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enougl~ for b a s i ~ ~ i  the eosuing work. ( It is hoped that  this Isfahan-Na8in portioll will be replaced by triangu- 
lation of qualit.y coniptlrnble to that  donc by @apt. Thomas ). Capt. Thomas carried a well observed and 
rondit.io~~ed series of triangles (average t,riangular error 1;") from the opening side for some 470 lniles to 
Jamali ( Intit,udc 29" longitude 59" ) and,about half way along a t  Bahra.mnI)ad (Iat,itrtde 30" and longitllde 56") 
he obsrrrcd for 1a.titnde. longitude and azimuth and connected a H.S.B. This base is believed to be accllrate 
to 1/25,000 and has bcen used to fix the scale of the whole of the section from Jamali t,o Naiti: as well as that 
of N:~in n-est,\~a.rds to the doubtful ray betmeen Nain and Isfahan referred to above. 

111 t.he ~lei~hbo~trhood of Jamali. circumstances of wea.ther and visibility consl~ired to render imllossible 
the obserrat,ion of t,he angles opposite to side 23-24 a t  stat,ions 21, 27, 30 ( vide Chart 11 ). L:,,ck of measllrcd 
values of tltcsc anglcs, t l ~ o u g l ~  not making the figures indeterminate, renders them very wcaldy detemlilled. 
Capt,. Tllomus very properly int.roduced a t  t,his stage an alternn.t,ive link by of Estended.Short Base 
'l!raversc froni 24 tip to some small triangles conuecting up three stations 27. 2!), :lo. Plam these latter 
3 stations. two well condit,ioncd figures (average triangi11a.r error :I" ) lead to the termit~al side of t,lle ( Indian)  
Raliit Longitudinal Series. 

1nspect.ion of t,Ile Cha.rt. 11 nrould show that  nzin111t.l1 fron~ the Indian side is well carried a.s far as stations , 
2 i ,  30 : thence to  25 and through the several angles of the traverse to 24, wl~encc the forward nziui~~t,h of 18 is 
determinate. To cont,rol this rather weak azi~nuth a.u attempt was made to establish a TJaplace stnt,ioll at, 
.Jnmali. This was unfortunately unsnccessfnl due to break down of the Cltronometer. 

The accnmulated error of geodetic azimuth as disclosed by La.place observations a.t, Bahmuiabad is 
+ 11" \rhich has been distributed between Iifih-i-3Ialik Si5.h and Bal~ramabad. 

The scale of the triangulat,ion from ICiih-i-AIalilr Si5.h H.S. to No. 25 is in terms of the Itidianside K ~ h - i -  
nlalik Sikh H.S.-Kkchn. Iifih H.S. conoei-ted to International spheroid terms. Prom 25 to 24, the scale is 
in terms of the H.S.B's and from 24 to Nain in terms of the measured base a t  Bahramabad. The incomplete 
t.dangle 21-23-24 preclutles the utilization of the H.S.B. a t  .T?~mali for carrjitig forward scale t,o Bahramabad. 

4. Com~)utation of co-orclina.tes has bren carried ont worliing froni the India11 end in terms of t,he 
Indian oriain of 1Calianl)ur. The published values of t,lle co-ortlinates of the Indian terniinals ( Kfih-i-llalik 
SiZh and l%clia Iifih H.S. ) are in terms of Ererest sphcriotl, the tleflections a t  the origin Ileing defitled as 
On .31 south and 2".S9 west. These have been converted from terms of Everest spheroid t,o those of the 
International spheroid and co~nputation thence has been carried westward in terms of the International 
spheroid. For this conversion t,lie following differences ( International minus Evcrest ) have been used :- 

6a, difference in semi-major a,xes = +3,627 British feet. 
6 ~ ,  difference in ellipticity or flattening = +0.4255 x lo4 
ST,, difference in meridian deflections a t  the origin = +2" .71 
St,, difference in P.V. deflections a t  the origin =. +0" .28 
Xo, difference in height a t  the origin - - -31 feet. 

The above deflection* anomalies between the tn-o spl~eroids result from the deflcct.ions a t  the origin on 
t.he Intert~ational spheroid being accepted as 3" .02 south and :%'I . l i  west as derived in 1927. They make the 
closest agreement between the International spheroid and the Compensated Geoid-) and are inevitably a r b i t r a . ~  
to  a certain extent. The additional information gathered later however is not sufficient to justify a reriiiion 
of these values a t  present. 

5. From Capt.. Thomas's work, the derived values of co-ordinates a t  Nain in Internat,ional term, 
relativc to  ICalianpur, are a3 follows :- - 

h 32' 54' 30" .6 
L 53 05  41 . 4  

The co-ordiiiates of the same point relative to  Nahrwan, the Iraq origin, in Intetnntional terms are 
A 32" 54' 23" a 5  
L 53 0 5  36 -8 

The discrepancies between these in senae Indi*Iraq a.rc 
&A = +7".1  
SL = + 4  .6 

which arc to be attributed to  
( i ) deviations of the vertical a t  Nahrwan ( Iraq origin ) relative to the ~nternational spheroid 

located by Kalianpur origin of the Indian survey, with 
7 = 3 . 0 2  S., f = 3.17  W. 

( i i  ) errors generated in the triangula.tiot~ between the two origins. 
Thc Ijrohahle errors ( ii ) have heen roughly estimated from the characterist,ics of the intervenin~ 

trianyllation and arc found to he 
ZX, = f 2" ..;, &L, - + n" .o 

TIlcae inrlicate t.llnt w)lilo the (liwcrepan~:y in longitnde may b~ entirely produced h~ errors of observatir 'ny 

,hc ;Ire: 2:) : 1. tho latitude discrepancy, being solely tlltc to tllis cause. If (ji 1 7  t'l'ese 
rJiscrepancir.n ilnl-,ly plnmh-lille tleflcctions a t  Nahrwan ( lrnrl Origin ) of 7" ' 1  N. and 3" '' E. in  

to note t l ta t  +ltesc arc in  t,he (]ircct.ion of visible manses. Jf a t  I<ali:lnl)llI' the (leflcctions "llc Intcrnationu' 
s l l ~ l ~ ~ r r , i ~ ~  Rrr: nss,lmc(l to I,,; + 1 1 ~  ?;:Line an on Evcrcst sl)heroirl ( viz., 0'' S. rind 2" 'R9 W. ) corrr's~ondinfi 

,lefl,:r:.ionq xatlrwan nrc. !," . R  N. ltn(l 4" .  1 E., which sl~ows that the tlcflectiony adol)tedon the lnterrlationnl 

.I,hr.roir] :,t, Kalianl,llr arc: ;In improvement on thoir acccl~t,ed on t,hc Evercst s ~ ~ ~ ~ ~ ~ ~ ~ .  
I I. tilc r , l q U l f s  ,,f ill(: l~f.rHiiL1l arc esl,rrs-;sc~rI in t,ctrms of Cln.rkc ISSO ~pheroid in Jte~Iling with mpst 

,,I. r l l r .  j ~ i ( l ,  J : ~ ~ + ,  tri;rngul;ltion ,,n,l ;kr(- ~ , , ~ ~ c t l  ,In t,ri;tnguIation in Trnrl origin t(:rms, tllc co-ortlinates O f  stntion8 
xOr, 27. 2!, 1 : j ~  ( I:los,: to ,.lie Inc.ri,liHn of r;on E. wl~icl~ I I ~ L S  11cc11 cho~etl as t,lle divi(Iing lintt I)et\vcen LhP 
:lr(. I l t i , l l , , i t l L !  r(.SllOnRitlili~,y of nfirl. Enyt. ;~nrl Tl~tlin ) rlitfi~r from their vnlllcs ill term3 of t,hc llul)lishot' 



triangulation paml~hlets hy -1- 12" . I  in latitude and - 4" 4 in longitude ( in the sense Indim mi- 
Persian ). These discrepancies are inherent in  the different s y t w  a d  are not for &per&. The plme-bblm 
and map sheeta of the area containing these stations should have graticules on both the systems indi-ted 
by full lines or ticks as thought appropriate. Any triangulation across the junction line of 60" E., however, 
will have to be computed ill whichever terms are more convenient. 

