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fourteenth line from bottom, odd the words ' of 1 kg ' 
after the words ' lead weight '. . . 

nl(*t:ll ~.c,tls \ \ i l l )  roc.ltri( joint,s ( in a t>ubc ) . . nnpl~o1.1~ . . 3 
C:I~V:IS  1,:ly.s . . . . . . To 1)c tillrcl wit11 ra.rt,ll or .st,ones for 

st:i.l~ility of 1)nsts A, B nnd C . . 3 
'I'l:r 1 7 1 ~ ; n ~ l )  h011 i.: fol. usc in ccnterinp \ v l l o ~  n tl~c~odolitc is not avn,ilable, as uilder e 

l>rx:i,.on 1 ; ( : I .  c , : I . I . I . ~ ~ I ~ F [  0111 ,  ;\ d0111)Ie exlcnsioi~ tl.a\~c~.;.c. 





1. Thc Hunter Short B a ~ c  was desiglr~d to provide short bases for topographical 
purposes, but it has in the main been used in thc Survey of India to provicle gross checks on 
scale in topographical triang~~lation and for deriving the stal-ting base for exploratory triangu- 
lation or in limited areas wlicre an old base is not available. The baqe is provided by four 
measuring tapes. each (i6 fcet lolig, joined together and kept iinder a known tension. 

2. 'I'llcse tapes havc beell in tisc in the department for a number of years but it has 
ollly been found lately that there have been several uregnlnritics in the ~ncthod of their calibra- 
tion a a  weU as their use in the field. 

I"irstrly, they used to br. calibrated on a nlurnl base on which foot marks have been 
put by a bevellcd bar graclriated in tcrnls of a 10-foot bar I,. The length of this substandard 
bar I, in terms of our standard 10-foot bar A and consequently in terms of European standards 
was detcrniined in 1866 and 1007. Thr 1007 conlparisoi~s were not considered very reliable 
and with lapse of such n long interval (during which thwe bars have not been always treated 
with thc care they deserved ), the lenqth of bnr I, is not Ii~lown to any high order of accuracy. 
Our fundalnental 10-foot bar A is bent and has bccil discarded sinec tllc 1)eginning of this 
century and re~ l ly  .ql)eakiilg the prototype of the Indian foot docs not exist a t  all. 

'rhc Sta11d:ird of Length used in the Survey of Inclia now is the Iiitcrnntional metre 
of which 1vr posqes.: ~escrnl prototypes and onr only means of gctting lengths in feet is to 
apply conversion ratio to bases measured i11 metres. Test ~nensurements have revealed that 
the foot marks on the mural base established by means of the obsolete 10-foot I, bar are no6 
in consonance with our current metric standards. 

Some t,al)rs were measured OII the flat on the mural base and they mere also measured 
011 t,he 24-met,rc coinparator in catenary and then reduced to flat. There was a sgstematia 
diffrrence of 0.014 fcet between the two measures, which is very significant. 

Secondly, t.hc intention was that equip~ncnt should have its own tensioning 
weight depeiideilt on cross-sections of the wire in such :L way that the saine cat'ena.ry cborrec- 
t,ion mollld be al~plicable to all  tape^. This cat,eiiary correctioii was meant to bc of universal 
usa.ge and W:LR printed on t,he back of t,hc form iised for the reduction of observst,ions. For 
t,]le usunl length of t.hc base of 264 fect, weight of ~t ,cr l  tapcs has been found to rn~igo between 
30 oz. and 36 oz. and the catcl~ary tables wcre hascd on the condition that the lead weight 
supplied with cac:h equipmcal~t shorlld be equal to the mcight of 293.3 fcet of the tape. This 
condit,ion got over-looked in t.hc course of t,imc and an identaical 1ea.d wcight of 2 Ib. was supplied 
with each equipment ~~roducing a const,ant tension of 12 lb. The final reduced length of the 
bast? was thus wro11g 011 account of using i l l1  incorrect table. 

Finally, t,hc t,apes usccl to be st,nndardizcd under different conditions to those in which 
they nrrrc 11sec1 in the firld. 'I?hr.p \vcrc: laid on thc fla,t on the mural base under somewhat 
varyi~lg tciisiona, while in tho field tShey \rere nscd in a catena.ry. On an unsupported 4-chn.ill 
baac, t,ho con11)ined effect of error in t . 1 ~  ca,tenary correction and in the length due to wrong 
te~lsio~l can 1,r considcrn,blt-. 

- . .  ,. 
G - -  -7: . - I  - I - -  ..--- I.--- I.,..-.. ;..+..-a ,,am -d. One is, Page v ,  para 3, sub-para 2 .- 

11 illstead of 
second line, add the words ' of 1 kg ' after the word 
' weight '. euary under 

vight. The 
necessity of applying cat~c>ilary correct,ion is t,llus obviated. 

4. In view of the importa~lt fundnlnental changes described in para 3 a,bove, the 
inatructions cont.nined in t ' h i ~  pamphlct s~~perscdn n.11 previous orders on the subject. 

B. L. G W T E E ,  ~ I . A .  ( CANTAB. ), 
F.B.I.C.S., M.I.S. ( INDU ), 

Director, Qeodelic & Train.ing Ci~cle .  
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THE HUNTER SHORT BASE 

I .  Introduction.-This apparatus is useful ill times of war or under circul~tslallcee 
in uli icl~ triangulation cannot, be connected to a geodetic framework, or where topographic$ 
t<riangulation is carried a long way aithout any check on its sides. 

