8.. d T m r  Ibtlonm by T.8.. and of P M h m  b p.6 
10 wev thlrd Ilns In !him ooluma enter tho Lql. -t In pLQ of tha log d o e  d the Ande.  

CayvlQdadeorrcpandby R . K .  6 .  omd S . I .  A .  





13A Trian. 
Fig. 30 

pase 
NO. ..AL PARTY s i e f i d a E ~  --.-....I SEASON I~L~;=AQ 

J 

Computation of Lati/zrdtv, Longitfides and Azinz~ltha of .Geodetic Stations. 

( I )  Antla n*ed Im rompntation In 11 Tr im.  nbonl<! ba c a t e n d .  for m l p  see chnrt. (?) Bame n i p  ma the noglen l a  Ilns 6. ( 8 )  r = ~ormnl .  I- 

1 Bend., Aax Tmble.. p a r t  IT, 6th (9 F- ., aeon. ,  ha;. ~.h lea .  Ymrc 11'. 6th Edn. (I) Thin 1s + U A in batwaea 90'mnd 270'. o t h s r r l m  -. 
(B) msn u I M P  In llns 9) .  (7) Fmm 1 0  Math. Anx. l'rblrm, Psrr 11. 6th Ctln. (9) Thin la + if A in between 1.W and m, o t h e r r i n  -. 
(O) Charts 7 nnd 8 Ocnl for (A md )& rrspetlrsl~ mmy bo rimed .I ma mlternntlrc ro cnrnpntntinn of l l n n  BO to 611 and 67 t o  79. 110) Thll l l  + If A b 
balr-n (r mad BO. or i& mnd Y ~ o * ,  o(bsrrlu -, (11) Pram 6 Oerd, An.. Tnhle~.  port IV, 8th MD. (12) @mmr ntgn N AA. la lina 78. 
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At this stage of the computation no adjustment t,o old work is 
carried out. After adjustment (in the Coinputin.. Oftice or Triangu- 

6. 
latioil Party, as the case may be) a fresh syllopsls will be prepared. 

79. Intersected points.-Intersected points should be 
computed in the same way as stations. There is of course no 
weighting, grinding, or distribution of t8riangular error. The third 
angle of the triangle is deduced froin the two observed angles, 
spherical excess being taken into account. The log sides are 
computed on form 11 Trian., arid latitude and longitude on form 
13A Trian.* The heights are computed on forill 8 Topo., and the 
synopsis is made on form 9 Topo. 

The positioils of int,ersectecl point,s inust be corrected for ally 
subsequent adjustment of t,he series. If t,he adjust,inent is being 
carried out ill t'lie t r iang~la t~ ion  party, i t  will be best t'o postl- 
pone computation of latitude and loilgitude of intei.sected points 
until the adj~st~inei l t  is complet,e. 

Form 11 Trian. sllould be set up for as inally independent 
triangles as are available in order t o  obtain indel)endent values of 
the commoil sides, as a check on the accuracy of observatioli. The 
observer should decide what values or coinbillatioil of values of the 
coininoil sides are to be accepted, giving due consideratioll to the 
conditions uilcler which the point was observed. Form 1SA Trian. 
will be computed with two rays only, the most reliable. Tlie accep- 
tance of mean values for the lengths of these rays may result in 
imperfect agreement hetween the two deduct~ioiis oil this form, but' 
the distance between the two positioile deduced  nus st be less thaii 
the difference hetween the different values obtained for the sides 
which have bee11 ineailed together. 

80. Spelling o f  names.-The correct sl)~llillg of the ~laines 
of all new stations should br verified 1)y r~ferenct. to the District 
Officers or Political Agelit,s. A list should be yreparecl a ~ l d  attached 
to the computations, showiiiq the names 1wovisiollally adopted in the 
angle books and coinl~utatioi;s, and those fillally adopted. Tlle ilaines 
of old G. T. stations call never be changed, altllough better naines 
call he added in brackets after the old names. 

8 1. History Sheet.--A t.shnlnr stattlmcilt should be pre- 
pared giving the followilig cletai1s:- 

( n ) Nainc ancl numhcr of scrips. 
( h ) Senson of obsc?rvatioli. 
( c ) Nnmc of ol)sc.~-vcr. 
( d ) Namcl of officer by whom colnputa~tions havo bccn 

scrut,i~lisecl (stvb para 88 ). 
---- -- 

Tho observed angles miy  be cntcrcd directly in linc 6, line 7 being left blank. 
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( e ) Name of O5cer  in charge of the party. 
(f) Name of the Director of the Geodetic Branch. 
( g ) The i i l~ t~ru~nei l t  used. 
( h ) The opening sides. 
( i ) The closing sides. 
(j ) The n~unber  of stations observed at. 

( k )  9 ,  new stations. 
( 1 ) The length of the series i11 miles. 
( m )  The number of square miles covered by the series. 

( 0)) 9 9 each type of figure. 
( o ) The average length of side in miles. 

(?I) 7 7 ti-iai~gular error. 
( 1 ) The rrlaximu~n triangular error. 
( 1. ) The values of m  ancl M (see para 84 ). 
( Y ) Orclei. of merit.. 
( t ) The valcles of y and P (see para 84) .  
( u )  The closing error in lat'itucle. 

(4 ,, 9 )  ,, ,, longitucle. 
( w )  ,, 9 9 ,, ,, azimuth. 
( 4  9, 9 ,  ,, ,, log side. 
Y 9 7  9 7 , ,, height. 

These details shoulcl be followecl by a statenlent of the system 
of observation, i.e. number of zeros, measures, etc., and of the type 
of signals used. Ally other connection with geodetic or topo- 
graphical triangulation or with spirit levelling shoulcl be mentiolied, 
aiid also any astronomical ol~servations. This shoulcl he followed 
by a very brief st'atement of the sequence of tlhe operations. Finally, 
complete details should he given of any irregularity or unusual 
procedure of ol>servation or computation. It should be possible to 
aesume that  everything has followecl the normal course except in so 
far as may be mentionecl in this statement. Mistakes found in 
scrutiny should also he recorded ( see para 88 ). 

82. Permanent record.-At the end of each recess all 
angle books ancl c~mput~at ions shoulcl he sent to the Director for 
permanent recorcl. The original and duplicate computtatrions a8 
d*tail~cl in paras 78 to 81, nhool(1 1 3 ~  placer1 ill s e ~ a r n t ~ e  folios together 
with the history sheet sncl a trace of the chart. Both original and 
duplicate computations must complete in themselves. 

After examination, the Diract,or will pass the allplr 1,ooks and 
computations t,o the 0ffict.r in charge of t,hr Computing Office for 
binding and record. The original and duplicate will he eeparate1ely 
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bound. If the series is incomplete, and if observatioll is being 
continued during the followiilg season, the binding will be post8polied 
and the comput,atioi~s will be reissued t,o t'he t r iang~lat~ion party 
during the followiilg recess. 

83. Corrections to  triangulation pamphlets.-011 
colnpletioii of the computations, forms 2 0  and 2 1  Topo. will he 
prepared for newly fixed statioils and intersected points respectively, 
and sent to the Computiiig Office, for incorporation i11 t,he triangula- 
tion pamphlets. It sllould be stated whether values given are 
adjusted or not. If they are unadjusted, they \\-ill be corrected by 
the Computing Office after adjustinsilt has been macle. 

84. Criteria of accuracy.-Fom. quant,itics nr, M, y and 
Y are computecl, from which is judged t,lle accuracy of t,he series. 
nz aiid M refer to position, 21 and P t.o heights. 1~ and 11 are based 
solely on the accuracy of obsel.vatioii, whilc M ailil P take illto 
acco~lilt the lay-out of t'he series, a i d  so &re a better iiieasure of t'he 
rate at, which error is accumulating. 

Qomyufcctio~z qf m.-m is the 1-oot-mean-square error of an ull- 
adjusted horizontal angle ( ill secoiids ), as deduced from t,he brian- 
gular errors : 

where XA? is the sum of the squares of all tlie t'riangular errors 
ill the series, a i d  ?L is t,he number of t,riangles. It should be 
coinputed to  three decimal places: M, 11 and P are computed 
to two. 

All triangles inust 1)e incluclt~d in the colnputatioii of ln : 
all four t,riaugles of :I, quadrilateral inust 1~ iiiclucled, not olily 
the t'hree which have 1,ecii used in tlie grillding forin, as i t  will 
oftell happen that  t,he three hest closilig trlaiigles have heell selected 
for this purpose. 