6 .  Heights :-Due to limitations of time, vertical angles have not been observed a t  the tirno of minim- 
r e h t i o n  and reciprocal observations have not been made a t  some of the stations. The average triangolm 
error in height of the triangulation net west of Nain is 6 feet and of Nain-Zabidan portion 13 feet account 
of the p e t e r  lengths of rays. The heights in Iraq terms are bascd on the height of station Khgn- 
of Iraq Primary Triangulation, ( about 40 miles away from a spirit-levelled B.M.') m d  those in Indian term@ 
are based on trigo~lometrical height of Kfih-i-Malik Sikh which is about 400 miles from the ne-t spirit- 
levelled wnnectiou. The discrepancy n.t Nain ( in the sense India-Iraq ) is 36 feet. I n  consideration of 
the great distance-1,100 miles-between basic heights in Iraq and India, this is not large. 

The height computations have been carried out with due regard to  the length of the rays and some 
doubtful observations a t  times considerably removed from the time of ,minimum refraotion have bmn 

' rejected. It is to be remembered that lrnowledge of the temperature a t  the time of observation as well &B 

of the maximum temperature of the day a t  the station assist in the determination of refraction and 
such meaaures should when possible be made by the observer-not done in this case. 

The heights given in the list a t  the end are in Indian terms. 

APPRECIATION OF THE POSITION REACHED : 

7. The Trans-Persian triangulation worlr naturally divides into two main portions 
( i ) the network in NW. Persia reaching a.s far as Isfahan and N d n  in which accuracy of 

order 1/15,000 is attained : 
( ii ) a chain of triangulation from Nain to India of present overall accuracy of 1/20,000 ; the 

accuracy may be stepped up to say 1/50,000 by a small amount of additional work 
whereby scale, a t  present less well determined, is toned up : 

and ( iii )::: a minor portion Isfahan-Nain which i t  is hoped will soon be replaced by work of an 
accuracy comparable to  ( ii ). 

Already the systems of India and Iraq are linked to an accuracy of 1/15,000 in the weakest section. 
The Iraq system of Primary triangulation can be considered as of sewndary geodetic precision. It has 

been linked with French Primary triangulation in Syria. Continuous triangulation accordingly exists from 
Syria to  Siam. 

* Udortunately inrormation has now been received that there is no possibility of this work being done in the near future. 
Its kpottnnce, however, needs no st,rossing, and its abandonment is regretted especially as the amount of work involved is compnm- 
tively small. 



M of m-ordin- and heights of slations of Nain-Zahidala 'I'riangulalion by Captain P .  A.  Thomas 

( Intornnt~nnal Sphemrd ) Clarke 1880 Sphem~d Evereat 
No. Skt ion  or Pamt I 

- 

Lntlt~rdc I Longltllclr -- - - - - - -- - - -- - - - - - - . . . - 

I 34 &ahn lit31 H.S. 29 :ci 57."li9 6 ;  0:; ~ 7 ~ 5 6 9  I ,  I 

33 KOh;i-Mnlik Nilb . . 3L01r47 
H.S. I 2; 51 l i L ! )  I U) jf 2 l W U l  

32 Rursi h.s. 29 91 47.815 00 41 48.06!# . I 31.!61 61 .<lo f:I R 0 . M  

Jsmsli 
D Jarnnli Base 
R i s n  
Kuh-i-Kafilt 

I Deh Balcri 
Kuh-i-Ahnriq 
Kuh-i-Hazur 
Kuh-i-Soguoh 

Kushku 
Kuh-i-AJ-i.Pain 
Kuh-i-N~lk 
Kuh-i-Du~hsr 

I Nnrkuh 
Kuh-i-Buruk 
Kulmani 
Sadrabad 

5 Aghda 
4 Chnh Nau 
3 Kuh-i-Pnrviz I 

Length of FL. S. Base at  Bahra1nnbitd==Bti5.9:;:! B~.itisl~ ti.cl 

Results of Aslronomical ob~ercnliorls at Bahruntabatl 

,, r ,, 
Lntitudo . . 3; 24 07:i '0.8 30 1:) 4!l.r; , 1710 

! 
Imngitudc . I 5.5 58 23.;1 5 65 fin 1H.O . 7 .5  

Azimuthfro~uI1olnriil.. LO8 23 07 .2  l i ~ l . 4  1 0 I 4 - 7 . 2  



THE PERSIA-INDIA TRIG. CONNECTION, 1944 

'rile series connects the system of triangulatio~i done in Iraq and Pcrsia during 1941-4:I with the 
~ ~ i ~ ~ ~ ~ ~ ~ ~ t ~ i ~ ~ l  series of India. It emanates a t  Nain, in Central Persia, from the series S.V.. 178 of the 

triangulation done in 0ct.-Nov. 1942 by the Survey Service. Paiforce. From Nain it  runs SE. for a d i s h @  
of 700 miles with 34 stations and connects with the K a h t  Longitudinal Series of 1908 a t  the western boundary 
of Bduchistiin. 

T ~ C  value and objects of the connection were :- 

( 1 ) To tlsRess the value of the rapid wartime triangulation of 194143 in Paiforce in t e r m  of 
the practically errorless G.T. series of India. 

( 2 ) !Che strengthening of the Paiforce trimgulation. * 

( 3 ) The provision of a basis for further extensions of triangulation and control for nnrveyd 
which may follow in hitherto unsurveyed Eastern Persia. 

( 4 ) A contribution to geodesy by completing the only missing link in the syste~us of' t~iangu- 
lation extending from Europe to the Far  East. 

2. 'rhe scheme was first envisaged by Dr. J. de Craaff Hunter, Mathematical Adviser to  this Survey 
of India ( now Director, War Research, Survey of India ) during and after the surveys of the war of 1914-18. 
l t  was further referred to  in the Handbook of Geodetic Triangulation of the Survey of India, 1929. An actual 
:&ttempt fro111 the Indian end was made by No. :3 Indian Field Survey company in tho winter of 1942-43 
1,ut defeatctl by transport troubles and delays, climatic conditions and the demands of other priority work. 

3. 1)uring September 1943 a report on No. 3 Company's work and rcconnaissance was sent by the 
I)ircctor Surveys, India to the Asst. Director, Surveys, Paiforce with the enquiry as to  what could be done 
from the Pcrsian end. There existed in Paiforce a t  the time 3 Survey Sections and a Directorate with cr 
Palestinian Map DepBt, a strength considered sufficient for the survey demands of a rapidly dinlinishing 
Commnnd. The sections were onc General Section, one Ground Survey Section and onc reduced Rcproduction 
Section. The report of No. 3 Company was passed on to me as  O.C. Ground Survey Sect,ion for study and 
~.eport, I wns keen to undertake an important job of this nature and submitted a favourablc report, but 
if the most suitable time of the year, autumn, was to be obtained i t  was necessary to get moving with prc- 
liminarics. 

4. The scheme was put up to the Director, Surveys, Middle East who in turn sought the a1)proval of 
the War Ofice. Nothing further was heard until War Office approval was signalled by Middle East, 011 28th. 
November. Things now began to move and a t  the instance of A.D. Surveys, Paiforce ( Lt.-Col. L. 1'. de Vic 
(hrcy, R.E. ) a conference was callcd for the 2nd. December and was attended by represcntatives of l i branches 
of the Army. 

5. 1 had been asked to prepare a list of additional personnel andequipment that n.oultl be rc.tluirecl for 
t l ~ c  job, as the resources of a Ground Survey Section, separated from it.s parent Compauy, would not be suffi- 
cient. In spite of the realization that the job would be considerably bigger than the normal triangnlittion that 
I~ad  been donc with 3 or 4 vehicles, a few primus stoves and a month's dry rations, the demands fbr ntlditional 
~~ersonncl and equipment were modest in the extreme. Howevcr, i t  became apparent in the carly stages of 
the conference that the job had acquired a standard of importance equivalent to a hazardous expetlition into 
the unltnown with the consequence that no demands were considered unreasor~abl~ and m-ere stepped 11p 
;~ccordingly. The conference was left with the feeling that if the job was a failore i t  would not be dur to lack 
of jlrovision of personnel and equipment. 