Huntcr short base is a t  prcscnt ( 1972 ) bchig used, wit11 antisfactmy resr~lts. in the 
department for ljroviding initial scale or closing side for purposes of topographienl triangula- I 

I t  will pro\-id(: a bast of suficient accuravg for transfrontier triangulatioi~, or triangula- 
tion with an expeditionary force or boilndary commipsion. It may also be used as n suhtense 
for traverse operations. 

I t s  advantages arc :- 
( 1 ) One observcr with the help of khaksis can set it up. 
( 2 ) I t  carries its own marlrs arid so saves labour and errors of tmiisfcr. 
( 3 ) Tt avoids the need for line c-learing, and is \vorkeble on sloping, undulating 

or brolrrn pround. 

z .  Cescription.-Tllc apparatus consists of a jointed steel t,ape made up of four sec- 
t,ions. with swivcl j~~nct ions  a t  20 metres intervals. t,he tota.1 length being 80 metres approxi- 
~na,tely. Each 20-met,re section is painted with a dist,iiictive colour ( red, white, blue or green ) 
for a lengt,h of' 20 clni nt eithcr end, and tlrc whole tape i~ rolled on a drum. Generally the 
whole lengtll of t.11~ tape mill be extendrd and supported, not only 011 the terminal posts A 
and B but a.1~0 011 the intermcdia,te posts P, & and R nt int,ervals of 20 metres ( see the general 
diagram at  end ). Occa~ionx may arise, however, when t,he ground ad111it.s of only two or 
three sections of the tape being used, or \vl~en the \rliole t,q)e has to be slung a.cBross a ravine 
\vit,li only tlie end supports. 

3. End Supports.-The ciid su11port~s A a11d B of t.lic &eel t,t~pc arc each made of 
three rectanglllar wooden posts, one foreleg about 25 mni thick nnd 1 metre long and two ot,l~ers 
a bit t,liinner nnd &out 16 cm shorter. made stn.ble wit,h a canvas bag filled up wit,h st,oiies 
or eart,li. Thcy are earl1 fitted wit.h a metal arm about 30 cm lorig with a horizontal rnetal 
pin on top for liolding t11c t,argets. These supports can be distinguished by the painting on 
their meta.1 arms. A being red n,nd R green. The two tripods are placed \vith their forelegs 
undor the t,a.pe. I t  is essent,ial tha.t the forelegs should he in t,he same vertical pla.ne as the  
t,ape, in order t,lrat tlie targets may nlso he in this plane. The foreleg ~ n u s t  be t,iirned ( after 
looxeniiig tho wing nut at, its u p p ~ r  end ) until its sides are ~e r t~ ica l .  

4. Post C.-Post C for ti~rget C is similnr in construct,iou to posts A and B, l)~it, llas 
a tli~nnci* Forelrg A I I ~  no inctill nlVln. It is not coloured. 

5. Intermediate Posts.-Each of thc intermediate p o ~ t s  I', &, or R, consists of two 
jointcd nooden rods similar in size to tlie smaller and thinner legs of A with a pin on top, 
which passes through a hole in the sm:cll oblong brnss dou1)le swivel between tlie junction 
links of'tlie tnpe. 

Page 1, para 6.- a size targets 

seventh line, add the words ' of 1 kg ' afler the word 
' weight '. 

N o .  I ,  Dater1 10-9-74. 

large targets 
and whitc. 

. Thc lower 
;et, B also has 
carrying the 
1e upper half 
*t its motion. 
' h a s  R slit in ... 

. . .  .. . . . .. . . . O . .  --, - .."-a. ... ...... .. .... ..- . .... -. .... . ..,.. .... ... tnc l i~d while 
t.11~ green rnd of  t . 1 ~  t,:1,11c is c,oni~c,c~tc~d to n si~nilni* lioolr wit.11 titrgcat. R .  
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THE HUNTER SHORT BASE 

r .  Introduction.-This apparatns is useful ill times of war or under circut~~stallces 
in wlliclr t.ri;mgulation cannot be connected to a geodet,ic framework. or where topogaphicd 
t,riangulation is carried a long way \vitl~out any check on it's sides. 

Huntrr short base is a t  present, ( 1972 ) Lcing used, with s n t i s f t ~ c t o ~ ~  ~.esults, in the 
depart,mrnt for ~~roviding init,ial scale or closing side for purpose6 of' topographical t.ria.ngula- 
tion. 

I 
It. \\rill pro\-id(: a Lasc of sufficient rtccl~racy for transfrontier triangulation, or t,riangda- 

ti011 with an expeditionary force o~ boundary cominission. It: may also be used n s  a suhtcnse 
for traverse operations. 

I t s  adra~ltagcs arc :-- 
( 1 ) Ono observcr wit.11 t.11~ help of l;l~a,lr~sis can set it up. 
( 2 ) I t  carries its own marks and so saves labour and errors of tmliuft:r. 
( 3 ) I t  avoids the need for line clearing. and is worka,ble on sloping, undulating 

or bro1ic.n pronnrl . 
2. Description.--Tlic apparatus consists of a jointed steel t,t~pe made up of four sec- 

t,ions, with swivel jnnctions at. 20 1 n e t . r ~ ~  intervals, the tota,l lengt,h being 80 met.res approxi- 
mately. Each 20-met,re section is paint,ed n~i t~h n distinctive colour ( red, white, blue or green ) 
for a. lengt,h of 20 cm a t  either end, and the whole t'ape is rolled on a drrun. Generally t,he 
whole length of the tape will be extended and supported, not only on the terminal posts A 
and B but also on t,he int,ermcdiate posts P, Q and R nt int,ervals of 20 met,res ( see the general 
diagram a t  end ) .  0cra.sions ]nay arise, however, when the gsound admit,s of only ttwo or 
three sections of the tapr being used. or when the whole t,a,pe has to be slung across a ravine 
\\,it,l~ only the cnd supports. 