It may happen tha,t when comput,ing t'he series, a t'riangle or 
one angle of a t8riangle has heen rejected, 011 the grounds that  it 
has a large triangular error and is probably urnreliable. In  such 
cases the rejected t,riallgle should genel*ally he letaincd in t'he 
computat,ion 'of m, alirl invariably so ~mless it,s ir;ldiiess is defiilitely 
attl,ihutable t,o some cause, which is fairly c ~ r t ~ a i ~ l l y  kn~w11 1iot' t ' ~  
have aff ecterl t,he ot,liel- t,riallgIes. The Directnr 's app1.oval should 
he obtained heforc ~ ~ ~ l l l d i l l g  from t,he coinprit8at,io~i of m, ally 
trialigle, whose three anfiles have heen fully ol)sclmved. A t,l5iallg'lc, 
in which only two angles have hecn observrcl alicl in which the: 
third angle has beell deduced, has 110 closilim crror a~ltl  obviously 

'? 
such a triangle is ilot illcludecl ill the coinput,at8lo~1 of m. 
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Computation of M.-The formula, is :- 

18 ~ = ( ' + f ) ~ ~ /  d ,  

where 1 is t,he average length of the sides of t,he triangles of the 
series in miles, and 

1 3 a + y  f = -.--- 
12 a+t3+y+6' 

where a, @, 7 and 6 are the number of simple triangles, braced 
quadrilaterals? peiltagons and hexagoils respectively, in the series. 
Heptagons and nonagons ( if any ) should be t.reated as peiltagons : 
octagoils and clecagons as hexagons. The significance of the num- 
ber 18 ill the formula for M is that 18 miles is the average length 
of the sides of the Inclian triangulation. Assuming figures to be 
regular, the accumulation of enTor of azimuth and-log-side is pro- 
portional to M (see Professional Paper No. 16, pages 90,91 and 105). 

Computation 0f.p.-p is the root-mean-square error of the un- 
acl justed difference of height hetween two stations ( in feet ), as 
computed from the closure of height round the three sides of a 
triangle. 

If h,, h, and h, are t,he observed differences of height in the 
three sicles of a triangle (each normally being computed from 
observations a t  both ends of tho ray ), i t  is clear that k1 + h2 + 19 
should be zero * : let i t  actually equal V. 

Then p = -. 7 

3 n 
where n is the number of triangles. 

When colnputing p i t  is only necessary to include such tri- 
angles as are essential for fixing the heights of all the st,ations of 
the series. Any very large ti-iailgles which are not esselltial to 
this purpose should be excluclecl : hut  110 esselltial triangle, nor 
other triangle of average size, should be exclucled merely because it 
closes badly. 

Comptc.tntio~~, oj' P.--The formula for P is :- 

where 1 is the average length of the sides of the triangles considered, 
in miles. 

The accumulation of error of height is proportional to P (see 
Geodetic Report Vol. 111, page 27 ). 

85. Adjustment of series.--The adjustment of a complete 
network of triangulation such as that shown in fig. 1. is an operatio11 
- - 

* When considering the signs of h,, b, h3 it is of course necessary to  proceed 
continuously round thr triangle. 



which is only undertaken once or twice in the history of a survey 
and which need not be referred to in this handbook. The Indian 
triangulation has been adjusted, and the adjust,ment cannot be 
1-e-undertalcen whenever a new series is added. The practice, 
when a new series is closed on to old primary triangulation a t  each 
end, is therefore to  adjust i t  to the old work. This adjustment does 
not necessarily improve the accuracy of the new work: in fact it 
probably decreases its accuracy: but it eliminates local discrepancies 
which would be incoilvenient to topographical triangulators. It 
does not preclude the possibility of a final readjustment of the whole 
triangulation, in which the unadjustecl values would of course be 
einployecl. 

It 11ss beell cust,omary for the acljustinent of the series to be 
carried out in the Coinputing Office, but there is no reasoil why i t  
should not be carriecl out in the field party if the lengtth of the 
recess, ancl tlie perso~l~iel  available, inake t'his possible. 

The followillg is the inetlzocl of adjustment which is adopted. 
As stated above it,s principal object is to avoid inconsistency, and 
labour is not wasted on obt,nining the theoretically most probable 
solution. Fig. $ 2  rppreeents a series which has been computed from 
an old eicle AB and closecl oil another CD. For the acljustment, 
consicler the sides BAEFGHJKCD as a traverse. The closiilg of 
this traverse on to the accepted side CD, involves the satisfaction 
of four independent colrditi;ne, viz. :- 

( a )  Latit'uclc of D 
( b )  Longitrude of D 
( c  j A ~ i i n u t ~ l ~  of C a t  D 
( t l )  Log siclc CD. 

111 order to  adjust the traverse BAEPGHJKCD i t  may be 
assu~necl that  t , h ~  azilnuth error of each side is a small angle 7" 
greater than that  of t h ~  p r ~ c e d i ~ l g  side, tlhat of AB being zero. It 
lnay r~lso be nssulnc~cl that, thc error in t,hc 7th figure of the 1% 
side iucrr~ases from one siclcl to thc. ilest by a slnall quantity E:  

'his woulcl 136) an unwnrrarltablc assu~nption in the case of a traverse, 
where the sides are c1irprtly ln~asured, but i t  is quite reasonable as 
applied to  sides of t l . inl lR~~]at i~l l ,  which are each deduced from the 

prtlcctliilg. 

T ~ P  ahove two nssml~pt,ions nrp of course i~lsufficient to satisfy 
the four contlitioils, SO that 77 nl~cl e cannot be d~terminecl. To make 
the prol)lem dotprllli~latp the schries is arbitrarily clividecl intIo two 
halves. I n  the first hillf tho progressive increases of error ill azimuth 

log nide are talcell to be 7, and rl respectively, and in the second 
half 70 and e,. The four conditions can now be satisfied, and the 
four u-hknow;ls call be determined. 
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The division iiito two separate halves should be made in the 
middle of the series, unless there is a marked change elsewhere in 
the quality of the ti.iangulation, in which case the division should 
hc made a t  the place where the quality changes. 

In order to form the four equatioils for q,, el, qo & E?, t is 
iiecessary to compute the effect on the terminal latitude, longitude, 
log side ancl backwarcl azimuth of unit values of :- 

I. E, the change in the 7th figure of the log of the side 
preceding the first side of a series ( viz. the change in BA ). 

TI. E ,  i . ~ .  el aiicl E?. 

111. 7, i. e. 7, ancl 7,. 
IV. I!,,", the change in the latitude of tirst station ( A ) .  

I I  V. l r r , ,  , the changt. ill the backward azimuth a t  the first 
station, ( viz. a t  A ). 

VI. v,,", the change in the longitude of the first station (A) .  
Crrtaiil i~ecessary nlultiplying factors are first worked out on 

forln 1 Adj., the two halves of the series heing kept separate 
( fig. 33 ). The s~~ff ix  r ii~dicntes the serial number of the station as 
qiven ill coluinu 2, station A ancl the first station of the second half 
stlritw heing numht.r.ed 0. 

The two hzllvtls of tlhtl sc~i.ies are next considered separately on 
t'o1.m ;! Aclj. ( fig. 34 ). The five " cases " corresponcl to I-V above, 
V I  requiring no computation, for a change in the loilgitude of the 
ol)~iiirig statiori makes equal changes in all succeecling stations. 111 

tht* first half of the series cases I, IV, V and VI clo not arise, a,nd it 
is orily necessary to  compute cases I1 and 111. I n  the fo1.m 
i 2 Aclj. ) n,., r q , . -  v,, ailel ir!, are the required changes of Iat.itucle, 
Iori~iturlr and l~ackwarcl azimuth a t  the r t h  station, resulting from 
u~ i i t  values of E ,  and 77,, in cases II and III respectively. The 
multipli~~rs A to H al-eb o1)tairiecl from form 1 Aclj., ancl the other 
rlilanl itirs are citlicbr given dii-ectly ill the footliotes, or are ohtained 
from the pr t~edi l ig  line as inclicatecl in the footnotes. u,, v,.-a,, arid 
I t q , .  arch wch the 1.uiinlilg suins of the preceding columns. 

The last station of the first half of the series is the opening 
station of the srconcl half of the series. The second half is then 
taktbn 11p 011 form 2 Aclj., all five cases being considered. 

The four ~ q n a t i o i ~ s  car1 ]low hr formed. Let prefixecl suffixes 
I a11d 2 inclicatt~ the first aiid secollcl halves of the series r~s~ect ively,  
ancl Itlt the ~ l u i n l ~ ~ r s  I to V 111~1i~ate the '' cases " so that ,u, 111, for 
(b.uamplr, inclicattbs thcb u,. ohtaine(1 from case 111 in the seconcl half 
of the series. Then at  (4, the end of the first half of the series. 

corm. in latitude = ,?A, I1 4, + ,u, 111 7, = U, of 2nd half, 
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corril. in longitucle = ,(v,- v,) I1 E ,  + ,(v,- v,) 111 77, = v, of 2nd half, 

3 7  ,, azimuth of F= ~w,IIsl + l~,IIIql = W, of 2nd half, 
the cowection in log side FG = jS1 s1 = E of second half series. 

And a t  D, the elid of the secoilcl half of the series, 
6 X =  ,u, IE + ,u, IIs, + 2udI1772 + ,u, I V  u, +;u,~w,, 
6L = V, + ,(v, - v,) IE + e ( ~ r  - V O )  1 1 ~ ~  + 3 ( ~ ,  - vo) 111 q2 

+ g(v,. - v,) IVuo + q ( v r  - vo)Vw0, 
6 (az. of C ) = ,w,IE + ,tu,IIs, + ,w,IIIq, + ,wrIVuo + ,w,Vw,, 

6 ( log DC ) = y1 s, + 1-, F,, 
q. ,  ailcl T., being t'he nuinber of sides in the first, and second half 

of the series i.espect~ively ( including CD and ercludiilg AB ) .  