6 .  The nest fcw weeks were spent in final prclmrations and the collecting of st,orcs and erluipllrc.nt,. -411 
1)r:~nc:hc-s wcrc most helpful and gave priorities which avoided all difficulty and deltL-. It had bc.t,n realised 
that the ~)l,ovision of vehicles \rrould constitute the biggest difficulty, as tlie resources of tlle C'orn~~~;t~ld wew 
very limitetl in t.his respect, but this was fortunately solved by an agreement betn-ccn Paiforce nntl l~ldin by 
which issur would be made from amongst vehicles due for return to Indiu and await,ing sllipluent nt Jasm.  

7. I'reparations were finally concluded by 28th December and t,he convoy of 18 r e l ~ i r l ~ s  nntl i s  
ranks. as listed bclo\v left Baghdad on the morning of 29t.h December. 

List of pe~sonnrl  List of celiiclcs 

('opt. P .A.  Thomns, I .E .  
(!apt. F. J .  Sat,ur. r.a.nr.cs. 
Subedar M. %. .\. Qnraishi. 
.It>madar Svyr. AInuji Ram. 

.. A.  S. Rrtna. 

.. H. U.  IChan. 

., Autar Singh. 
, C:lerlr RI. (2 .  Rnsul. 

tlnvildar Computer D. C. l i ~ ~ t h a r i .  
1.0.13s. SurveJf . . . . 
I)rivcm KT. . . . . 
Signallers . . . . 
Fitter8 . . . . . . 
1Slcctricion . . . . 
Carpenter . . . . 
Numing onlorl\. . .  . . 
Intt:rl~mtc~r . . . . 

Truclis 15-cwt. . .  
notlgc . . . . 
Chev. . .  . . 
Fordson . . 
Ford C.A.T. . . 
Bedford . . 

Lorries 3-ton Chcv. . . 
Lorry 16-cwt. wnter . . 
Lorry 24-ton F.LIr.D. wit,ll wincll 



8. Blovrmrut. c.ol~t,rol w:ls mucl~ in cvitl(:ncc H I I ~  nt'icr bcirlg shel>llerdetl to the outskirt,.s ~ % . , d d ,  
the convoy was agaill rnceivcd 10 miles outside Khnnaqil~ Ily 2 red call dis[):~tcIl riders and ,,ilobd in, but thiN unexpected and flattc,ring attcnt,ion was rather wnstcd by bcing led t," the wrorlg st.zging camp 
knom,ledgc of nrlr idcnfity was disclaimrd, necessitating u more on about 4 miles fllrthrr up the road to some 
road const,r~~ction coolie lines. After tllis cifort no mom was seen of iLny movement control lllltil arrival in 
Quet~ta four months later, ~ n d ,  aptirt from making the few necessary official cont)acts dllring the journey and 

t,he inquisit.ivc nt,tfsnt.ion of Persiun urchins, thc convoy passed tllrough llnheralded and unsung. In t h ,  
more fitages Sultanabad ( Aralc ) was reached on h'ew Year's Day and a stay of one day wa3 ,nnde to rnUect 
items of winter irlcrcnscs of rations, and l,o carry out minor repairs to vehicles as this w:is tile last place 
military repair facilities \\-ould be avnilable. The journey of 400 miles alreatly done had 1,mvidecl arl exmllent 
opportunity of discovcring carly the weaknesses in certain vehicles. Final minor purchases from the last 
N.A.A.F.I. and bazar were also made. Two more st,ages brought us to Isfihan, and camp was pitched ahonl, 
15 miles north of the h\vn,  on the site of t,he south end of thc base which had hrcn measured in 1'313 and whelr 
t.he Longitude observations had not proved too well, necessitating reobscrvation. Weather conditions had not 
been too good since the commencement of the trip, wit.11 intense cold, wind and clquds, and i t  was not kill 
the fifth night t,hat observations were satisfactorily concluded. It had originally been considered desirable to . 
start the series from this base and reobserve t topo triangulation done as far as Nain, but time was short, 
and this consideration coupled with the unnecessary duplication of worlc were the deciding factors 
against it. Subsequent events proved that  the first consideration, the tiruc factor, was well considered, but 
t,hat the sccond consideration was unfortunate. 

9. On Sth January Nnin was reached in t.he evening and, as i t  was from here that the series would 
commence and a reconnaissance made, camp was pitched in a more permanent manner. A local recm was 
made next day and visibility was found to be incredibly good, so good in fact, that  a distance estimated by 4 
experienced surveyors to be 14 miles, turned out to be 36 miles actually. This discovery necessi ta t ,  a 
revision of ideas and of the preliminary layout consisting of triangles of 30-mile sides, that  had been done on an 
office table in Baghdad, as these could now be stepped up to 50 to 60 mile sides. The route for tho series divided 
itselfnaturally into three distinctportions. Firstly, the 40 mile broad valley 500 miles long flanked by s n o ~ ,  
covered mountain ranges rising from 7,000 feet a t  Nain to 15,000 feet a t  Kerman, with the short sharp descent 
to desert level of 2,000 feet a t  Bam ; secondly, the 100-mile stretch of flat Lut desert and, thirdly, the 100 d e s  
of massed mountains, averaging 8,000 feet to the west of Zahidan. A recce of the first 250 miles was s b r w  
on 9th January. Stations were not actually visited and climbed as too much of the short and valuable time 
would have been spent. By selecting stations on the highest mountains both intervisibility and the requisite 
lbng rays were expected. Selection of stations and a recce of the approach routes to  them was made fiom the 
main road which lay in  the broad valley. The recce party included the 4 surveyors whom i t  was intended 
t o  place in charge of the 4 helio parties, two forward and two in rear, and i t  was trusted that these surveyom, 
particularly those in advance, would find the best way to the summits of the station sites pointed out to them. 

10. On arrival back a t  Nain, the results of the recce were worked into a very elaborate time table 
and plan of movements for each observer and helio party. The plan consisted of 2 observers observing simul- 
taneously a t  stations opposite each other t o  2 helios forward and 2 in rear. This necessitated double helios 
ahead and rear which was arranged by plumbing a low Ordnance pattern helio underneath a Survey of India 
helio mounted on ordinary plane table legs with the tribach adapted. The time table and plan with the 
numerous attendant details were very carefully and a t  great length explained to everybody and issual in 
writing and several small scale rehearsals were carricd out in the camp arca. 

1 I .  On 14th Jan. all parties had departed for occupation of their positions and the commencement of 
observations mas planned for the 15th. By the 20th Jan. however, an admission of failure had to be made of the 
over elaborate plans as i t  had not been possible to cater for theinnumerable hinderances andobstacles that would 
be met with. I n  these few days i t  was found that  there was so much t o  interfere and interrupt,-mechanical 
breakdowns, bogging of vehicles, failure t o  climb hills on account of physical difficulties such as ice, snow and 
precipices, variable weather consisting of icy wind of cyclonic intensity, clouds, dust haze, the difficulty of 
maintaining scattercd parties with water, petrol, kerosene, rations and clothing that  a breakdown anywhern 
meant the holding up of the works 

12. The necessity for reoganizatio~l was obvious and all parties were called in while new plans were 
made. Much depended on getting helio flashes which in turn were so dependent on the weather and mechanical 
failures, that  the basis of the new plan was t o  do without helios and observe to  large cairns on lower peaks 
presenting less climbing difficulties with shorter rays of 30-40 miles. One benefit of the experience of the last 
few days was the proof that,  in good weather, visibility up to 35 miles was always extremely good. Accordingly 
Subedar Quraishi was taken off observing, and with 2 surveyors and their squads of 4 men and 2 vehicles each. 
formed an advance rccce and cairn building party. Though this plan left only one observer and appeared 
theoretically to  double the observing time i t  cut out so many other obstacles that  i t  meant in practice an actual 
saving of time. This plan now released 2 surveyors who were accordingly employed on 1" sketch survey of the 
road and country 15-20 miles astride it. With their squads of 4 men and 2 vehicles each they followed in 
rear. The observing party now consi~ted of myself and computer recorder, T sepoys, 4 vehicles with 6 drivem 
and a fitter, and two signallers. 