3. End Supports.-'l'll(b end sul~ports A and I3 of t,he streel t,npc arc each rnade of 
three rectangnlnr wooden I ~ ~ s t j s ,  one foreleg about 25 nlm thick nnd 1 metre long and t \ ~ o  ot,llers 
n bit tliim~er and a.bout I 5  cnl shorter, made stablc u.it.11 a canvas bag filled up wit,h st,ones 
or eart,ll. Thcy a,re each fitted wit,ll a metnl arm about 30 cm long wit,ll a horizontal rnetal 
pin on top for holding tho targets. These supports can be distinguished by the painting on 
their metal arms. A being red a.nd H green. The two tripods are plnced with their forelegs 
under t>he t,a.pc. I t  is e~scnt,ial tha,t tho forelegs should be in t,he same vertical plane as t,he 
t,ape, in order t,hat the targets m y  also be in this plane. Tllr foreleg lnllst be t,urned ( after 
loosenir~g t,he ~ving nut at, its uppar end ) ulitil its sides a.re vert.ica1. 

4. Post C.-Post, C for t i ~ g e t  C is similnr in ronst,ruct,io~l to 1)o.rl.s A and R,  hut. 11as 
a t,hinner fore1c.p a.11c1 no ~neta l  asul. I t  is not coloured. 

5. Intermediate Posts.-Ea.ch of t,he iriterlnediate posts P, Q ,  or R consists of two 
jointed wooden rods similar in sizc to the smalle~. and tllinnc?r legs of A with a pin on top, 
which 11assc.s throug11 a holr in t,llc\ smnll oblong brass double swivel bet.ween the junction 
links of the t,ape. 

6.  Targets.-There arc five t,argcts snpplied with the base, viz. 2 mediuln size targets 
A,. l! ( n11o11l I 5  c.111 10 CIII ). I smilll t.i~rpet, 1 )  ( : I ~ ) O I I ~  5 cln s 2 . 5  cnl ) and 2 large targets 
A, ilnd C! ( nl)o111. :iO c.111 \( 20 cln ), matlr of' sl~c~(-t, t,in :lnd 1)ninted diiigollally black and white. 
l'nrget A ,  Ilns :I Ilinged long ilrln. 11:1vi11p l.llrcc. slots ( tectll ) : ~ t  t,he fttrtller elld. The lower 
1 1 ;  i l l  1 I I of 1 1  : I I I  I I I I I I I  t i  I .  Targrt, B also has 
II I~ i l i~ct l  ~ O I I ~  I I ~ ~ I ,  but  has 110 slot. It. 11ns :I ~ r n : l l l  I I O ~ ( *  111 t,llc f:rrt,llest, elld for carrying the 

'lPlcx 1o\rvrr llnlf of the hingc~l asnl call 11e l,rougI11 in t,hc> y m ~  line as t,lle upper half 
I ~ n t  cnnllot 1~ movetl 1)cyond t,hat I~osit,ion llecallso of n catch provided to rest,rict its motion. 
A, has n slit rntlning across its csc.ntrcb ( of about the Icngt,h of target ;I, ) \vhilo C has R, slit. in 
onc hn.lf OF it ollly. Target A, II:IS n hook t,o ~rhivll t.11~- red end of the trll~c is attacllp(l while 
t , l~c green m d  of t.l~cl t:~l>n is c.onnc~c.tc~tI t,o a similur hoolr n.it,h tare(+ H. 



e 'I'HE Hml'ER SHORT B.4SE 

7. Setting up the base.-The setting 1111 of the base uncl the Ll~e of the tiirgcts ilre 
morc fully expliih~ed ill the i~lstrurt~ions 1111icll fbllow. which are primnril~ concerned I\ ith 
the case when t.he tapr is ill foilr sertiolls. c ~ ~ p p o l . t ~ d  nt cbnc11 20-metre length ( scr the ge~leral 
diagram :kt end ). 

8. Setting up post A. -Ti~kc the tripod u ilo.c. ~~iet.nl :lrm is coloured red iund spread 
it so that  its foreleg is towards the proposed I;ij.-nnt of the I~ase. i.c towards B. Fill t h e  
canvas bag n itJi stones or earth to make it stable. 'I'nrpct A, is then takcn out, the inclined 
elit is slid on tlir horizontal pin on tlie top of the met,il I L ~ I I I  ant1 the hinpcd arm is moved t o  
engnre .roe of tlie slots wit11 the wing r111t on one sidc of tllc. fort,leg. 

9. Setting up post B.-'rnlte thr t.ripod whose 111ela1 arnl is roloul~rrl grcpn and 
s])r(~ad it qo thnt its forcleg is tonards A. Fill the bag \\it11 part11 or stones to make it stable. 

10. Setting up medium size targets A, and B.-l'ti.~.get A, fixes on to thc metal arm 
of p ~ t  A by menus of nl i  inclinetl slit and the lii~lgcd long a m  wit,11 slot,s. 'L'he lol~ger itsis of 
the target, should bc niade vertical 1,. mgaging t.he correct .slot nit,Il the I~olt  on the side of 
taht foreleg. a finer ndjust.n~ent I~eing possible by loosening the two wing 111~ts on this leg and 
sliding the nlctal arm. Unless t,l~is axis is vertical. centc~iilg over t,he slots a t  t.he top of the  
te,rget will surer i l l  accuracy. Ccnteril~g slio!lld l~ot, be tlonc wit11 large target, A, in l~osition. 