These four quantities being equated to the discrepancies ( acl- 
justecl m.i~l,rts prelin~inary), which i t  is desired to adjust, pl.ovide 
four equations for E , ,  F,, q1 and q?. They must, be solved on form 
1AAclj. (fig. 35) 1)). t'he usual method usid for solviilg siiil~llt~a,lleous 
equations. 

111 t,his case the equat.ions are not symmet,rical about a diagonal, 
and the procedure is coilsequently a little different, frcm t'hat described 
iu para, i s  i11 coililectioii with the grinding of quadrilaterals. 
The rult. is :--Multiply t,he first equat8ion t,llrough by t'he 
coefticiellt of 6 ,  ill the secoild equat,ioil a i d  t,lleil clivide i t  by t'lie 
coeficient of ill t'he fi1-st equat'ioii*: record the result with t'he 
sign cl~a,iigecl, ill the 5t'h line of the form, oinit,ting t,he coeficielit of 
el. Then i11ult.iply the first equation through by the coefficient of e l  
i l l  the t'hird equaiion, divide i t  by the eoefficieiit of 6, ill t,hr first,, 
and record i t  with t,he sign changed in the (5th line of t'he form. 
Again multiply the first equatioil by the coeficieilt of 6, in t'lie fourth, 
divide hv the coefficient of s, i11 tlhe first, alicl record i t  in tjhe it'll 
1 .   hen add topet,hrr the Bild and 5t8l1, i3rd aiid Cit'll, a>nd 4th and 
7t,h lilies of t,lie forni aiid record their suins in the s th ,  9t.h and lOt,ll 
lines respectively. These t,hree lines then represent three eq~at~ioi is  
for ql, E? and q,, which are reduced to two, and eveiltually to one 
equation, in a similar manner. It will be seen that the rule is the 
same as that  given for t,he griildiilg of quadrilaterals, except, that  
t,he lattei is simplified by the sylnlnet'ry about a rliagonal. 

Five ctecimals should ~iormally he kept in the coml~~tat~ioi i ,  and 
the results should be subst,itnt,ed i;l the oql~itt~ions to verify that the 
solutioii is correct. 

Tf in ally equat,io~i t,here is a coefficient of less thaii 0'1, i t  will 
he ~ol~v~n ie l l ' t  to multiply that  equation t,hroogh hy 10 or 100 before 
solut'io~l, so as t,o increase the smallest coeflicielit t'o   no re t,han 0'1. 

* In p r ~ r t i ~ ~  it iq of CniirgP more convenient first to find the quotient of the 
two coc.fficients and then to mnltiply thc eqiintion by this cl~ioticnt. 
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The adjusted log sides of the adjusted flank are then imme- 
clitttcly tltlrived f~.om the values of E.. The resulting change of latitud~, 
longit'ude aiid axiinuth a t  eacll station is obtaiiiecl successively on 
for111 5 Adj. 011 this form 8s/s is the fractional change in t'he side 
considered, Ss/s cosec 1" being equal to 0.0475 of the change ill the 
7th decimal of tht. log side : the factor*f' is uiiity ill this case : u' and 
c' are the chailges of lat,itude ancl loiigitucle of the pi-eceding statioi~. 

This coniputatioii should be carried up to the two closing 
statioils : if their latitudes ailcl longitudes are corl.ectly reproduced, 
the whole process is checked. 

It is licxt necessary to adjust the reniaining stations of the 
srries, a i d  to fiilcl the acljusted lengths ailcl aziinut,hs of the sides 
joilling them. To fix each station two aisbiti-a1.y sssumptions have to 
htl macle, which takta the followiiig form :- For each stat'ioil which 
r~ ina ins  to he acljustecl, consiclei- a triangle of which it is the apex 
a ~ i d  tthc neai.est " traverse side " is the base. Tlleil the changes ill 
the hase ai~gles of these triangles are assuinecl to bear the same ratio 
to 17 ,  ( or 7: ) :ts the base angles themselves heal. to  the ailgles of the 
" traverse. ". Thus to adjust the station L we co~isicler the triangle 
FEL ailcl we assunlch that  the chailges in the angles FEL and EFL - - 

FEL a r e . t ' ~ ,  ancl j;q, respectivelyv, whei.e,f'= --- EFL ancl e f ;  = It illust 
FEA EFG' 

1 ) ~  ~ ~ o t e [ l  that these1 assuinptioils are arbiti.ai*y, and that consequently 
only two such nss i~nip t io~~s  car1 he made for t.ach statmion to be fixed: 
having m:ttlti si~fticie~iit nssmnptio~ls, it cailiiot hc assuinecl that the 
csor~'e~tioiis to ally o t h ~ r  angles ( e. g. AEB ) are equal to the corlme9- 
1jo11cli11g ,/' 7,. 

'I'lir i.esolti~rg cha~iges i n  the sidrs of the trianglrs associated 
with each untixetl s t a t i o ~ ~  are the11 computt.d O I I  form 1 Adj. ( fig. 
: iK i on which shoulcl hp set up sufficient ( ancl iio inore than SUB- 
cient ) triangles to fix t h ~  1.cmailliltg stations. The changes in 
latitude., lorigitude~ aurl reverse azimuth a t  ~ a c h  of these st8at8ioiis are 
the11 cc bmputed on form 5 Aclj. ( fig. :3 '7 ), tach station beiilg C o r n -  

pllte~l from both sides of the triangle hy which it is bpiiig fixed. The 
two sides should of course give acookrlant results foi  tht)  change^ 
of latitude nncl lu~rgitucle. 

The trianpulat ion pamphlets pul~lish t , h ~  anilnut hs and ]OR 

le~lgths of all the s d e s  of g+lo:letic triallgoIat,ion. It. is bhelaefor~ 
necpsnary to comp~lt~e t h ~  changes ill t,hrstb quantities 111 ally sides 
not already dealt with. This is doire on foim (i Adj. ( fig. 38 ). 



Fi
g.

 3
2 

A
B

 is
 t

h
e

 o
p

en
in

g
 s

id
e,

 a
n

d
 C

D
 i

s 
th

e
 c

lo
si

n
g

 s
id

e.
 

A
E

F
G

H
JK

C
D

 I
S

 t
h

e
 a

d
ju

st
ed

 f
la

n
~

, A
G

 b
ei

n
g

 t
h

e
 f

ir
st

 h
al

f,
 a

n
d

 
G

D
 t

h
e

 s
ec

o
n

d
. 

T
h

e
 n

u
m

b
er

s 
in

 b
ra

ck
et

s 
a

re
 t

h
e

 s
er

ia
l 

n
u

m
b

er
s 

of
 t

h
e

 s
ta

ti
o

n
s 

u
se

d
 i

n
 t

h
e

 a
d

ju
st

m
en

t 
co

m
p

u
ta

ti
o

n
s.

 





Fig. 33 
1 Adj. dborbog o C  P n b i u  Page 

NO. 15 PARTY ( Tr;an3u~o\ion ) SEASON 1928 -30. 

Name of Serie.8 C k, 
Computatiun of Factors A, B, C, D, E, F, i: and If for we on, 2 Adj. 





2 Adj. 
Fig. 34 
page 

No. 15 PARTY ( 'Tr;03ulo\;on ) SEASON 1020-30. 

Name of .wries C\;,\Iagcn3 
Computation of Coefieiento for Solulion of Eqmlionr. . 

rr 

5 

- - 

- 5  

- c 3 1  
2 - 
6 4 
- - 

s"f s:: Q. 4 

0 O b o g . r  
8 %  Z 8  Q G  .:g ,r: ,,, 

:88 11Eg floe ~8oO n8F n g g .  > Z 8  T T .  
5 0  9 9%- $ f ~ ' $ ? d  ' > 0 6 A  .%jO$O 13°To . . .  

+ I  I 1  I I I + + I  I + I l l  
- 0  9 -  
.D@ d m  w $  I-- '2 $ 0 %  p *  

0 0  n -  O N  2 2 
o o  O Q  0 6 z  0:: -580 o  o,o 

" 0  0 d 0 0  1100 l o o  I I ? ?  m o o  y o 0  
o & &  6 & q & & & r & d  d q o o 6 r C , & b r & t , &  & 6  6  

I 1  I l l  1  I l l  I l l  I l l  I l l  I ( *  I I 8  

0 - 0 - 0 0  g 6  0" " 80' 8 z o 0 N Q  

?: 

rr 

2 

- 
,- = - 
- 
5 

00: ,o E ~ E  H 1 5  s 3̂  - 0 0 

J $ f  o o  $ 8 ?  o o o  o ? ? ? ?  o o o  o o o  ? 8 ?  0 0 0  ? $ ?  7 0 0  $ 0 0  P ?  ~ 2 % ~ ~  s 5 
I +  1  ( I  I + + I  + + I  I I I I I 1  I I I - i8O,<: j  7 0 0  7 0 0  o - 0 2  igo - 0 0  