13. 
JVjt,h the new organization obse~nt ions  were commenced on 23rd Jan. and in 5 days 5 stations 

had been completed. Though 3 of these stations had been low, the other two a t  9,000 feet had presenM 
difficulties of a nature that required fairly flkilful mountaineering ability, proving that  the completion of obser- 
vations a t  all future stations, which would be highcr, would in each case be an achievement in itself. The 
heiFrht of the valley in this section was 6,000 feet approx., and to complete observations in one day meant a 
climb of anotller 5,000 feet from a camp as ncar to  the foot as  M.T. could approach, generally a distance of 
2 or 3 miles, which took 3 t o  4 hours, then observations a t  the top for 3 or 4 hours and the descent back to 
camp in the darknes~ of about 3 hours. As the days were short winter days with about 8 hours daylight, this 
meant leaving camp in the dark and returning in the dark, a performance not ~ossible very frcquehtly and, 
w*ai,nly not on successive days over any considerable pcriod. A big advantage resulted in receiving ~eriodi-  
rAlly the resllltfl of the forward recce party which also contained descriptions of the best and quickest routes 
for climbing. For the next 14 stations only on two occasions was camp reached before darkness had fallen. 



14. ,statiolls 6 : I I I ~  7 were cornpletud without much clifficulty bnt, from etntion 8 onward# noriou~ 
tli~culties dO]0yH \vrro ~ l ~ c o ~ ~ ~ ~ t t ' r e d ,  mainly in the form of adverse weatl~er contlitionn whioh soemed to 
nRve broken colllplrtclv. al~rl cl~nr~grs occurn?tl without nny acco~tntttl~lc renson-rain would prccwle eand~torm# 
instra(l of filllo\villg alld clearing ~IIPIII .  c1011ds would npllenr in 11 cloudless sky nntl. nftcr ll~bnging nhout for a 

I ~ , , ~ ~ ~ .  ( l i S n l l O C ; I ~  rnl)i,lly 11s thr,y CJUIC. IL tlr~ll durk tiny wo~~l t l  occrlr in between two bright tlayn, hot dayn 
would HltC,.IIIl,t,! \\.it11 tile bittrrcsl. cold, ant1 haze wor~ld occur for IIO nppuront reason, hang n.romnd, nnd d i ~ .  
.pppal for no logical rensoll. 

on No. 8 tlte ohscrving 11;rrty was borlightcrl I L I I ~  ~ f t e r  IL long perilous tlesccnt in the tlark- 
lleRs rci,chetl a oRravi~llscrili 0.t. 01 .OO I I O I I ~ R  and food and wnr~nt,l~ wrrc I)rggr.tl from evil ~mslling camel owne~u. 
.Oll stat,ion !) two ulembrrs of t,ho party wcrr benigl~tetl t l~~r ing  thr tlrsccsnt ant1 nl~ent t.l~e night a t  about !),MI) 
,bet \vithoul; footl or nlleltrr \vit.l~ :I l.t?tnpcl~t~~turc well below frcvsing ])~,il~t. St,ntions 10 anrl I 1 were uuccosa- 
fully coml,lotcd dllril1g n 111rl;y I)rcol; in the weather. At. ntntion 12 t.hr wrong ~ ) n ~ k  wa8 cli~nberl nnrl in mrt- 

aequencc 4 (inss were lost wi~iting for lmzr to clear. i\~lot.l~cr 4 tlaya wero lost a t  the foot of ntntior~ 13 on 
:,cconnl, of hazcb ngl~in. A co~~t,inuons Iligh wiud of c,yclonic inte~wity for 5 days 11ela.yed st,at,ion 17. Two livc:~ 

I l c a r l  lost, (11~ri11g t l ~ e  ; ~ s c t , ~ ~ t  of stat,ion Iti which consist(-(1 of loow nl~i~le ant1 date  making a footholtl 
t.strelnely pleca,l.iou% t~ntl rlangeroas. A night wan s l ~ r n t  at. 1:1,!)01) t e t ,  on nti~t,ion 18 with no foorl, wtarmth or 

wit]l t,wo c:lsrs of snow blindnc~ss thc nest dn.y. Station I!) a t  14,ROO feet 11rovetl too ruuch for all 
,c.scept. two of the scl,o!;s and myself and the lontls ot'othcrs had to be 8Ii:~red bct,ween u ~ .  Af%c.r :L 7 hours 
(:limb, observatiot~s wc-rc coml)leted a t  ahor~l  I(i.:IO 11o11rs I I I I ~  :L dang~rous tlcscer~t over vrry tliffic~llt 1>recill- 
,tons I>lought us back to c&ll!\l i1.t. ():(.()() Il0~r.3. 

16. .-\ had bec~n ~ncasurctl a t  Rnhr:~~nallatl nit11 observat,ions for Lr~titude, Longitutle i~lid A~irnut~lt 
and conncclccl lo the series. 

oI1 4th &[arcll Kel.mall was rec~cllrcl w11ruc thr  rcceil~t of tht. ti~,st, issnc of rations from India w:~s welcomctl 
by the n.llo beell livillg on dried clcrtes and hiscuits fhl. the Inst few C ~ R Y H .  The greater part of tllr 
series had now bee11 completed xTery successfi~lly. but i t  was very n ~ u c l ~  fc:;n.ed that, weather conditions would 
IIam~~er the continualio~l fbr 11)o miles ncrosd the Lrrt desert. I t  was accordingly 11lanned to (lo the desel-t 
port,io~~ nest leaving a gap of some 1()0 n~iles of high mountains to  bc donc 1;~tc.r. 

17. An fearetl, a rcco~ulaissancc of t.hr desert portion proved he;~rtbrca!tit~g. not only on account of tit(: 
wenther wit l~ a dense I~aze cund visibility re.it,rict,cd to a l u a s i n ~ o ~ n  of 10 miles, I)ut also on account of the laclc 
of snitable stations, ;tntl four tla.,vs \\rere spent in wandering frnit.lessly :~rountl in an :~ttcrn[)t t,o fi 11d snitablo 
positio~~s. -4s a. rcsnlt. it wtLs nlrnost dc.citled on t,he 4th day tl1;lt the w,:atller l ~ s d  completely broken a11t1 
impossible observing conditions set in which would necessiti~tc t h ~  nl~andoning of the series. On the 5th d i ~ y  
however, after an cstreinely sultry and oppressive afternoon, a terrific storln burst. with a high wind and heavy 
.rain, and great hopes were placed in a spell of good weather resulting. 

18. 1-'litns were made to occupy two previously reconnoitred low stations in t.he desert area in the hopr 
of grtting long 5hot rays outwards east and west to the high mounta~ins on thcse sides, t,hus covering the desert, 
11ortion in  one nr it \trere, wit,h rays of 70 aurl ti0 miles respectively. Hopes provetl well founded and two 
bright c lea~  t l y ~ s  provided siifficient time to complete t,hese observations wit,h the satisfaction of feeling that 
part of ;t vcSy grcat obstacle had been overcome. But reci11roca.l observations had yet to be obtained ant1 
subsequent weather conditions never permit,ted this. Disappointingly, the long rays in the west had to I x :  
broken down by small triangles, and those in thc cast by double cstended Hunter Short Rase traverse. 
Ironically enough, when all disl~ositions had already been set for the traverse work, the we:~ther clearetl 
off sufficienl.ly to have permitted the continual~ce of triangulation with smaller sides. This took another 
three weeks and it  was not till 6th April that the desert portion was completed and main camp establishctl 
at Nasratabad Sipi for the last lap of tho series with 6 stations remaining to be observed. Anotller base h ~ l  
been measured and astro observations made about 25 miles SE. of B a ~ n .  Unfortunately, the establishment. 
.of a Laplac(: station here proved unsuccessful due to  the brealrdolvn of both wireless set and chronometer 
,which had a t  last been packed in as a result of excess cross country jolting. 

19. To ensure completion before the weather co~npletely broke, i t  was arranged that  Subedar Qurctishi 
would 0bsel.v~ a t  the two remaining stations on the south side of the series while I observed a t  the 4 on t.he 
north side, including the two fiual Great Trigonometrical stations to  which connection was being n d r .  
Deterioration of weather conditions now became very rapid and it  was only on one day in five that  observations 
were possible for a few hours a t  sunrise. Eventually, on 18th April, the last station was observed and thc 
series completed. 