'rnrget B is tised on to tlle ~netal  arln of post B by Illcall:,  of;^ slit. A weight hooks on t o  
its long arm in order to a1)ldy the lwopcr tension lo the tape \\.II('II 11:lnging in catenary. 'I'his 
tension ( about G kg for a tape of' 1.30  sq lnrn cross-section ) is equal to that  given to the tapc 
AB in cntennry a t  tinic of stwdardizntion a t  Dehra Dun. In  order to  apply this tension ror- 
rectly, \\hen hanging in cbatenary. t8hr long arm ( lever :lml ) of target R is madc roughly hori- 
zontal by sliding the metal arm on the post 1113 or do\r71 and cla~nping it in position Tf thc Icarer 
arm is considerably inclined to the horizontal, 11s~ the plnmb-bob to help cel~tering, mld 
disregard the slot in the top edge of the target. Adjust the i ~ ~ l p l r  of the, Iwer arm by loosening 
the wing nuts on thc foreleg nlld sliding the arm. 

Kcst. the wcl ~ n d  of the tnpr is attached to t l ~ c  Ilool< O I I  tarpel A,  ,uitl the whole tape 
ie unreeletl from its drum in the required direction. holding tlie tapr drum by the leather 
strap, so that tthc tapc 11nwinds freely nithont kinltinp. Now clip B tai8set on to tlie green 
end of tlie tape and hook theweight a t  the far tbnd of thv Irver. \vl~irh sllolllrl point c~\r~a,vfro~~i A. 

11. Adjusting Tension.-Correct tension on AB uill Ile apl~lietl 1vl1c11 the lever arm 
of the target B is horizonti~l. I t s  final adjustment is ril:lrle bj  c-lall~ping the mel;~l arnl nt. 
the correct height, after the intermediate supports have been set up ( see para 1 2  brlow ). 
Great acciwncy is I I I I I I C ~ C ~ S ~ P ~ .  It is silffici~rit if thr  levcr looks r~l~proxitnately horizontal. 

12. Se t t~ng  up Intermediate Posts P ,  Q & R.--Now. if tho ground ~ ~ e r m i t s ,  sc,t up 
the iliterrnedi:~tc- su1)lrort.; I)c-twc\c~n thc. scrtion.s of thc t;tpc, ( cr (b 1xwii .5 ) 'I'l~ese s l lo~~ ld  be 
alignetl 11g csj-r on An.  - 

I 3. Settlng up target D.-Tlte s1n:tll 1,rrgc.t I ) .  ~r hich is i~~tcbntlcrl for. o l )scr r i~~g tho 
slope of thc sections of thr. tnpc, can bc placed in t,unl on internlediatc. posts P, CJ, It or on 
A and P,. I t  is wt 1111 on 0110 or more of the three ~nc ta l  rod, ~~rovirlcd for the ~ ~ u r p o w ,  wl~icll 
fit on0 into the other. The lmse of the rod carrying thc t,trpc>t must he put on the t o p a t  
the end p o a t ~  A k E' an(l a t  tho intel l~lrdin t e supports P, Q 8 H . the rod being held vcrtiral 
by hand. I t  must not be put  on the pins as thew arc only intcnclccl to Iioltl thc t;rpc~. The 
height of the tnrget itself is sct by rllcnns of a tthumh srrew a t  such a, point of the lnctal rod 
that, when placed on post A, it is at, the same hright nbovtl the tape as the axis of the tclcscope. 

14. Setting up big targets A, and C.-The two I~ig  tnrgct.r A, nnd C nre used whrn 
carrying out base extmuion. 

Target A, fixeo on to target A, by means of thc slit ncrona its centrc and the two 
notches, one on top of target A, and the o t l~er  in tho ~nctnllic 11iecc fixed to the first half of 
the  arm. 

Target C faatens on to post C by meana of n holt on t l ~ c  top of thc, post. Ccntre 
over the  bolt before putting on the latter. If  i t  is to bc observetl from one sidc only, use the 
upper end of tho slit ; if fro111 bot4h sides, use the lower end so that  the tnrget can be observed 
clear of the stand ; in dhis cnso see t h ~ t  the 2 1n.toral leg8 of the stand nre in vertical plane. 
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In t,he fiyure: C 4  may be ~I , I~J -  distalire from 400 to 1,000 metres roughly a t  right angles 
to AB, and DA fiam I - 6  to 10 km according to t,l~e length of CA, nearly in the sanic line au 
BA. Grazing r t~ys ( i.e. ra>.s passing within 6 nletres in 11t:ight abovc intcrvC~li!ig pound ) 
shonld be avoided in the rnsc oi' CD and 81) .  If t,he ground ad~~lit ,s ,  the l>oinL C mily be 
cho.wn on nn elev~rtion so that tile I - I I ~ R  CA. CR ilrti well above the intc:rveniug ground. 

Xest, wit.11 tjhe theodolite still at il, ~llcns~lrc t,hc :ingle B.SC: kecpiqq tho large target 
at, C facing to~vnrds A. 4 s  this angle will be nearly a. right, a.ngle a beacon or flag a t  C may 
alternativcbly serve t,he purposc. Again, if t,he site for stat,ion D hn.s been sclected mid marked 
with t~ beacon, the :~ngle CAD will nlso hr observcd. If' not, the nngle ACD may be mensnred 
sribreql~rntly instentl of t.he ~ n g l c  CAD. 

Sou rnow t.l~c, t,hcodolite from A to C! and obgerve tthe ;~ngle CL with targrts a t  A and B 
by thc  neth hod of rttpetition ( see para 19 ). 