+'*u ]boo 
=id 

$ + O  o  do f 8 0 "  3e ;Q ci 
.a + 0 0  3 f o o  0 0  3 0 0  < g 8 : $ g 0  w ? ? e  u ? ? ?  I ? ? ?  l o ? ?  B 1 

l 3 y 7 E 7 q O  ~ ~ ~ ~ P E 4 0 7 ~ 7 0 ~ E f O ~ ~ 7 ~ ~  j i: ?: 
g s  

~ 2 2  - 0 0 
e 'g.88 n I 

E F g q  0 0 .  
4 

2 0 
:c iq :oo  -- 

I l l  
cJ n, = G  - - ghl  ss: tq 

- S  3 $ 8  o o 0  - B E  0 f 0  6 
3 0 0 0 0 6  - 

1 9 9  I ? ? .  . ' 9 9 .  " 4 g .  . '.! * .  n o ? .  . . . Ed 
P9:l , I t  ~ ~ ~ d ~ 0 * 1  t i 9 7  1 2 7  I I ; O Q ~ T + + ,  

('1 0 - 0 - 0  N O  0 - 
- 7  .Dm 

d 

8 s  : i  8 = $  = $  8 3  o 0  
0 0 0 0  0 0  

0 0  $ 5  
c. + I  0 0 8 8  . - = Xz b o b  g z b  X Z L  o o i  6 d d  

d +  
- 1  

I I  f + l  I I l l  I l l  + + I  I l l  + + I  I I I 
O -  

- 0 0  ;-do - 0 -  
1 : - 

,S$<$? 1 - ? 
t + 3 8 3 ) a o  '%% +n." d88 d s 

r -  
I* 0 0 

0 I 
o g o 0 e ~ o 0 o 1 8 8 o : 8 8 e : 8 * H o  0 o  p d z  

g q $ ~ 0 + : ?  ~ ~ ~ ~ ~ E o ~ ~ ~ o ~ o E ~ o o E o o ~  o o 
I I , I  I I I + + I  I I I + + I  I I ' 2-  u 

8 l-i - I 

- 
3 ' 0 - N O - E J  0 - e l  0 - e l  0 - n ,  0 - E I  0 - n ,  

d r " m 
I I 

WI v B E  \* * * s 0 0 K ~ K  4-!5 f 7 . H  * C p u o 3 . g  

3 4 

. I  
3 

00; gg O 0  0 0  
O 0  o o 0 0  :-"+ o  o  g 8  

9 9  0 9 0  0 ? O F )  F ) ? ?  9 9 
0 0 
I + 7 ? 7  7 $ 7 7  0 0 7  + +  7 9 7  7 0 7  0 0 0  0 7 7 I l l  I 

-0 - 0 0  7 0 0  - '8; - I - -  1 0  8 : 32 o 0 + T W O  
l o &  3 : 8 8  0 0  0 3sgg 3 * z 0  ,'g % t $ t : a ~ ~  ? , ? ? ? , ? s , 1 9 ? 0 n ? ? ? r ? ? F  

g o o  I + E  $ $ $  Y E  0 0 - E  O O O ~ O O O E O O O E O ~ O  8  
+ I  + + I  I I I  ) + I  I 1 '  1 1 -  

5",g 0 0 0 

= r ~8 0 0  
"In " Isa 0 0," t80"088 o o  G O O  0 0 0  0 0 0  0 0 0  

n ?  a ? ?  I O 0  O 0  l o o  a ? ? .  I , q t s s d G  6  A ~ o A o o r  6 2 & 6 & s & ~ & s y 7 7 3  
1 1  1 1 1  ' 1 1 1  1 1 1  I l l  I I I 

s" 0" g W Y )  0 -  E g  0 ,  9:  z c  s 2 
0 0 g 0 -  0 0  g 2  8 5  0 0  "I 0 0 '  - 2 1 .  2;. Z?. ? ? .  . . . . 
I l l  I l l 1  I l l  1 1 1  7 2 1  I l l  I 1  I 

:g s ?  V) 0 'a 0 0 s  lorn 0 -  - " "  3s . c g  
r s  % $  g-4  g g  o 0  0 C S  0 8 8  d d d  y6 a & S  G6i, 18r 6 6 6  6  6  c 

I 1  I l l  I 1 1 8  1 1 1  I l l  1 1 1  I I 1 - 4  

%: z: 0 0  g g  g "6 0 -  8 8 

.j 

-- - 
U 

r 
€1 

- - 

= 
C 
I 
i 

s - I - 
,$ e l  
2 ~ '  I- - - 

9 
3 
3: 
S = 

5," 
s 
gs 
:! 
d8 
,.D 
67 
4 -  
=P 

56 

U 3 3 
93 
I1 Y 





3A Adj. 
Fig. 35 

psge 

No- 15 PARTY ( T~ayu lo~ icn  ) SEASON 1928-30 . 
Name of Series Chi ttago3 

b'olution of four GimuUanmu Epuatione for Detenninatk of el, 9, r,, q9 

C m x  
Bubatitution of mluer of q, h, e, and in the four Original Equationm. 





Fig. 36 
4 Adj. 3 a x b r e  o f  a n b f a  p w  

NO. I5 PARTY ( Yr;angulaf on ) SEASON 1028 -30. 

N ~ m e  of Seriem c \ )a9c ng 
Computation of Corteetio~u lo two other sides when the eor.~-eelion to bare w h o r n  





5 Adj. 

Fig. 37 
page 

NO. 15 PARTY ( Tr;ayulat;on ) SEASON 1028 - 3 0  . 
NalneofSeriee C ~ ; C C ~ ~ ~ ~ ~  

J 4 
Traverse line WAbu\o H.S. to ~ ~ ~ l e ~  H.S. (ls'halj), Lu3\e3 H.S. C Gilochha;~ H.S. 

ConValation of Correctionc to  Lat., Long. and Azimuth at end of a ray whose Length and Azimrtlb have been corrected bmdhb) 





Fig. 38 
6 Adj. S u r b e g  o f  f n b i r  psge 

No. 15 PARTY ( Trian3uIot;on ) SEASON 1028 -30. 

~ a m e o f s e r i e ~  Ch;).kagong 
Comphlion of Corrections to Azimdh and log side of a ray joining lwo poinlr whooe co-nrdinnles are rl&~hU?~ &red. 
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A full syilopsis is then preparecl on form 2 1  Trian. ancl forms 
20 and 21  Topo. are corrected. 

The positions of any intersected points of the series should he 
adjusted on 4 and .5 Adj. ill the same way as non-t,raverse stations. 
No form G Aclj. is necessary. 

86. lMiscellaneous computations.-8rrfallite .~/nt~ows.-  
The recluetion of obsei-vations t o  ailcl from a satellite statioil is ex- 
plained in the Handbook of Topography, Chapter 111. The necessary 
computations, illustrated bj. a clingrain, will he carriecl out in the 
field i11 the angle book (see para 63 ). Provided one satellite has 
bee11 coiisistently used, the ohservcicl angles, uncol-rected, will hc 
enterecl ill the abstract' form, where the general mrnn will be taken 
out ill the usual way, ni~rl thrrl the cori*ec.terl nl1~1e will 1 1 ~  c~nter~cl 
in red beneath it. 'This corrrctecl mean will be usetl ill all subsequelit 
c~oinputntio~is. (~xcept  for the i~nalysis of grncluatioil error and con)- 
putation of weiqhts. But if illore than one satclllite has heen usecl 
in the nleasuremeiit of any angle, or if some observations have been 
made diwct,  the satellite col~rrctione must he applied before nlaking 
the abstjract. 

When considering tlie number of clecinials required ill the 
satellite reduct,ioii, the computer niay be guidecl by the fact that  one 
foot subtends an angle of one second a t  a distance of 39 miles. 

F o ~ m  12 7'~itrn.-An intersected point may he observed frorn 
t'wo stations which arch not joiilrcl by n l i  ohserved ray. I n  orclei. to 
folein a tl.ia~igIt. for  t,llc coinptit:~tioii of suc*h an inttlrsected point, 
it is 1iecessni.j to coml,nttb t l ~ e  irlutunl rlistanctb ant1 aziinutlis of trlle 
tt\vo st'ations. This c:~n ht) doiit~ oil f o rn~  12 Triaii., tlitb data he i l~g  
their Iatit,utlcs ant1 longitudc~s. 'l1Ii(~ quantities R,'S,' etc. are ohtaine(1 
froin tht. Auxilii~ry Tal,lc~s, 4th etlition, ill tlie Explanation of which 
ari cxainplti is given. 

If thc. lnt,itudes illld lol~gituclcs nub olily givc.11 to  3 dcci~nnls of a 
se>c*ollrl, thc~ log sitlr ca:tnilot 1)o c~xl,c~ctotl to 1~ corl'ect to tli(b it11 
cl(~c.i~nal. 111 thti c:tstb of s l i o ~ ~ t ~  sitlvs. hr.:tv!- tliscrrl)al~cies l n n j  1)c )  

t b  q1t.c terl. 
f i ' o ~ w ,  I8 Trin)/ . --As a,]) altc~~-llativr~ to form I:! Trial]. it will 

soin~tiirlc~s 1)o possil~lc~ to nstb for111 18 Triiin.. 1\11 whic*h the i.equil.cvl 
l,a,se call 1 ) ( b  tl(~c1uc:otl if it forms part  of a trialiglo of  which the 
ot,llr>r two si(lcn nlicl thv il~clnclt~cl r71igle art3 kliow11. This fo1.m is 
shortch~. tli:~1i 1 :! T~.i;tlr., a11(1 sho~ild 1 )e ~ I S ( & C ~  ill ] ) l . (~ f~~re~ ic t~  to i t  whvn- 
cbvcni. l)ossihle. 