20. The whole party now assembled a t  Zahidan and, after a halt of four days, during which sufficient. 
[rllnning repairs were done to vehiclcs and two evacuated by rail, the convoy proceeded on its jourtley to Quett.;~. 
which was reached on 25th April. The orders awaiting here were that  t,lle section was to  proceed to Dehra 
Diin whcre disbandment mol~ld take place. This would involve a journey of some 1,000 miles and could not. 
he undertaken without extensive major repairs and overhaul of vehicles. This was co~upleted in 10 days ant1 
on 6th Rlay thc convoy set out it,s final 11 day journey arriving a t  Dshra Dtin on 17th May. Personnel wen. 
sent off on leave, vehicles returned to Ordnance and disbandment completed in 2 weeks. Angle b03k3 anfl  
chart were l~anded in to the Director, War Research, Survey of India in Dahra Dzn. 

21. In  a~uplificatio~l of the above general report the followiug details are added. 
Rations.-Before lea,ving Baghdad dry rations for 70 da.ys, a t  normal field service scale, mere drawl1 and 

~ntcnrled to last till 10th iIIarch. These completely filled five :)-ton lorries. In  addition, suficiellt ruin for 
50 issues per head was drawn. The special winter increases con.sisting of cocoa, milk, sugar etc., were dr;rnm11 
a t  Sultanabitd, the last supply issue dellot in Persia. As the issue of fresh rations war impracticable, authorit:\. 
was give11 for the local  orch chase of fresh items, on the appropriate ration scale, a t  the masirno~u d>l,ily rste of 
12 rials ( Rs. 114 ) pcr Ilcad for B.T. and G rials for I.T. Though this allo\rance would appear on first s igl~t  to 

very lib(~ra1 it  tnrnerl out to be really insufficient, duo to the estre~ucly eshorb i ta~~t  prim:? a l ~ d  scarcit.y of 
coIamodities Prevailing in an area where local resources proved hardly sufficient for the inllubitants. A s l~ , -e l~  

Rs. 50, chickens Rs. 5,  and eggs -1121- each. Dry rations wero issued for a n~onth  a t  irn timn. Tilis 
avoided t'ha inconvc:niencc that would be caused by more fisquent ijsues, covered tho prablern of i . -  .,II~- h) 
isolated det,nchmcnts, and released valuable transport for technical duties. At,tnchcd psrsonnel, who I I H ~ L  



always k n  accuutomed to having their food coolicd and scrvcd to the111, had now to ctcclls~lp tllemwlres 
t o  aur17ey habita nnd c001i t.lmeir own food or1 prillmas stoves. A welcome concessiol~ WRS tile allttlority for the 
l)urchnuue of t,hrre lnontl~w iss11e of rat,ioncd N.A.A.F.I. sul)plitbs. payment for whicl~ could be made of i~npwut  and r ~ c o ~ c ~ ~ t l  by salca n~i th in  the  unit,. Altogetl~cr about Hs. 2.000 \varth of wqairPmmtn, ranging 
from boot layes to Scotch \~hisli?-. weir ~)archascd and a. mobile ci~lltccn for~uetl. C'ertuin it,eIns, particularly 
cigrtr~ttes,  prorctl il~sofficient, and certain itmms that  j)rovcd in esccbss of rc.llllirrnlc~ntp wc.re din- 
posed of,to c t ~ r i t c e ~ ~ s  in Tntli:~. 

22. Pay.-For t l ~ c  new I u ~ p r ~ s t  account n stun of f 1,000 was cll.:~wn iu Iraq I ) i ~ ~ ; l ~ , s  in Ragitdad and 
cha,rlgecl into Persinn currency: a t  the controlled lxtc of e s c l ~ a n g ~  ( I .  1. I). t 6  1PH ri;rls), by thc K:ltional Bunk 
of I r an  a t  Isfi~han. A n  adva~ice  of two months ]);my was made to  all l ,crson~~el brfore Ietkving, after which no 
demands for pay n-e1.c. ni:mdc drlring tlie trip, for the two reasons t l ~ a t ,  there was notl~ing to l~llrcllRse anel no 
1'0" toftices through \vliicll money conld bc sclit. home, but on arrival a t  Zahitltrn. t,he~,e was ;In inllnedinte 
tlemand for t'n-o ~ n o n t h s  1):18. I~i f icul t ics  crrose in the eschangc fro111 rials to r r ~ l ~ t ~ t ~ s .  tirstly 011 ac~oullt  *1- 
t l ~ e  low v:llnr of the rial involving losset t.hc prtblie rate of eschangc, and seccl~~tlly, I,eeal~sc the .4dnlin. Conldt, 
(lid not l i :~ r r  sl~ficient rnl)res for c-xcl~ange. This dificr~lty was ove~ ,co~ur  I)y urriungi~~g t.lm;~t eilcll Et'llt. 
:I. money orclcr of t~lmorlsands of rials. at, the controlltd rate of c sc l~ ;~ngr .  comr~lissio~~ fi,cc. atltlrerserl to Ilimnrlf 
iu Quettn n-lmert, it was caalrcd on arrix-ill. Antllority wits also given to n~c-ct cc~r~ti~mgellt t ' x l ~ r n t I i t ~ ~ , ~  oil+ of 
lmprest  ul) t o  a mas in~nn i  of ' l5U per rnontl~.  but co~~tingencichs n-cv.c. not I I I ~ I I ~ ~  a1111 consistctl nl;lirllF of 
c.oolie 1abo111.. ~,epairs t o  iintl SI);II.C parts Jbr \-cl~icl(*s anel ~>l.imus s l u r  cbs. 

23. P.0.L.- y1'1.y fortunately, 11ct1,ol and oil \vcrc, avi~il:lblt. i~ t ,  illtrrv;~ls along thc route wlmicll sayrd 
what would ha re  been :III organization o f s o n ~ e  magnitude rc*cluiring tile car~.iagc of, say 200 1uilcs resewe. by 
vaclm already ol-erloatled \-chicle, and the formati011 of dnm1.s along the rontc. I!y giving ~motic~ \\'ell il l  
;Idvanre, suficicnt sul)plics \\'c~.e made arailablc by t h r  Anglo-lraniau Oil ('o. t o  tllcir o u t l y i ~ ~ g  delIot3 by 
tanlicr lorries. aucl obtained on l~rcsentation of a signed sl~cciul intlent form tur use by Blli(,d Forces. Most of 
t.he depots consistctl of 1)rimitive 1)111ul>s, \vorli(d t)?. hand Itsvcr out  of il. I):~rrc,I. nrlcl I)y t h ~  1 i n ~ c  tlrc tanks of 
18 vehicles hat1 heen filled a-ith an  average of "1 gallons each it is ti~:u,c~l t ha t  tluite a few o l~c~ ,a to~ . s  1vc.1.r. left 
sufFering from acute tennis elho\v. It was also fortllnate tha t  tell 4 0  gallon d r u n ~ s  were oI,tninetI ils tIlese 
proved of inestiniable valu? n-hen nu-ay f r ~ m  the  rontl. I t  is c;~lcr~l;ltt*rl that ahout, ! ) . O ~ O  ptllons of prt,rol 
were consumed in the whole trip from Hagl~dnd to 1)eImril Ufin. 