Sinlilarly, the small angle ,9 nt D is observed by repetition with {.he ti~rgets a t  A and C. 
But if tllc targets are not visible, helios may be put nt A and C ; or bcacons may hnvc to 
eeme this pr~rposc-, althongh they are likely to int~,odnrc> some reduction in precision, due to 
c e n k r i ~ ~ g  tliflicultic~s. 

The exten.iio11 being from a s11oi-t base. the angles a :und ,9 will be between 5" and 12". 
The smallel. the ~nglcs  tlie more lneasnres are made by repetition in the manner dcscrihrd in 
para 19. the rule being to lneaRure round the limb 180". The rest of the angles of the figure 
are of mir~or importance nnd normally only two measures are made of the anglcs DAC and 
CAB. Thc angles DCA and ARC' are not generally observed. If three angles of a triangle 
are observed ( nhic.l~ is quite unnerrssary ) no share of the t,rinngulnr error8 muqt be di<t,ributed 
to the small nnples a nnd-/3. 

I 9. Method of measuring small angles by repetitio11.-[t is necessa.ry to measure 
t,he s~nnll angles \vit,h higher accuracy than is nsua,l with t,he ordinary angles of trianguln,t,ion. 
This is done by ~nenuuring them by repetit,ion round the wholr circle thus cli~ninating gradud- 
tion error, and without reading the limb a t  each intersection. By t,his met,hod the error 
ehould not, excccd 1 in 20.000 for the sides DC or DA, even mit,li a vernier tshcodolite, provided 
i t  has t,\vo good clamps, n fine vertical wire, a rigid stand, and a freely moving axis. The 
horizontal collimation and the levelling of the tranuit axis of t.l~e t.hendnIit(e s l~o~l ld  be corrcct 
to about half a min~ltr. The actual procedure is as follows :- 

( n  ) ITnclalnl~ the uppcr plate of the theodolite, sct it to 0" approximately and 
ctlnm11 it tigain. 

( h ) Unclnnil~ thc lo\vtlr platc ~ n d  intcbrwect thr left-llnnd target, A with the lowor 
t:~npt,at sere\\ U~~rlnrnp thc upper platc rind rotatc t l ~ c  theodolite several times to 
trilte up back-lash. r~r lnmp the upper plate, intersect with tlie upper tnngcnt screw 
and rend the limb. 

( c ) Urlc.lamp the upper plate, point a t  t:u.aet R ,  clainl, and intersect with t,llc 
I I ~ ~ I C I  tangrnt screw. Read the limb and tnkc out this first rne,w111.e of the sl~btendcd 
21nple. whir11 \sill be a check against grous errors later. I t  is not essential to rcacl tho 
limb again until the whole series of intersections has becn conlpletcd. hut a5  ;I g11srd 
against blunder it is wise to record readings after every fifth repetition. 

( d ) Unclnnil) the lower plate, swing right round the circle ( nearly 360" ) on to A 
( inntcad of swinging backwnrds ) clamp and intersect with thc lower tangent screw. 

( r ) Rcpent ( c ) and ( (1 ) a uufficient numbcr of times, so that finishing on B the 
reading of t8he limb iu  about 180". Subtract the mean of the first reading taken as in 
( b  ) from the mean of this flnnl reading. and divide tho resnlt by the numbrr of 
nleasures mnde ; thin gives the final value of the nubtended anglc, which should be 
rherkrd against t,he first measure found by ( c ), leet thr numbrr of repetitions has bcen 
wrongly counted, or a gro~o error made in reading. 

This met,l~od of repetition does not apply to the Wild typc theodolites which have no 
lower plate clamps. Wit,h R I I C ~   instrument,^ each angle mii~t, hr  ohserved separately nnd the 
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telescope s~vuag roulid on t,o tlub left-hslltl target for the next zero. TJle zc,ros nl~ould be spaced 
uniforlnly  sound the circle roughly a t  O', CL", 2a", 3a0, etc. iintil 180" of thr liinb i~ tmvcrnod. 
The mean of a11 these angles is the final subtended anglo. 

Tn i~ll  cases the theodolite telescope should be sn7ung in oue direction only until the 
wholc operation of repct.ition is coml~leted. 111 using the slow niotion screw the final movement 
whcn iiltcl.sect,in~ t.hc tal.getf sliould be agail~st the spring. I 

Fig. (b) 

Fig. ( a ) 

Fig. (c) 

20. Purther extrnslon. - U I I ~ I > I .  cert:~ill (~irv~~~nst~allces, the base ca~li be further 
extended hy thrce triallglcs :IS in Ihc above figl~re ( a ). The s~nall  angles a, B & y ere 
0bservc.d according Lo the ~nctliod of repetition ( 1,ara 19 ) the normal nmnber of observntions 
being made of tllc angles EDC, DAC and CL4R. If this is done the angles a, P RG y need not be 
so slllall, and tho l~rrcision will 11c greater. 0 t h  variations of the lay-out and extensions 
aro readily imagined. Two exnmplrs OF rlonblc cxtcnsion on both sides arc given in figures 
( b ) &  ( c ) .  