It ~nrist 1,1$ ~ . c ~ ~ i i c ~ l ~ ~ l ) ( ~ ~ ~ r ~ t l  t11:lt this fo~-m tloals wit11 tlirl allgl(bs of 
the oquiva1(~11 t 1)lntir~ trialigI(1, ill pl:i~~rh t rinnglt~ whose sidcls are equal 
to t ha t  of the. sphel-oidal tria~iglc. Coiisc.quent1y one tlhird of the 
spherical exccbss must htb r1r~rluc~tt.d f roin the spherical value of the 
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(riven included angle, and i t  must be added to the deduced values of n 
the other t.wo angles. 

If the known angle is small, and if i t  is only known to the 
nearest O'"O1 some inaccuracy may occur in the 7th 5gure of the 
deduced log side. 

As stated in para 14 a geodetic series should not ordinarily 
he hased on a side which has been computed in this way. Forms 1 2  
and 18 Trian. are conlputationally correct, a i d  if such it proceduiae 
is inevitable, they can be used. The objection is that  the distance 
between two disconnected points is naturally less precisely deter- 
mined than t'he distance bet'ween two points which form the siclc of 
a triangle. 

87. Precautions against errors in computations.- 
It should be unnecessary to  state tha t  accuracy in the colliputations 
is chssei~tial. All the care expended on a series, which may have cost 
O ~ C L  or two lakhs of rupees tlo ohserve, may be thrown away if a 
single computational error goes uncletecteil. The precautions against 
computational error take three forms:- 

( a )  Computation in duplicate. 
( b )  The provision of automatic checks in the computation. 
( c )  Final scrutiny. 

Cornputntion i n  dup1icnte.-This is not a complete check on accu- 
racy: there arc certain points ill any computation which entail 
.ipecial risk of error. and sooner or later both computrrs may inake 
the same mistake. An example of such a point is when a log cosine 
apl-wlars in a form among a number of log sines : both computeiBs 
may forget that  in a table of log cosi~les the differeilccls arc. negative 
between 0' ancl 90'. Wit,h skilled computers, acc*uetolnrcl to t'he 
form 011 which t'hey are workiilg and each making vvchi-y fcbw errors, 
duplicate cornputlation is a fair check, hut with ~ulski l l~cl  cornputerg 
whose mistakes involve frequent comparison i t  is a vclrr poor check 
intlc.t3cl. This is especially the casc when one cornputel. is much less 
~~killecl than t h ~  other: as a r ~ s u l t  of continually exl)ecting to 
tirld himself wrong, he may find an imagil1a1.y prror i n  his owl1 wolalc 
whet1 in fact he chances t,o be correct. 

The foregoing remarks must not he ulldcrstoocl to conrlo~le 
ii~acciiratt. compotktrions. Trainer1 computers, working in duplicate, 
are open to heavy censure if subsclquclnt scrutiny r~vea l s  cirror in 
their work. 

~ ~ n p a r i s o n  hetwr~lr original ant1 duplicate. shollld hc as ill- 
frequent as is compatible with the avoirla,nce of undue w a s t ~  of time 
on account of undetected errors. 

Awtnrllotic r h ~ r k ~ , - -  A much more reliable check is that  in which 
identical resulte have to be obtained by means of two completely 
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different pieces of arithmetic. Such a check is an almost certain 
proof of the correctness of all stages of the computatioll in which 
an error woulcl spoil the agreement, provicled the check is obtained 
without too much s e a r c h i ~ i ~  for rnistalies in the preceding work. 

9 If agreement is only obtained af ter  correcting a dozen errors, it, 
fails to  be c ~ r t n i l ~  proof of accuracy: i t  becomes conceivable tha t  
the agreement has come about hy chance. 

Checks of this nature are provided whenever pc)ssible, as for  
instance in the computat.ion of latitudes ancl longiiudes, which are 
entirely self-checkino- Self-checking computatioi~s shoulcl always 

b. ' 
be cloile in duplicate, 111 the same way as other computations. Not 
only is i t  an additional precaut.ion, bu t  i t  will often actually save 
time by keeping the computstio~ls correct a t  intermediate stapes : 
a computclr who fails t o  get  his checks right may spencl much molar. 
time ill fincling his errors than he spends in the or&in;~l computatioi~s. 

88. Scrutiny of compu ta t ions . -The  completed com- 
putat.iolls must be scr~t~ii i ised by a responsible officer, preferably 
the Officer in charge of the part.!', and in ally ca,se of ranlt not less 
than tha t  of the Upper Subordinate Service. -4s the result of hi* 
scrut'iny this officer must be ahlc to  say that  he kwotus t'he compu- 
t,ation to  coiitain no serious error, npa,rt altogether from liis confidence 
in the  skill of the computers. Tn this context a "serious error" 
cloes not include ail error of  a few tenths of a seco~id in azimutli, 
nor of a few units ill the it'h figure of n log side, nor does i t  
applv iu detail t,o the weigllting of the a ~ ~ g l e s ,  which is i l~evi tah l ,~  
very doubtfully accurate. 

The name of tlhe officein res1)onsible for the scruti~ly appears in 
the histor)- sheet ( s c ~  para 81 ). Unless i t  is otherwiscl m~nt~ioneil,  
i t  is ilnplicicl iiot on1 y that  lie vouches for the accuracy of the com- 
~ ~ u t n t i o ~ l s ,  1,nt also t.hat (where\ applica1,le) he has sl>ecifically 
carried out the) proc~clurc det,:~iled 1)elow. 

t l ~ , g l ~  1)ooli.---The scrutinising oficcir 11eclt1 not checlr the inealls 
ill t h ~  angltl 1,oolts : any crror 1a1-ge enough to ma,ke a sei-ious change 
in tlhe gc111c~ra,l 1n~a11 will stand out by reason of its cliscropancy from 
the other measurcbs. He should scle tha t  the angle books have been 
sig~lclcl l)y t,he ohserver ancl r~corder ,  nncl t,hat t'hey have been com- 
pared wit11 t . h ~  duplicak. Hr also should verify t h ~  reduction of 
satellit,c~ st,nt,ions. This vtx~.ification ~hou ld  not t,ake the form of 
chockillg t,hl.o~lgli t,hcb figures given, 1)ut should he doncb graphically 
( s h e  fig. I ! .  Thc stat,ion and it,s sat,ellit,e are clrawn t'o a suitable 
scaic. alicl t,llo ~.:tys ai-o shown a t  their correct azimuths, t,he rays to 
statio~ls and t , h ~ i ~ -  sat,ellites bcling !:of course assumed pal-allel. The 
p e r p e l ~ d i ~ u l ~ ~ ~  distalices BP, BQ, BR, BS are scaled off the diagram 
and art! roughly converted into angular correction by the rule :- 
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Angle = x cosec 1" seconds. 
Length of ray 

This check need only he carried out s~fficient~ly accurately to 
serve as a rough check. Time need not be spent in reconciling 
clif-Fcr~nces of a few tenths of a s~concl. Yarticular attention should 
he paid to the sign of the correction. 

The bubble correction to veimtical angles shoulcl be checked in a 
few cases, and also the sign ( elrvat,ion or clrpression ) of any vertical 
angles which are very nearly zero. It should be ~eri6ecl that des- 
criptions of stations are adequate. 

ilbstrctcta.-The copying of the abstract from the angle book 
nverl not he examined, but the form should he looked through and 
any exceptionally wide measures shoulcl he examinecl, both as regarcls 
their copving from the angle book aild as 1-egarcls their meaning in 
the angle book. One sinwle measure of each angle should in any 

? case be checked through trom the original ohscirvatione to eneure 
that the clegrees ancl minutes have been cor~.ectlv taken out. 

The zero means need not be fully rheckecl. i,ut a glailce a t  the 
indiviclual measures on each zero will servr to show that  the zero 
mean is correct within 1 or 2 seconds a t  most. Jf the mean looks 
wrong, it shoulcl be checked. Ally less eri-or will not have ally great 
effect on the general mean. 

The checking of the general mean calls for more carp. The 
number of zero means ( ~ r i a t e r  than the gene1~al mean should be *. 
c.ounter1: if it is t ,  .i or 6 in the case of 10 zeros (5 ,  6 or 7 with 1 2  
zclros) the mean may bc accept~d. If the distribution of largt) a id  
srnall values is less equal, the1 mean should be ch(~ckcr1. 

Anrr l ! j s i s  of' y r(rrl?crrtion ewo~..-As this is c , 1 1 1 ~  ~-cvquirc)il f (  )r t h ~  
computa.tion of weights, rigorous s c * r u t i ~ l ~  call largely bc dispenso(1 
with. A f6.w of t ' l l ~  entries in t,he classiticstion table (fig. 26) shoul(1 
be compared with the angle hook, tfo srhch that they are in their correct 
squares. Any isolatecl entries srpamtrrl fn,iil ihe majority of t l l ~  
otlhcbr ei~tries, should be looker1 at particularly carefully. Thr. ~1111- 
s c q u ~ n t  computation of the1 ~inootlletl gra tluatioil error should 
followed t'hrough in the caaw of one square in thcb sclcontl table) (f g. 
2.5) as far as drawing of the curve sllowi~ig the graduation clrrol,. 
This is to verify t'hat the1 caornputers have (ao~.rtlct ly undei.stoot1 the 
process. Any exceptionall y Iargcb graduat,io~~ c!rroiSs phonld h t )  vrbrifi~tl 
by finding the entries r~a~( ' ,nnihlr~ for them ill the (~lansificat~io~~ t:lhle. 