24. L.A.D.-All mi1ita1.y recovery aid ceased a t  S ~ ~ l t a n a l ) i ~ d .  'I'llr sect:on was ecluil)~~etl with "lie 

Ford f !-ton lorry, four wheel drive, ancl fitted with a winch. W i t l ~ o r ~ t  this sevc-ml rcbicles \\-ould have had 
to be abandonecl in t.he frequent sand, salt marsh and loarn nmet \vitll. The vcl~iclc also cnrrictl the :{ fitters 
\Pith a tool chest eacl~ .  electrician and his tool clrest: anti some of the more ini1)ortant i t c~ns  of the 3 ~nonths 
reserve M.T. stores ancl s p r e s  including the 300 wat t  J o n l i s o ~ ~  chore ho1.s~ for battery clinrging. Normally 
i t  t,ravelled and remainrtl with the H.Q. sect,ion \vIien not out o n  a jot) of recovery. One fit,tcr sometimes 
accompanied the forward recct, party and onc the observing 1);lrty. 

zg. Vehicles.-Of the 15 cwts, only the  Dodgc and' Cl~cv.  stood 1111 to tlir stiH cross country work 
1eq11il.ed of them. The t.nro Fordsons, Bedford and Ford CAT, n-hicl~ were all a bit old. gave constant trouble 
;md erentually two became 3rd line. I t  n-as unfortunate that  ve11ielc.s were riot all of the same type, as this 
woul(l have meant not only an  increase in spares issue, but easier cannibalisation. One Pordson brcoume a 
casualt)- in the first month on account of a damaged cranltshaft and \ \as towed for the renmainder of tlie trill, 
:L.S a reserve pctrol tanker after being fitted up  with 40gallon tlrnms. !rhe :I-ton Clievs. stood the test remarkably 
we11 as clirl the, n-atrr tanlc ant1 n.rccl;er, and only one :I-ton was evacnatetl to 3rd line in t l ~ c  last weelz. Break- 
tlowns \r-rl.c* mostly on account of spring leaves anrl radi:ltor lealiagr. There was vcry little tyre trouble, a s  
;:I1 vellic~lt~r \r-n,e titted wit11 brand new t,yres wit11 scrratetl rei~iforced tread. Spare t j-rrs were 1)rovided on a 
liberal s 1 1  Onc :%-ton lorry was fittrd u p  as a caravan \vith a spring 1x11, tablcs, chairs ant1 racking, t,he hood, 
sides an11 csntls \\-ere reinforcer1 ~ r i t h  2" thatch hoard n-liich Izcljt out botlm cold and rai11. providing ;~ltogetbcr 
a, most e~,nrfort;rI~. lc lodging. 

26. Health-Medical.-011 t l ~ c  \\-l~ole I~ealtli \\-as very pootl. Apart from t l ~ c  usu;~l nu~imber of temporxry 
~ n i n o r  intlirl~oritions due to changes in \\-eather> there were only "asrs of malaria, olie of broncllitis ant1 ollc 
of ~)nrunmr~nia. :11l ofn-hich werr tlralt wit11 s~~ccessfnlly 1,)- the acco~n~)a r~y ing  RI.0. Medical erjm~il)mrnt, l)rovit!rd 
was ~riost  co111l11etc. ant1 ~ v o ~ ~ l d  ha re  proretl atlequatc for the most serious cnscs of sicliness or illjury. In  
,mint of fact. the M.O. hati yo little t o  do t l ~ a t  ]IC was always overcolncs by the ]nost acute horedom, and it. 
was cluitc often t11:1t 11c fount1 employment in nttention to  the nulncrous local ~ ,n t ients  t ha t  sought his aid. 
I t  \\-as impossil)lc t o  snl~crrise the treatment of drinl;illg water he)-ontl issuing intlividual sterilising outfits. 
and i l l  cons?cluence there \\.pro cpite x few cases of stomach t,roublc clue to the brncliisl~ water ~rlmich was all 
t h a t  n.as ol,tainablc in tlmr clescsrt. portion. I t  \pas also iml)ossiI~lt- to contvol t l ~ r  V.1). position ant1 fi cases 
\verc contractrtl dul.ing tho trip. 

27. Arms-Protection.-Jntrlli~llcc rcl,orts had intlicatetl tha t  thougll local u ~ I ' c s ~  Was always ~ ~ ~ ~ s c ! l ~ ~ ,  
thcbre \ \ a s  littlc ~~ossil)ility of any  esccption:il dist,url)anco tl~roughout the route. particularly if t,here was no 
h t rapp l i~~g  (11. t~ , ;~vc l  at, ~migl~t. ;1nd tllat, there should be freedom from isolated raids with a l ) ~ s s i l ~ i l i t ~  of sonme 
local triI);mI disputes i l l  thc AJaIiran area rcIating to a bIootI fcurI concerning a local chief. KO trouble was 
]net \vitll, c2ven thongll enlall parties t\zitIl :1 or  4 vehicles were often campetl out in isolated areas. I t  had beell 

11ro1)r~~ctl ilt tile corlftxrence in Ragllrlad t h a t  a n  arnlctl esco1.t of a b o ~ ~ t  30-40 rill(.s S I I O U ~ ~  ~ C C O I D T ) ~ ~ ~  the 
srctjorr for gua~,rl tlr~ties and so  release otllers for technical duties. The proposal \vns abandoned b o ~ ~ e v c r .  
whc-n i t  \\.>Is I )~ in tcad  ou t  tllat i t  W;IS desirablc to  licep numbers down, as marc bodies would mean more rations, 

I.ations \roul(l mean m0r.c transport,, more transport more driver bodies, and so 011. Tn the early stagcs 

Lm=ua,& n.crc. mounted every lligllt I,egulilrly hut, foillm(i UnnecesSaTY later. All 1 . 0 . K ' ~ .  \verc armed 

rjflc. anrl I O O  roilncls l)nll : fov(llnxtely, most of tile aninm~lnitio~~ was from the t1,aining allotment and was 
u w t l  c,nly in tilt: ,,Invision of' pzr1le and ibex for t,he mcabless pot. I t  is i l l t e l ~ ~ ~ i n g  to rccortl tha t  thr  no'v 

,,r:~ctie.ally c.xtjrrct wil(l :ISH was ]net with ant1 one shot. 
28. postal,-rrl,o ullit, cllt, o f l .  postally from jJaiforc:c virtually fmrn t ~ ~ c  ( I : I ~  i t  left 13aghdatl. 

j,oHtul ~ ) i ~ ~ ~ t ~ , ~ ~ t ~ ,   if^,^.^^ l la ( l  al.r;lngcd nritlr lllc ~ ~ o s t o l  Uircctorate, .India that  all mail for t,hc 11artY 
1% fr,r-unrtll.(l to thc. n c c c ~ m ~ ~ ~ o t l : ~ t i o ~ l  atltlrcss (:!o 11.31. British (hnsul. Zahitlan, and i t  was collcctc'(l twice 



berow ~ ~ l l i d ~ ~  was rcached. Thcre c3xiuted tho Persian Pout rind Tclngrr~ph service but it wm not uwd on 
mul , t  of security and because English was not rend. An Assyrian interpretor, by name Adam finkhe, 
Lcco,pa~ied the Arction but WHA not put t,o muoh use in this capacity. His trainu~g in the Iraq Levice was 
found of great vlllllc ho\vever, nu he WBR a first class signaller proving n grcat help out on many occasione and 
his mllr;tcy \,.it11 ;L rifle in  hooting tluck and tsvur~ pigeon testified to tho quality of hi8 training. 

29.  
weather.-Thc rrport. by No. 3 Finld Survey Co~npar~y that,, afl n reuult of its experience of the wee- 

$her, ~ ~ t ~ ~ ~ ~ ~ n  was the mont s~~it ;~l) lv  time of the yoar proved only too true, and the sc r ie~  should havo really 
commcllcc,~ 3 e~lrlicr. I t  is doubtful if conditions of vi~ihility rLm ovrr ~ t n b l e  ovev II sufficiently long 

 ding to loct~l inhabit tint^ the weather wa.9 un11~11al during &larch and Al)ril whcn. it wtts said, the 
sun never appeurerl on accor~nt of rain i~nd  cloud, though thrn: way some rain and invariably cloudn after midday 
during the latter hnlf of March. stated plcviously. every ~~orsible  kind of wcather condit.ion was met 
with in a erratic and r~ndc~pentlnblc way and hnmpcrcd the work more drastically ~ , I I I L I I  all other ohutaoles 
combined. I t  was only for very short periods that thcrc was freedom from min, clonrls, wind with a capital 
W, haze or sandstorms, and i t  was always a mnttcr of anxiety and uncertainty as to whether ohscrvatione 

be possible, Tllis often cnt,ailctl climbing a hill two or three times, two hills wr1.c. climbed five times 
a,nd Subedar Quraishi spent 6 clays camped a t  10,000 f(,ot, waiting for clear weather. 'rho only reasonable 
chance of ensuring completion of observations was to  camp on top of the hill, but weather contlitions a t  a 
height of over 10,000 feet a t  night were worse than thc sweat of repeatcd climbing, ever1 tlrot~gl~ the ascent of 
most hills required a mountttinecring sltill of no mean sti~ndard to overcome the obstacles 1)rcscntcd. 