21. Colnputation of the base. Table A. -Th~s table slipplied with e n d l  base, gives 

I 
the cc~libration certificate for the horizontal 1ellgth.q of the vni.ious sections, with or without 
inhrnlediat,e supportu, betwcru ca1ibratt.d innrks whrn ltnnging in mknnry undcr a t  rnsion 
of 6 kg as determined ngninst 20-~nct~rc comparator. The three j~i~ict,io~i and the two end 
links should be mea~ured in the field wllilc tho bnse is ~l)rc,ad out and nddcd to tllc total lengtlls 
of thr  vnriolis sectional lengths It is important to 11olr that t,hc mcnsnrminlt of the 
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end links 011 either side should be ti0111 thr  sentrc of tlir 1)~111c.lr to the calibration mark on 
the tnpc end. When the f111l base is not laid out, tnlre the ~ I ~ ) ~ I I C J ] > I . ~ ~ L ~ C  vah~es  of' thc sections 
used. As f l ip  calibraisd lengths arc detcrminrd fix thc ~ R I ) C S  while hanpinn in catrnary, 
no cntt,nnry correc,tions n1.e necdrd to tlw firlcl ol~servntions. 

22. Table B.-Tlus tnble contains c.ol.rt~ctions to the n l ~ o l e  or pnrt bnsc length for 
vnrintion of tcmpcr~~turo,  tlls tape being stnndnrdized ill 30-C' ( srs l'itbl(~ A ). 

23. Table C.-'lllis table contnins t l ~ c  Sormulz for t.he corrcc:tio~l factor for slope 
f ro~n  nhirll slope ro~~cc t ions  can Ilr tnkerr out, and a tnhlc of' con.ertiol~ for slope for onu 
sect.ion. 

24. Table D.-This table contuins the c.c~rrec.tion to tlre Lase for liright above mean 
sen -1rvel. 

25. Reduced length of base.-Thus tlre reduced lengtlr L. of t,hr base is :- 

I, its length in the catenary ( fiorn Table A ) $ temperature corrc~t~ion, Ct ( from Table 
B ) + slope correctmion 6 ( from Table C ) + ron.ec.tion H. correction t,o nlran sen-lcvel ( from 
Tnble 1) ), i.e. 

L T  1 * C t + S f H .  
Mach 

Forla 15 Lnm;y 011 which this colnputation cnlr be done is 011 page 11. The scale 
factor or log scale factor on this form is only required if the base is bdng uscd for computntions 
directly in terms of the Lambert Grid. 
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TABLE R 
C'o~.rrctio~r.s for Tr~nprr.rrlrrr.r ( ('rrr/iyr.crde ) 

No/@.-The f c ~ r m ~ i l a  for thr t ~ % ~ ~ ~ p c m t u r r  rr~rr~.ction Ft~r t h r  80- 
nletrc bsso length ig +0,00O!)l'i ( t :lo) where L is i.l~ctcnrpcreture in  
c t~~r t ig rn t l r .  the tnpr bring ntnudnr~li.~.vcl at RO'( '  :b11<1 t h ~  voefir,ic.nl 01 
r x ~ ~ ~ n s i o n  nf 0trrl Iwi11g taken a? 0. l ~ l ~ l l l ~ l  l4 l i l  1 ~ t . 1 ,  ,ln,gvt~, ('. 

I 
211-m 40-IU 60-m ! 80-m 
ltihsr bhsr . hbsc bsec 

T7rrltre oJ S ,  thr corrrc.fio,i , f i r  slopr 

il 
a - 
E 
% 

.F 
9 

The follou-ing arc the possible cases :- 

1 .  with all ilitrrr~~editste s~tpporls. 
IVJICII the fill1 base is I I R P C ~  2 wit11 solne intermedint(- snpports. 

:j. n.itl~out any intermediate .q i~ppr t  

----- ! _ _  -_ 
0 -O~OOti!l -0,Ul:;S I U. 0201i I - - 0 . 0 2 i j  

I 
- ' -(l.O(l;,i - l l . l l l ~ 5  . 0.11172 , - O.O22!1 

1 
10 0 - l l l l l l i  , I l l I ! l  ! 11.01::S - 0~018:l 

I 
1 3 :  -LI.OO:i4 - l ~ ~ l l O l i ! l  -ll~(llO:{ - l),Ol:lS 

i 
211 ! - 11. 002:; l l . l l l l 4 l i  l . l l l i ! l  , - V.00!1:! 

I I 
5 - - 1  , I , I I I : I . I  - I , . I IuUi  

I 
30 Sil i Sil I Xil 

I 
31 ; +0(1011 1 : +1)111l:1, : - + t ~ ~ ~ l i  

I I 
40 +O,OU%l ( l ~ I l l J 4 l i  ' 4 l l~0 l l l i ! l  ' +O.OU!l:! 

1 .  i 
4; l +o.owar +U.UIII;!, ; V . I I I I I : <  I +-V.UI:IS 

! 
50 +0.004fi , +O.llO92 , +ll.lll:lS +O.OlN:l 

-1.. n it11 all intermediate supl)orts. 
\ \ ' l ~ t > ~ r  part base i3 used 5 ni t  I1 solnc. i~itcrnicdiate sul~l~or ts .  

(i. \\ itliout an? illtcrmedintr s ~ ~ ~ ) p o r t .  

Tl~ese six cases   re dealt wit11 ncltnratrly below. But it, is rccotr~rnendrd tlltlt with 
both the \vhole and part. base, either all or no int~rmetlinte sripports should, if po~sible, be 
used, in ordtbr to si~lll>lifx computation of the slollc corrertion. 

Crr.re 1.-General vase 11 hen the full Ic11gtl1 ( 80-111t~trr) 11:1qe IS 11~c.d. with a11 illterinediato 
euyporte. 