W~7~~ht~ . - - I f  t , h ~  systcbm;~ti(. grarluation ()1-1.(,1~ ha,? been f~urld 
to 1~ appreciable, thcb soru t i i~ is in~ oficcbr shoul(1 vctrifj that its 
applic~ttion rclsultfs in the correc~t,erl zero inpans in t h ~  5th colninll of 
form 7A Trian. being generally more uniform than the uncorrect~(1 
means in the 3rd column, as a chcnck on the corrections having been 
applied with the right sign. 
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' The oi11y further scrut'iily required is t,o exa~niile the zero ineaiis 
of ally angles whose weights have coine out. exceptioiially high or 
exceptionally low, and to  see that  t'he iiiconsistei~c~y of their zero 
ineaiis is in general accord wit,h the weight's cleduced. It should bc 
remembered tallat t,he reciprocal weight will vary roughly as t,he 
square of t,he range of the zero means. 

S'pl~erical excess.-The spherical excess shoulcl be checked by 
Table 1 Sur., t'he area of each triai~gle beii~g taken from a map on 
such a scale as $ inch = 1 mile. 

Grindi?~g.-The forms should be exainiiied to see that' the tests 
have prored. This effectually checks tlle ~vorking of the forms. 

CYon~pufcitio?l of' 10y sicfes.-It should be verified that tlle anglt~s 
usrcl for coinputatioil acltl up to 18O0, that all l)ossiblo triangles liavc 
beell set up, aiicl that  the coillinoil sicles have provecl withill 3 ill the 
last (7th) clecimal. This completely checlis the settiiig :.up aiitl coinpu- 
tatioii of all figures except simple triangles. 111 the case of a siii1plc* 
triangle the uopyiiig of the obsei-vecl angles froin the al~stract form 
s h 0 ~ 1 ~ 1  he checlied, a~l i l  the tlistrihutioil of tl.iailgular error shoultl 
be ~-oughly esainiiled to secb that the \vorst anglcs are wive11 the 'I 
largest corrc.ctions. I t  is ilot necessary to ~hec l i  the log sines etc., 
since their accuracy is l>rovecl 1)y the agrt~cilic~i~t of tlie t\vo tlecluctioiis 
in forin 1SA Triaii. 

I l h e  1 copying of tho log side of the first trialigle in each figure 
shoulcl lw vei~ilic~cl, for thert~ is 1 1 0  otllei- cliecli on lt .  

l ~ t  it UI / I ,S  (0111  /o~~!/ i t~/~l~~s.-Tl i(~ scrutiiiisi~~g othcei* should vi>rify 
that tho (le(Iu(-t ioi is are 1)roperl~- nia(lt3 ii i 1)aii.s (see pa1.a i s )  a11d 
that thr 1-clsnlts agree, and that  the t,wo a~i innt~hs at  st'atioll C1 differ 
11y the acceptrtl value of the spherical angle at  C. This completely 
~ht3cks the c*ompntation ailrl set t i l~g (111 of this fol'in, a11(1 also the 
coin],utatio~l of log sitlcs 011 forin 11 Trian. 

H~i!lh ts.-The heicrht of ever$ station is ohtainerl by angles h. 
observecl a t  110th ends of a8t least two rays. The mutual agreement 
of tzhclsc four rleterininatio~~s is a voorl check against gross t ~ r o r  in ". 
the coinp~t~at~ioii. The scrutiuisliig officer should check th~.ough 
a t  least two* coinputatioi~s (one ele~at~ioil  a11c1 one depressiol~) with 
special i.oferc~i1ct3 to the signs of the various sinall corrections. The 
coinputat,ions selectecl for check shoulcl be those which are most 
discordant. 

lnter,pcctcd poisat.s.--111 t;e~.sect,etl ljoii~t~s shoultl be exainii~ed ill 
the game wny as stations. 
--.. ~ ~- 

* i. C.  two in the ~cason's work. Not. two per station. 
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Sy~~oysis.-He should check the synopsis from forms 13 A and 
1 G  Trian. and also t,he cor~.ections to  the triallgulation pamphlet 
(forms 2 0  and 2 1 Topo.) He should verify tha t  action has bee11 
talrcn to obtai~l  the correct spellii~g of station names, and that  the 
history sheet and chart are properly prepared. 

111,  M, y and P.-He should verify the computat.ioli of nl and y 
b ~ -  the approximate forinulze :- 

*ss5 2 Al - 
1,) L - - - 0.72 x (Average tqriaiigular error), where 

7 4  3 ,n 

2 1 is the suin of  all the triangular errors without regard to 
sic11. ail(1 n is thcl number of triangles. 

Siniilarly 11 = 0 .72  x (Average triangular closure of height). 
Tht) rltll.ivation of M and P should be roughly checked. 
,4 rlj/rstrrcc')r f .--The adjustilleilt of the selected flank is conip- 

Ictr~ly cllrckc(l hy computing the adjusted latitude etc. of each 
statioi~ ill ttu.11 from the prPcecling station, and seeing that  the 
latitu(1cbs tltc. of the last station agree with the values to be accepted. 
The. scrutinising oEcer has only to see that  this has been clone, ailcl 
that the values to he accepted have heen correctly abstracted. The 
computation o f  the latit.udes and loilgitucles of the remaini~ig stations 
0 1 1  forms 4 ancl .i Aclj. is self-checking provided deductioi~s on form 
.i Acl j. are set up in pairs as clescriberl in para 85. H e  should verify 
that this has heen clone ailcl that the checks have provecl. Two or 
thretl cletluctiolis on form 6 Acl;j. should be checked by computation 
on forms 12 or 18 Triail. These forms will ilot give perfectly 
accordant results ( especially with short sides), but the check is 
~lsclful provicled the disagreement with 6 Aclj. is less than the 
uncertaintj- which circumstances indicate to he possible ill 12 or 
IS   trial^. (see para 86) .  The scrutinisiilg oficer shoulcl see that 
this has herit C ~ O I I P .  a11c1 that the discrepancies are not excessive. 

Th t~  tinal synopsis, a~lcl the correctio~is to forms 2 0  and 21, 
Topo. must he checked. 

LYote.-The scrutiny of each stage of the colnputations need 
]lot he postponed until all ~ornputat~ions are completed, hut i t  should 
follow some co~i~iderahle  time after each stage is complete. The 
cletection of an error should be an ext,remely rare occurrence for 
whinh the computers should he held hlainew&thv, and the scrutiny 
aha~lld t1heretore not take place until the compu~ers have clefinitely 
finished with t,hat stage of the computation ancl have a t  least 
proceeclecl from i t  to the tiext. If the scrut i~~ising oficer has 
himself heen advising ancl clirectiug the computers, the greater the 
postpriement the better, in order that  his mincl may hear inore freshly 
on the matter, ancl that  he may he the more likely to detect any error 
which may possibly have been committed uiider his own direction. 
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Any inist'akes fouild in scrutiny, shoulcl be recorded in t,he 
history sheet. 

89. Miscellaneous instructions for computers.- 
( n ) I11 geodetic triallg~lat~ioll all azimuths should be computed 

to t'wo clecimals of a second, locr sides t'o 7 decimals, aiicl lat,itudes ? ancl longit,ucles to  :3 cleciinals of a seconcl. 

( b )  I11 all Sui~vey of India forms the sign + indicates that the 
quailtity is positive. But the sign - does not definitely inclicate 
a negat'ive quantity: the coi-rect sign must be determined and 
t'he - inust be collvertecl to + where necessary. 

( c )  I n  all Survey of India forins latitude and longitude are 
referred t'o by ,,he &inbols X Rr 11 rrspectively. 111 Europe and 
America t'he more usual pract,ice now is 6' & h. This is an 
unfortunate source of confusioa, which i t  is hard to remedy. X & L 
are a t  present ret'ained in forms, but for publicat,ioil of  result,^ in 
Geodebic  report,^, Professional Papel-s, etc., 4 k h are recommencled. 

( d )  It is essential that coinputers shoulcl work i~eat~ly and 
form their figures carefully. W h e i ~  one figure of a seven-figure 
nuinl->er has to be correctecl the whole group of 3 or 4 figures 
in which the correct~ion occui-s should be st,ruck out, a i d  the 
correct figures should be entered above. To provide room for 
this possibility, figures should be written with a fine pen ailcl ehould 
not' occupy the whole height of the space provided. 

( e )  Consideratioil should be given to the order in which the 
lilies of a coir~putatioil form are filled up: i t  will not always be best 
tlo start a t  the top and to pi-oceecl uninteri.uptedly to the bottom. 
Whertl tlata have to be ab~t~racted fro111 oiie form t,o a~lot~her trhe 
whole of t'he data shoulcl he abstracted a t  once. Siinilal-ly if a 
1luin1,ei- of 105 sines are requii-~d it will be coilveilie~lt to look t'heln 
out ill approxi~nntely the older of the mag~~i tude  of t'he allgles 
collc(~l~lle~1. 