30. Technical.-W]lt'n tho undertaking of thc series was tirst considered the section ~)osaesncd one old 
Wild Universal Theodolite that  had seen better days and long hard service. During 1)relx~rations for the t.rip, 
India ttnd Middlc East were approached for additional requirements. Onc brand new C.T.S. Ti~vistock was 
flown out  from India and one good Zeiss flown over from Middle East. The Tavintock was used almoat 
entirely throughout the series but only because of the estra power in the 11rantl new telescope. Jts ot,hcr 
features in comparison to the Zeiss wcrc not favourrd ; the obtaining of incidcnce of two vertical lines jn the 
Zeiss was preferred to the light gap arrangement, of the C.T.S. ; one cyel)iccc for reading verniers prefcrablc to 
two ; the method of changing zeros more convenient thus making reprat i~nglc mcasurernents quicker 
and easier; the arrangemcnt for cla~nping to the tribach was better t h i ~ n  the sa~.ewing on of the C.T.S. A new 
arrangements of sights on the Tnvistock, consisting of a head forcsight ir11tl Ii~rgc rear 1)ee~)sight was found 
very useful for star observations. 'rhe folding legs of the Zeiss were a hell) during tlifficult rock climbing. 

The completion of 5 zeros of llorizontal ang1c.s ant1 two of vertical a t  each station was aimed at, but 
this was not always possible mainly through lack of time and wcathc~. hindrances. Intcrscctctl points were 
observed to from the first ten stiltions but later abandoned for thc sanw rcasons. 

31. About 5 days bcforc departure from Baghdad, thc chronomctcr asked for from hIiclcllc East arrived 
by air and, after a comparison with time signals, found to be in good condition. I t  was of the sidereal variety 
and from marks of origin appeared to be Italian booty from the Wcstcrn Desert,. Whcn on the move, during 
the trip, i t  travcllcd under the blankets on thc spring bed in the caravan which provided idcal jolt resisting 
conditions. 

32. The Hunter Short Bascs asked for from India arrived by after departure from Baghdad and 
had to be sent out by road to catch up wilth thc section a t  Nain. 'rhc tapes were invar and had been cali- 
brated in Dehra Dfin before dispatch. Unfortunately thc measured lengths of the -1: sections did not, 
accompany, and as it  was not till the 27th March that  they were received, i t  was not possible t,o compute 
bases measured and so provide a check in scale of the triangulation up to that  date. 

The section was equipped with a battery or mains wireless receiver and transmitter which, npart from 
providing the necessary time signals, enabled touch to be kept with the fact that  there was still a war going on 
in other parts of the world. 

33. The scheme did not origiha1ly envisage any planetabling work and though i surveyors formed part 
of the section, i t  was intended that they should only be responsible for helio squads. When the reorganization 
with an advance recce party proved necessary, thus releasing 2 surveyors, i t  was decided to put them on 4" 
recce and correction survey of the route and adjacent country. Their planetables consisted of the existing 

m y ~ s  on Ahmedabadi paper, published by the Survey of India, compiled from various sources snc l~  as route 
reports, traveller's tales and Oil Company prospecting surveys. The pace of the triangulation permitted of 
a fairly useful map being made of the country 15 miles on either side of the route, the two surveyors camping 
together and workillg one to the north and the other to the south, thus covering about 20,000 square miles. 
FiPings were made from local detail. It was first intended that the two surveyors ill adval~ce would provide 
sufficient planetable illtersected points for the use of those in the rear, supplemented by the triangulated points 
after computation, but because of the inability of the surveyors in advance to obtain satisfactory rcsections 
and the strain on my computer to maintain up to date computations of observations after strenuous hill climbing 
and recording, the surveyors in rear were only provided with very limited control. 

MY 0- planetable consisted of 10 f" sheets pasted together and then cut down and across in a SE. 
direction to the width of a planetable, wvith one right angle bend for the last two sheets. This was then made 
into a roll, the two ends of which were kept in a rolled position by string underneath the planetable and nn- 
rolled from one end to the other as the work progressed. The results of the forward recce in co-ordinates were 
periodically convoyed back to me and entered on my p.t. section, thus ensuring easy recognition of the fornard 
stations. 

The only computations done during the trip were those for log sides, bases and triangular error, in order 
to keep n check on any large error which might necessitate re-observation. I t  is necessary for an observer to  
maintain the closest liaison with his computer's work so as to  satisfactorily help in the carlg invcstigatioll 
of any discrepancies that may arise in computations. It is preferablo that  the compnter is zdso the recordrr 
a."d is present a t  all observations in order to record and remember any unnsunl f. acts and conditions which 
would assist in the location of any error produci~lg causes. 

34. Except in a few instances, a reasonable permanency of station marks was ensured by cutting on 
rock in situ, a t  distances and beariug that  were recorded, three arrows pointing towards the mark. These 
records form part of the descriptions of stations whioh will form part of the computcd results of the series 
containing the History Sheet wvith details as to average triangular crror, length ofsidcs, etc. A departure from 



oustornary Survey of India practice in t,he cutting of actual station msrlis was t,he substitution of a T for th 
usual circle and dot, hoping thus to record a modest contribution to Survey by an observer whose name begu 
with T. 

35. Except in the last portion, the factor that contributed more to tho success of the series than any. 
t,hing else was the accessibility of stations rendered by the use of M. T. It mas nearly always possible, b,:, 
clever oombination of camel tracks and skilful cross country motoring to get within reasonable distance' of 
the mnge from where the stat,ion coi~ld be climbed. The discovery of some routes along st,ream beds in namw 
confined valleys. over steep saddles and spurs, and the a.voidance of sand, salt marsh and loam would hbPc 
done credit to  a.ny L.R.P.G. and stresses tho ilnportance of having good M.T. drivers who should also be 
fairly good rnecha~ucs. Anot,her major contributing factor was the independence of the section fro,,] local 
reeources in the form of food, labour, supplies, transport and equipment. The country, cxcept in tile region 
of Kerman, is sparsely inhabited, dry, bare and barren with cxt,ren~cs of heat ancl colt1 and can pl.otlllce 
nothing that can be turned to advant.nge with the exception of petrol and oils. The section was ,,.ell 
equipped and self contained in these respects ; and there is no question t. l~at a job of this nntnre and size worlld 
otherwise have taken several years to  complete. Any detachment employed in this area in the future wo,,ld, 
have to  be similarly well equipped for any work to be possible at, all. I t  will also be essential for an obsemr 
t o  possess a fair degree of mountaineering skill ant1 ability. 1 was fortunate in having had the bellefit of 
nine months experience, with triangulation station up t o  19,000 feet, in the nlountains of pe~,petual snow in 
Chitral and Gilgit, under t,he tuition of the tribesmen of t.hese parts who are excellent mo~rntaineers. A leas 
a,ble squad requires to  be led with experience and confidence to overcome the fear presented by physical 
obstacles a t  great heights. The local Persian is by no means a mountaineer and no help can be expectrd 
born him. 

A great advantage resulted from the inclusion in the section of trailled visual signallers nit11 helio and 
lamp. , The convenience of being able to  comlnunicate with a distant camp or party even a t  night and 
convey an important and immediate change of order or plans oftcn saved a lot of troublr and delay. 

36. While the observing party was engaged in observations on the flanks. the Main H. Q. camp lnoved 
UI bounds and established itself under t,he &I. 0. as near as possible to good water and petrol, and generally 
attended to the details of administrativc requirements snch as rations and vehiclc repairs. One of the biggest 
items was the exchange supply of boots, trousers and gloves of the climbing parties which wore out in an 
incredibly rapid manner, necessitat,ing very frequent replacement. Each member engaged in climbing had 
need to change a t  least 3 pairs of boots. The original issue of boots lracl been a t  the scale of 2 pairs per man, 
but  the second pair was taken anrap from non climbers such as drivers and issncd as necessary to those who 
did climb. A three months reserve of clothing was also carried for replacement. Special minter clothing was 
on the scale of 1 pr. sheepskin gloves, 2 prs. natural grease \roollen socks. 1 pr. snow goggles and 1 leat,her 
jerkin per man, and one flannel lined greatcoat and I pr. Gilgit boots per 10 Incn. 