If 91op of A]';== a,) 
AQ1- a ,  obtnine(t by theodolite readings fro111 A to a target at, comcb 
AR =-- a,  height nhove the t r~pr  ( see para 13 ). 
AB =- a, 

AP = 

J' 
;lnd sl011e of each sertiorl 

p6) - B, 
QR Br 
R R  =/3, 
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p, - aI 
B2 - 2a2 -a1 for slollos riot, greater then 6" or I in 10. pa --- 3a3- 2a, , 

For  large^, slopc.~ up to 20". /3, and B4 must be determined more rigorously from the 
following equations :- 

sin ( f i ,  - a, ) -= sin ( ag - P1 ) + sin ( a, - 8, ) 
=- 2 sill ( clg - a $ )  cos ( a2 - a, ). 

sin ( pa -- a4 ) - sin ( a4 - ) + sin ( a, - ,B, ) + sin ( a, - f?, ). 

For sloprs niore than 2 O C ,  see para 18. 

Having obtained the values /Il, /?,, 19, and p, the correction factor S is 

& ( cos p1 + W8 f l2 -t cos f13 + cos p1 ), and the oorrect,ion for slope -- - ( 1 - S ) I ,  wllore I is 
the length of the base. 

Expressed logarithmically, it may be taken as 

log s - - 4 ( log cos p, + log cos fl, + log cos p, + log cos p, ). 
1 

6-figure logarithms will be ~l~fficient ~ d e s s  an accuracy of - 20000 is desired in which oam this 

correction must be taken to 6 decimal places. 

Case 2.-Enkr the slope angle in two or more appropliate places and u.se the followu~g 
n.ngles in the compiitations as though actually observed. 

T h u ~  :- ( i ) When ol~ly support P is omitted, a, = u,. 

( ii ) When supports P 8: & are omitted, a, = a, == a,,. 

( iii ) \men  only support Q is omitted, a, = 
3% + a, 

4 

"a4 + a,- 
( iv  ) I n e n  only srlpport R is omitted, a, = 3 

( v ) When supports & & R are omitted, a, = 
2 a 4 f U , .  9u4 -- I- a, 

3 ' " 3 -  0 - *  

( vi ) When suppol-ts P & It arc omitted, a, = ( L ,  ; (4, -: 
2% + at . 

3 

C'nse 3.-When all intermediate supports are omitted, the slopr f:tctor fcrr base of any 
lengbll ( 20, 40, (in 01- 80 metres i s  cosinr of tlir obsrrved s l o p  angle. 

Cnsr 1.- - Sanrcb 11.;  C1:trrt I . aonie nilgles being omilted. T1i11.q with 60-metre b a e ,  fill u p  
R]OE)VY for AP, AQ :untl AIt ( taliirlg place of'A'6 \~liicll is left, blank ). 

For (i0-1nct.rc: bnse, log ylopr fitctor 
= 4 ( log COR /Il + lop. COq P2 f log COY Py ). 

For 40-motro base, t h i ~  factor 
( log ros PI + log ms p, ). 

Cme 5.--8anl(3 nu Cnsr 2, so~ut. nppropriato i111gles being ornitt~rd. 

Cage 6.--Sanlc (IS Cnsc 3. 

Tht. C3fihOllti~1 point i~ t,h:tt C'ILC~L mction requirm to be multiplied by oosine of the s l o p  
of the line joining its two ends. Tho 106 slope faotor of the whole baae is the mean of log 
~ i n c n  of the ~ l o p r  of rnrh sectio~l, nny section of more than one chain being d d y  weigllM 
when taking thv mclln 
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Correction in n ~ f r c s  ,for slope for one section ( ul!unys - ue ) 

TABLE D 

Correction for height above mean sea-level ( always - ve ) 

tion En. lion bLin. tion Min. tion Min. tion Min. tion 

27 

34 
88 

47 
61 
M 

68 
81 
03 

80 
80 
71 

74 
56 
78 

40-motre 
base 

0 ~ 0 0 0 0  

-0.0019 

-0.0038 

-0.0057 

-0~0078  

-0.0004 

-0~0113  

-0.0132 

-0~0151  

-0.01iO 

-0.0188 

-0.0207 

0 

300 

GOO 

900 

1.200 

1,500 

1,800 

2,100 

2,400 

2,700 

3,000 

3,300 

60-metrc 
base 

0 ~ 0 0 0 0  

-0.0028 

-0.0057 

-o.oono 

-0.0113 

'0.0141 

-0.0170 

-0.019R 

-0.0228 

-0.0264 

-0.0283 

--0.0911 
I 

0.0006 

o.0010 
0.0013 
0.0016 

0-00x9 
o 0022 
o uo25 

0.0023 
0.0oj1 
0,0034 

0 . ~ 3 7  
o.oo.lo 
0,0043 

0.0046 ' 
oeoqg 
0.0051 

20.motre 
bme 

0 ~ 0 0 0 0  

-0~0000  

-0.0019 

-0,0028 

-0.0038 

-0.0047 

-0.0057 

-0.0000 

-0,0075 

-0.0086 

-0.0084 

-0~0104 

~ - 

h I 
Note.-Tho corrcctiou is - --. whcm h-=hoigllt of gro11n11 in R 

metrw. R = mean radiua of tho oort,h = 8,371,200 metre* and I := 
tho length of the bam. ( An error of 100 rnot,ros io t h o  nstimnt.ion of 