( , f )  (7oinput~~1~s slltr~ld adapt t,htbir hahits of coinpiltatio~l so as 
to s ~ c n r c ~  ocoi~omy of effort. For illsta~i~th, the Iookiiig 111) of a 
log sintl shoultl follow a c-lPtinite routrille. The actual routine 
fol lowt~cl will tlrprlrc-1 oir t,he al~ilit~y of the comput'er, since a veiby 
s k i l l ~ l  colnput,(bi. inilly Iir. able to cni.1-y 9 figures ill his head with 
contitltwcc~, whilo oth(b~-s can not. The following is an examp]! of a 
~ ) ~ s s i l ~ l c ~  ]'outill(' foi- Iool~iilg 1111 a log siue in Shortiaedr's tables. 
Lool< :it tho tl(bcr~.cv>s, inii lutc~~ nl~tl sc1collds of t'he a11gIe rt~quii'ecl: 

". 
cal-i.yiilg tl1t.111 111 tho 1 ,  fiwl tht. co~.rert page and columll in 
the tnl,l(.s: l)lace thr  C)rt.fi~~gri of thcb left hand below the fdur 
fig~11.0~ ~ * o l - i r ~ s l ~ o ~ ~ c - l i l ~  to the r ~ q ~ i i - r t l  seco~lcl, but do not read i t  : 
r~ac-l t h ~  i ~ r t t . ~ ~ . ~ l  ],art, of  tho log and the first t'hree decimals, glane- 
ing along t,hr column t.o see if a diamond intervenes, and record them 



011 t.he form. Then read the decimals of a second of the angle 
rpcluired, and look a t  the table of differences : mentally compute the 
sequirecl cliffel-ence, apply i t  to the four figures marked by the finger, 
and record. A pract,ised computer (with another computer working 
in duplicate with him) will not verify the log : by so cloing he will 
only waste time and develop careless habits. 

Similarly, effort may be saved by a convenient (and habitual) 
placing of the computation form, log-book ancl inkpot. Each 
computer must develop his own system, in consultatioil with a 
computer of greater experience : but the Officer in charge should 
enquire into the systems of his computers ancl rectify them if they 
are badly t'hought out. 
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APPENDIX I 

GRAZING RAYS 

If a ray of light passes through air in which the horizoiltal 
temperatare graclient a t  right angles to the directtion of the 

dT 
ray is , it can be shown that the resulting curvature of the ray is 

cl s 
P clT 

1,000 - - secoilds of arc per foot of ray, where P is the atmospheric 
T" ds 

pressure ill inches of mercury, T is the temperature in O F  measured - 
dT from the absolut'e zero, and - is measured in O F  per foot. 
ds 

Taking reasoilable values of P aacl T, viz. P= 28 inches and 
T=52iI0 ( 6 5  O F ) ,  we have:- 

1 dT Curvature = - - secoilds per foot. 
10 ds 

To take a concrete case, consider a ray which passes 3,000 feet 
horizoiltally and 1,000 feet vertically distant. f r o ~ n  a hill-side 
pal.allel to it. At rni(1day t , h ~  hill-side is probably 5' or 10' F (say - , )") hot'trr thail the ail* i t  the rag, so that the average gracliellt ill 
tht. horixo~ltal :3.000 feet b r t w ~ e ~ l  the lS:ty ant1 the hill will be S.jOpel. 
:;.000 foet. Thp gril(liclilt will of c o u r s ~  be highest close to the hill, 
hut it is l~ ) s s i l~ lo  that it may still IN) as MUCII as 1'F 1 3 ~ 1 '  1,000 feet' 

Ileal* the ray, so that 'lr' = 0.001. 
(1 s 

1 )  second^ The c~urvature o f  tllr ray is the11 - x -001 ( =  -- 
lo  1 0,000 

p w  foot, so that if the my grazes the hill-side for a distance of 
10,000 feet the total curvature of the ray will be I". If the graze 
is near one P I K ~  of the ray, t,his curvat,~lrb will take the form of all 
ahnost equal error ill the a i~gle  measured at  t,hat end : if i t  is ill tIhe 
middle, errors half as great will arise a t  either eild. 111 ally case the 
triangular error will 1)e affected by the whole amount of 1". 

The figure of lo F per 1,000 feet give11 for dT is pn)bnl~lg larger 
d s 

t'han will often be fouiicl at. such a, cligtallce from a hill, hut very 
much larger ararlirnts may he foulid withill a few feet. of heated 
rock. At 7 teet above ordi11ar.y gn~ulld a vertical a r a d i e ~ ~ t  of 250' F 
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per 1,000 feet has been recorded*, and a similar gradient could be 
expected 7 feet to  one side of a vertical rock. Under such circum- 
stances i t  would oilly be necessary for the graze to be 40 feet 1oi+g ill 
orcler to produce a curvature of 1 secoild. 

dT In  practice it will never be possible to estimate - a ~ i d  to apply 
ds 

ally correction, but the foregoing analysis does iilclicate some useful 
 point.^, which call be kept in mind. 

(I) That, a graze over a horizont,al hill-top is less serious 
t'hall a graze along tlhe side of a sloping hill. 

(2)  That a graze for a short distance, as over a sharp spur, 
is less serious than a long graze by the side of a hill which 
lies parallel t'o the ray for inally miles. 

(3) That if some observat~ions are made cluri~lg t'lie clay, - 

clT . 
and some during the night wlleil - - 1s likely to be of opposite 

cls 
sign, the sign of the error is likely to be reversed and partial 
cailcellatioil inay be expected. 

(4) A close graze is, of course, more serious t h a i ~  a dis ta~l t  
one. 

Both the coilcrete examples given are rxtrcliic~ cases oi' grazes, 
the first as regarcls length, aiid the srcolltl ;is regards clost.liess: a i d  

d 1' 
ill each case the value take11 lor - - has bet111 the greatest that may 

tls 
be feared rat her thaii the :Lvrimagth to btb c~sp~ctecl. Plvvidecl that 
care is talcen t,o avoid extreme condit io~~s,  it inay be coilcluclecl that 
the risk of really serious error is not great. 
- - - - - - - - - - 

* See Professional Paper No. 22, page 29. 
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USE OF HELIO W I T H  100-FOOT MAST 

To use the mirror as a heliograph, all that  is necessary is to 
direct the su11's rays 011 to  the upper mirrol- by meails of a second 
large inirror on the grou~icl, froin a poilit where the observer's 
station is visihle in the upper mirror. 

I n  the above figure the mast is shown in plan a t  0, and m m 
represeilt,s tlhe mirror a t  the mast-head. The problem is to  fiild a 
point on the ground, from which the observer's statiorl call be see11 
in the ~nirroi. m m. First, the position A on the ground, where 
one's own reflection can be seen in the upper mirror is found and 
marked wit'l.1 a peg. Usiilg a plane-t,able or compass, the line 0 B, 
t,owal.cls the obuervei., is then laic1 c-)ut,. Now, ill order to seucl light 
t'o the observt.1-, using the mirror in in, clearly t,he som-ce of light 
~nue t  be situatecl somewhere 011 t,he line 0 C, where t,he angle COA 
= t,he angle AOB. This line 0 C can easily be ~narkecl oil the 
~ rou i ld ,  and also a point foullcl on it,, from which the horizon is ,Y 

visible. From this posit.ion, or very near to it, the observer's station 
will be visible in m in. 

The procedure atlopted was for the observer to shine a power- 
ful helio in the direction of the mast,, at a pre-arranged time. The 
lamp-man at. the mast, having already found or been show11 the 
approximabe posit.ion from which he should see the ohser ver's 
station, soon picked up the  observe^.‘^ light (by t,he method just 
described). Having once seen it. there was no further difficult'y. 
He adjusted his ground helio a t  the same place, and kept the light 
of t,he sun focussed on the top mirror, as long as requirecl. 
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AZIMUTH ORSERVATIONS 

1. Object.-  Ast,ronoinic.al obsei~vat~ions for azimuth atprima,ry 
tlriangulat8ion statioils are required for two purposes, viz. :- 

( r t  ) To control the accuracy of the triangulation. As 
statecl on page 2 (foot note), this is only possible if the astro- 
nomical longitude is also observed. Stations at  which both 
these observations are made are kllowil as Laplace stations. 

( b )  To measure the cleviation of the vertical. If the 
triangulation is adequately controlled by Laplace stations, the 
discrepancy between the aziiliuth of a station as observed 
astroi lo~~~ical ly  and as hrought up by the triangulation is 
n measure of the east-and-west component of the deviation 
of the local vertical. A knowledo-e of the deviation is sometimes e 
necessary for the computation of the triangulat,ion itself (see 
para TI), and is always useful for scientific purposes. The 
t'orinula is :- 

Deviation = ( A  - G )  cot A *, 
where A = astronoiilical azimuth, 

G = geodetic azimuth, 
= latitude, 

aiitl westerly cleflectio~ls of the plumb-line 
al-c reckoned l~ositive. 