Tentage used was mostly 40 pounders for case of pitching and ~varmth. 
No wood mas obtainable throughout the trip nncl all cooking was donc on primus stoves for which 

kerosene oil was obtainable in sufficient quantities. 

37. The magnitude of the task was never under estinlated from the start. B very good idea is provided 
by the interesting comparison with the map of England and Scotlanrl a t  the sarnc scale, from which it  mill be' 
seen that  the length of the series was exactly the same length as from John O'Groats to the Isle of Wight. 
The difficulties and obstacles proved much greater than was imagined. I t  resolved into a battle against time 
and against every conceivable kind of obstacle that  Nature could produce in the way of weather and country., 
The completion of the series was almays a matter of the greatest doubt and anxiety and on two occasions the 
abandonment was seriously considered. The successful completion is due, in the main, to the excellent 
co-operation and help of all who formed the party, and in particular, to  Subedar M. Z. A. Quraishi who proved' 
a staunch and willing supporter, to Hav. ( now Jemadar ) D. C. Kuthari an indefatigable and Iceen computer 
and recorder, and to L/Nk. Zarif Khan and Sepoy Qurban Ali for their never failing energy and willingness, 
under the most trying and difficult conditions met wit,h. 













i? 
3 
2" 

Prilllnry 
,, 
,, 

Secondary 
Primary 
Secondary 

Primary 
.. 
,, 

,. 
Secondary 
Primary 

,, 

,, 
,, 

Second~ry  

" 
Primary 

9 ,  

Secondary 
Primary 
Secondary 

Primary 
,? 

Secondary 

Primary 
Secondary 

,, 

., .. 
Primary 

Secondary 
,, 
,, 

,, 
,, 
,, 

., 
,, 
,, 

,, 
,, 
,, 

,, 
,, 
,, 

Primary 
,: 

,, 

Dnte 

18fi.l-67 
1865-73 
1868-74 

1869-71 
1R69-73 
1872-80 

1873-76 
1874-NO 
1875-76 

1876-81 
1878-81 
1889-95 
1936-37 

1894-99 
1895-97 
1 m . l ~  

l899.1!?@2oz? 
& 191516) 
1900-11 
1929-31 

1902-03 
1904-08 
1908-09 

190fl-10 
1909-11 
1909-13 

1909-11 
1910-11 
1911-12 

1911-12 
1911-12 
1911-14 

1912-13 
1912-13 
1913-14 

1913-14 
1913-14 
1913-14 

1914-15 
1913-15 
1 9 1 1  

1916-17 
1916-17 
1925-27 

1927-28 
1927-28 
1927-28 

1928-30 
1929-31 
1931-32 

Tv-inngulation Se~ies 

Nnme 

Jz1bhulpol.e Mel-idional ... 
Madras Longitudinal ... 
Brahvnapzitra Meridional ... 
Coimbntore No. 1 ... 
BilCsprir Meridional ... 
Malabar Coast ... 
Jodhpur Meridional ... 
South-East Coast ... 
Ceylon Branch ... 
Eastern Sind Meridional ... 
Siam Branch ... 
Mandalay Meridional 180-25O ... 
Mandalay Meridi0nal25~-27~ ... 
Manipur Longitudinal ... 
Yakrin Longitudinal ... 
Munilalay Longitudinal ... 
Manipzir Meridionat 

Grent Salween 21'-24" ... 
,, , 20"-21° ... 

Kidarkanta ... 
Kal i t  Longitudinal ... 
"Bnluchistin" (Bannu) ... 
North Baluchistin ... 
Qilgit ... 
Khisi  Hills ... 
Upper Irralvaddy ... 
Jaintia Hills ... 
Bhir ... 
Rinchi ... 
Villupuram ... 
Sambalpur Meridionsl ... 
Indo-Russian ... 
Khandwa ... 
Ashta ... 
Buldina ... 
Naldrug ... 
Niga Hills ... 
Middle Qodiwri  ... 
Kohima ... 
Cichir  . 
Madura ... 
Bigalkot ... 
Rangoon ... 
Kurram ... 
Peshiwar ... , 
North Waziristin ... 
chi thgonK ... 
M~~~ ... 
Dilbandin ... 

of 1880 and 1916. 

6 
2 
2 .- 
c. 

$ 

53 
54 
56 

67 
58 
61  

62 
63(0,) 
63 ( b )  

64 
65 
% ( a )  
66 ( b )  

68 
69 
70 

71 

72(a) 
72(b) 

73 
74 
75 

76 
77 
78 

80 
81 
82 

83 
84 
85 

86 
87 
88 

89 
90 
91 

92 
93 
94 

96 
97 
99 

100 
101 
102 

10:j 
104 
107 

ndjustlllcnts 

Secondary 

d 
;$ 
6 

Secondary 

,, 

,, 
Primary 

1 9  

9 ,  

Secondary 
Primary 

~9 

Secondary 
,, 

8 ,  

Primary 
Secondary 

,, 
, ,  
,, 

,, 
,, 
,, 

~ r i l a r y  
Secondary 

,, 
Primary 
Secondary 
Primary 

,, 
,, 

Secondary 

,, 
,, 
,, 

Primary 
,, 

,, 
,, 

Secondary 

,, 
Primary 
Secondary 

Primary 

,, 
,, 

,, 
Secondary 
Primary 

Secondary 
Primary 
Secondary 
Primary 

,, 

in tho 

and 

Date 

1836-39 
1833-43 
1834-38 

1834-41 
1864-69 
1835-66 

1RA2*3 
1837-39 
1837-41 

1866-74 
186042 
1849-46 

184244 
186647 
1843-45 

184446 
1844-46 
1845-47 

1 8 4 5 4  
1845-53 
1845-48 

1846-47 
1850-51 
1846-51 

1849-.52 
1848-53 
1849-50 
1859432 

184943 
1849-55 
1851-52 

1851-52 
1852-56 
1852-62 

1853 
1853-61 
1853-63 

1 8 5 4 4  
1934-36 
1855-58 

1855-60 
1855-62 
1856-57 

1860-72 

1860-64 
1861-63 

186048 
1863-69 
1863-73 

1864-65 
1864-74 
1876- 77 
1877-82 
1Y3&31 

incorporated 

Primary 

Name 

South pilrasnnt,h Meridional ... ... Budhon Meridional 
AnlCa Me)-idional ... 

... Rangir Meridional ... Calcutta Longitudinal 
~~~~t l r c  Meridionat 24'-300 ... 

) ~ ~ , ~ ~ b ~ y  Longitudinal East of 7? 
w e s t  of 75O 

Greit drc  Me*dional 1@-2d0 ... 

Great Arc Meridional CP-18O ... 
) ,yingi .Meridionat 21°-2.50 ... 

, 19°--210 ... 
) South Konkan Coast 15+0-190 ... 
) ,, ,, 15t0 ... 

Karrira Yeridional ... 
North MalCncha Meridional ... 
Chendwdr Meiidional ... 
Gora Meridional ... 
Calcutta Meridional ... 
South Maltnoha Meridiond ... 
KhZnpisura Meridional ... 
Quvwdni Meridimal ... 

) North-East Longitudinal West of 8# 
,, East of 800 

Hurildvng M e d i o n a l  ... 
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... 
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Abu Meridional ... 
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Jogi-Tila Mendional ... 
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,, ,, 104"-14:" ... 
,, ,, 10"-104" ... 

1 NOTE:-T~\V j ~ r i e s  in italics were 


	HC 1 429_2R.tif
	HC 1 430_1L.tif
	HC 1 430_2R.tif
	HC 1 431_1L.tif
	HC 1 431_2R.tif
	HC 1 432_1L.tif
	HC 1 432_2R.tif
	HC 1 433_1L.tif
	HC 1 433_2R.tif
	HC 1 434_1L.tif
	HC 1 434_2R.tif
	HC 1 435_1L.tif
	HC 1 435_2R.tif
	HC 1 436.tif
	HC 1 437_1L.tif
	HC 1 437_2R.tif
	HC 1 438.tif
	HC 1 439_2R.tif