1 
L1.S.L. height given nn orrnr of (13.70"). 

84 

80 
88 
90 

02 
04 
06 

08 
100 
102 

1M 
106 
108 

110 
112 
114 

0.0060 

0.0063 
0.0066 
0.0069 

0.0072 
0.0075 
0.0078 

0.0081 
0,0085 
0 . ~ 8 8  

0 . ~ 9 2  
0.0095 
0 . q g  

0.010~ 
0.0106 
0.0110 

120 

122 
124 
126 

128 
130 
132 

134 
136 
138 

140 
142 
144 

146 
148 
1150 

0.0122 

0.0126 
o.orjo 
0.0134 

o.orjg 
0,0143 
0.0147 

0.0152 
0.0156 
o.o161 

0.0166 
0.0171 
0.0175 

0~0160 
0.0185 
0.0Igo 

150 

I t 8  
100 
102 

164 
IBG 
168 

170 
171 
174 

176 
178 
IS0 

182 
164 
186 

0.0206 

o.oarr 
0.0217 
0.0222 

0.02?8 
0,0233 
0.0239 

0,0244 
0.0250 
0.0256 

0.0262 
0.0268 
0.0274 

0.0280 
0.028G 
0.0293 

192 

194 
190 
198 

200 
202 
204 

SO6 
208 
210 

212 
214 
216 

218 
220 
222 

0.0312 

o.oj18 
0.0325 
0.0332 

0.0338 
0.0345 
0.0352 

0,0359 
0.0366 
0.0373 

0.0380 
0.0367 
0.0395 

0.0402 
0.0409 
0.0417 

228 

230 
3.12 
234 

230 
238 
240 

242 
244 
240 

24s 
250 
452 

254 
25(i 
258 

0.0440 

0,0147 
0.0455 
0.0463 

0.0471 
0,0479 
0.0487 

0,0495 
0.0504 
o.051~ 

0.0520 
0.0529 
0.0537 

0.0546 
0.0554 
0.0563 

284 

260 
208 
270 

272 
274 
276 

278 
280 
282 

284 
286 
283 

290 
292 
294 

0.0589 

0,0598 
0,0607 
0.0617 

0.0626 
0.0635 
0.0644 

0.0654 
0.0663 
0.0673 

0.0682 
o.o6g2 
0.0701 

0.0711 

3 0  0.0761 



SURVEY OF INDIA 

No. . . . . . PARTY ( . . . . . . . . . . . . . . . . . . ) SEASON 19 . 
0 I 

Mach 15 -- Hunter Short Bccse A, 32 30 
Lamb. Glid I A 

Lo 68 00 
Description. The base is on sloping ground, outside the Observer : N .  S. R. 

north perimeter of SARWEKAI camp and lies east and west. 
The east end is marlred by a circle and dot cut on e, bwied Date July 1968 
atone with r L  cairn of stones. The other end is unmarked. 

I -- 1 0.1406 + 748' 
' Entcr total if nll taprv used) 

.- - IU ue enrereu s c  r r c e  -- -I 

!?hove M.S.L. 
Diogro m 1----1 

~4 

-- 

A 
- 

('1 I 0.!)9888 i If u-il~g Ing tnblrq, roniplolo cornpul&tion b o l o ~ ~  : I Scolo Factor 

Tapc No. 

Latitude 

(1) 
Tcmpcrature 

Sum 
-- - 

Total corrortions 
in metres 

-- 
Sum =Length of 

bnsc in ~uct.rra = I 

Length ( ~ l ~ r t r c u  ) 

- 

20~0026 

- -  

( 1 ) h(c.bn trlnporduro during ol)~orvnt~ons of smnll nnglr. 
( 2 ) In minrltr~ : ignore i T  rill n ' ~  nrr lcss t l~nn  4'. 

I I  any nuplmrt iq n ~ i \ ~ i n g ,  lcavo the corrc~pon~ling a~lplc l~lnnk. 

109 

O ' 
33 17 

24. Q°C 

60.8823 
- 

- ,,. 1537 

80.4286 
--- 

Log length in 

-- 
Lop, scale fnct,or 
( from 2  rid ) 

8um=log bose 
in grid melres 

( g ) ~ r o l n  tnl1.1; on pngcs 7 to 10. 
( 4 ) Enrh ,9 19 tho n l r ~ ~ b r n i c  diKcrenre ; tho rignq of 4a,, 3a3 etr., mufit thorcfnro be fabcn into urrol~nt.  Sco NOTE 

civen bolow iInny supports ore omitted. See pogo 0 for prcci~o formulaiCony Pisgrrntrr thnn 300'. 

C o r r e c t i ~ ~ .  

( nll negative 
cxcept tem- 

pera! ure over 
30') metrcs 

(3) 
-0.0053 

Junctions in I Observed anglo 

1 .DO541 

1.99'5' 

' 00492 

- - -  . - . .  - 

( 6 ) Prom 2 Grid. 
N ~ . ~ E  :-If onr or ~ n o m   upp port^ are ou~ittcd the following procodurc is t,o ho ndoptcd:- 

( i ) In  col~~lnn for n,, n, etc., tho lines rorrc~ponding to tho mi~sing supportsorota bo left bl:tnlr, i.o., if tho 3rd 
snpporl honi the nenr cnd is missing, lcnvc a, blnnli. 

i i  ) I n  tho column giving B,, Pa etr., for bnys ill wbirll onc or more supports ero mising, ,9 for coclr tope in the  

nletren 

0.1301 

0.1027 

25, 
-- 

a~ 
- . - 

1 
. . . - 

? ~ n , , ,  -nap,  
bny is givcn by the formula /9 = --- 

711 - 11 , wbero the furthor 811pport of t h o  bay isut tho n t l h  junction 

hot,wecn tnperr Iron1 tllc nenr cnd ilnd t'bc ncorcr nnpport i8 nt tho nth  junction ; tllo v,,rtic;~l nnglos to 
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DIAGRAM OF HUNTER SHORT BASE AS ERECTED 
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