2. Frequency and Accuracy . -As  stated in para 5, 
Laplace statioiis sllould be l~rovided a t  intervals of about 200 to 
.iOU miles. The Iilcliai~ tri:tngulat8ioil is a t  pr+lseiit (1931) seriously 
cleticient, ill Laplace. stations. As regards accuracy, i t  is desirable 
that  a t  Laplace statioiis the ljrccision of the observed azimuth 
shoulcl l ~ e  about ~ q u a l  to t'hat of t'he orclinary angles of the triangu- 
lation: there is ol>viously litt,le ohject ill exceeding this accuracy, 
and littlc harm will i*esult if thc azimuth observatio~l is slightly 
wcakci-. A probable el-rol. of O"'4 is a suitable standard. 

For the c~rrect~ioii  of the nnglos of t,he triangulation i t  is only 
~iecessal-y t,o ohserve aziinut,h (and also lat'itude) a t  stat,iol~s where 

" (X 4hoilld not bv tnlzc~n direct from t h ~ x  conipntations or triangulation panlphlets 
nnlf.ss n(ljlirt~nc*nt has heen nlnd11 on T,apl~ce stat,ions. Srv Professional Paper No. 16. 
I I R ~ I :  1ti.i. A col.rf,c-tion 6 G  i q  nc.cessary to allow for the distribution of the closing 
error at  Laplace s t ~ t i o n s .  



the rays have exceptionally high elevations or depressions. It will 
he desirable if elevations exceed + 2' or - 2". For this purpose 
it sufices to  measure the deviatioil correct to  5". On accouilt of 
the f i~ctor  cot. ill the form~ila  for the cleviat.ion, the azimuth must 
he iiieasared with an accuracy greater than Sf', but a probable error 
of Of"7 will usually suffice. I n  low latitucles bhis accuracy will 
hardly hcl sufficient (near the equator the cleviatioii is indeterminate 
1,y this ~ o r t h o d ) ,  hut since the geodet,ic azimuth will generally be 
lb~l~lth to ail ~ r r o ~ .  of one or t'wo seconds, t8here is IittJe object in 
observiiig the astroi~oniical azimuth more carefully. I n  low latitudes, 
if a knowlc~dge of the east'-and-west deviation is essential, i t  must 
he ohtaiutd by longitude observatioi~s. 

For scitmtitic purposes i t  is desirable to measure the deviation 
corrrct to oiie or two seconds a t  as frequent intervals as possible. 
111 particulai. t'he i~ort~h-arid-south component (as  given by latitude 
ohservntiol~s 1 should if possible be measured a t  every station of one 
flank* of all ineridioilal series, ancl the east-ancl-west component 
at evtbry s tat io~i  of one flank of all longituclinal series. I n  oblique 
wries it is desirable to  ~neasure hoth components. Observations 
have not been inade with such frequency in the past', but in late 
years the ease of observat'ion has been so much increased that  there 
is little reason why i t  shoulcl not be done in future. 

It shoulcl be notecl that  frequent observations of rather a low 
stanclarcl of accuracy are more useful than infrequent observations 
of oreatel. accuracy. A probable error of one second is perfectly 

? 
sctt~sfactory (although Of"Fi might be preferred). South of latitude 
:WO, i t  will he clifficult to  obtain a p.e. of less than If' for east-and- 
~ ( 1 s t  deflections cleclucecl froin azimuth observations, ancl i t  will be 
I I ~ C P Y S ~ ~ - y  to  be content with such a y.e. as I h "  ( say O"'7 in t,he 
azimuth ohsel.vation ). South of latitude 20'. azimuth observations 
arch of clorll~tful value for t h i ~  purpose. 

3. Programme of obse rva t ion . - In  the past the Survey 
of Ir~tlia have measur~d nxi~nilth by t h ~  ohsei.vatio11 of circurn- 
polai. stars iltlnr ~ l o l ~ g a t i o i ~ .  This elitails a long ancl trying pro- 
yrammth, n i ~ d  t8hc rnet8hr,cl now nclopted is the observation of Polaris 
a t  any hour anglcl. Rough observations for time are of course 
also necessary. 

At n TJaplnce station t'he a,ngle lwtweell Polaris ancl the stat,ion 
at1ol)ted as referring mark shoulcl be measurcltl t h r w  timcs on F.L. 
ant1 three times on F. R. on chach of 10 zeros. A t  any other station 
it will usually 1x3 sufficient to observe one F.L. and one F.R. 011 

~ n c h  of 10 zeros. 
-. - - - - - - -- - - .  - - --- - .-. .- - .  - - 

+ i . ~ .  in a straight north and sonth l i n ~ .  If t h ~  series ia crooked, the best 
line nlay changtl from one fiank to another. 
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Time should be observed by a pair of east8-and-west stars before 
the azimuth obaerva.tion and a pair after (one F.L. and one F.R. on 
each), but if the observatiolls extend t,o a secoild day (as is desirable 
in the case of a Laplace station) one pair will suffice on the second 
night, provided the rate of the chronometer is already known to 
wit,hin 2 and 3 seconds a day. It should be notecl that, an error of 
1 b f  time results in an error of only 4" of arc when Polaris is a t  
transit, and a t  other times correspondingly less. 

When making. azimuth observatiolls all the usual precautions 
must be observed with reward to the direction of swing and avoidance 

9 
of over shooting, but i t  will be permissible t,o make only one inter- 
section of Polaris a t  each measure, instead of the usual two or 
three *. 

The routine of the observatioil is then as follows :- 

( 1 ) After preliminary rotation of the telescope intersect 
the R.M. and record its readings in the usual way. (According 
to t'he direction of swing the R.M. may of course come before 
or after Polaris). 

( 2 )  Intersect Polaris, being very careful not to  over 
shoot i t  beyond the range of t8he slow motion screw. 

( 3 )  When satisfied wit,h the intersection, start  the stop- 
watch. (Polaris moves t,oo slowly for i t  to be preferable to 
let i t  make the iiltersection by it,s own movement8). 

( 4 )  Read the east-ancl-west bubble. 

( 5 )  Stop the stop-watch on some conr~enieiit reading of 
tllcl chronomc.ter (e.g. 12" 38"' 35')), and read the time of inter- 
seclJon t'hus :- 12"-28"' 35' nlin,us 3Sq'7 ( 2 F . 7  being t,he stop- 
wat,cli 1.eadi11g ). 

( G ) Reacl the horizontal circle. 

It is ilnportailt to  note tha t  the i~eadings of the east-and-west 
bubble (oil the lower plate) while intersecting Polaris are essential. 
Thc inst,rumt~nt should be carefully levelled and the mean bubble 
corrt\ctioll kept s~na l l  to avoid error due to  doubt' in the valuc of 
one division. 

4. Computation.-Thc results are comput~ed on form 25 
Topo. (see fig. 40). 111 the case of observatioi~s a t  Laplace stations 
each ohs~rvnt io i~  must hc coinput~d se~ara te ly ,  but at. ot'her stations 
the mean F.1,. and F.R. ang1c.s may be computeri wit,h t'he mean 
times. 

-- - ---- - . - - - - - - - - -- -. - - - - .- . - 
* I n  the* cnse of a Wild throdolitr the s ~ c o n d s  of the "rcduced reading" will 

thus br obtained by simply doubling the nctunl reading. 



At  Laplace st,ations also, a small correctioil must be applied, 
which is due to all approximation in the forlnula on which the form 
is based (see Table 43 Geod. Aux. Tables, Par t  IV). 

Each deduction* must be corrected for the transverse bubble, 

the correction to the deduced azimuth being + (' (En- d tan h, 

where ?L is the number of bubble readings (E & w counting as one 
each), d is the value of one division of the level, and A is the 
latitude. The above formula supposes t.he bubble to be graduated 
outward from the centre. 

Time is computecl on form 15 Topo. One deductioil should be 
made for t,he mean of the F.L. ancl F.R. observations of each star. 

* I t  is of course possible t o  compute a mean correction to the whole programme 
at once Hilt unless the levelling has been kept very steady this will result in a 
disappointingly large range of variation on the different zeros. 
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LATITUDE OBSERVATIONS 

As stated in Appendix 111 i t  is desirable to observe the astro- 
nomical latitude a t  stations where the elevation or depression 
exceeds 2 O ,  and also a t  all statioils along one flank of a meridional 
series. The accuracy t'o be aimed a t  is a probable error of about 
one second. This can be obtained without difficulty by the observa- 
t.ion of two north and two sout'h circumpolar stars, Polaris out of 
meridian being used for one of the north st,ars. Four F.L. and 
four F.R. observations of each star will sufice, of which not more 
than three should be on the same side of the meridian. The level 
on the telescope must, of course, be recorded a t  each intersection. 

Time should be observed by east-and-west stars as in t3he case of 
azimuth. Little accuracy is required, but i t  is desirable to observe 
four stars, in ca,se of misidentification. 

Latitude is cornputled on form 13 Topo. as explained in Aux. 
Tables, Par t  111, Explanation to Table 24 Sur. One deduction 
should be made for each pair of F.L. & F.R., so t,hat 3 or 4 sepa- 
rate results will be given by each star, from which its accuracy can 
he judged. Latitude from Polaris is computed on form 14 Topo. 
separate deductions being made for each pair of F.L. & F.R. 
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