
Kod8,kal1lJlOblJ 8ull 581 A (1978) 2. 168-779 

THE ASTRONOMICAL SEEING AT KAVALUR 
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ABBTRACT 

A &umm.rv 0' Obul'lll"lG aondilloni III KUI'.lur ObMrv"0ry 'I prlllltniad The.1I 11I •• le 10 'PIIIDtrolOoplr nnct 
pholonwtrlo O~Ii"'1Ion' .nd 10 'tOting II 'VlllI'lad III 11M 102"'iJm (el.\Gop'. No.rlv f"IY p"'l't.onl of nlghl. nil 
whkJlI aMery.Hon. alln be made IHIVII "011'111 ben,r thon 1.6 arc Hcond. DOlt obeoNlng condltu)n. Ila In thn 

manlh. D.CllmlJor Ie. Api'll when II hl'gh pan:;anll91 of (hi night. Ire 11111.0 pholometrlc Thor. I"!I 'lIOrna corrulliion of 
H8mg With humidity ~ .... ry good eaelng III UIUI.Uy followed by • VI'Y low ground fog thlll 1111. In thll YlliaYI Ind 

rl!lylnlll .round KIIYlllur.nd .aldom reaoho. lhe 10181 Dopa lh.II.IODated ..to mel roe aboVII oround TtI"lI ('ompon.n. 
'Ive"lIppalonllv contnblJl. to ",Ing .Hooilin thll troPIC.. Thlln Iro (1) Ihormlll aUocl .. 11l Iho Immlld,.llvulnIlV 

of 111. IIIOl('opli. (2) 011 Ilyer .. two 10 throe bundrod moluu hlQh whfLh II Ihll plIm,lpdl LonlrlbUIOt lind II ologrllph" 
d.pend.nl. (3) 1 high levol oonlrlbutlon which I, part of II .. I.rue 1(.1111 globll Llrculltlon 

K.y WOld. ..tronomIClI ... lnlJ-IIlB IUlln" 

1 Introduatlon 

The prJn~lpal reqUirements of a aile tOI optical 
observalJons 10 sstlonomy are clesr, dark Dnd trans
parent skies, Wllh good loemg Othel faclors that 
unooubtlldly Inllullnce the 111101 Lholca ara aBse of 
IICC988, svallabJilly of power end water, and the 
Important alppct that toe localJon pose no phYSIO
logical problems to Iha observer, elthal bV vlltue of 
altllude or climatiC rlgour A compromise on thaae 
cllterla, and of locallon, IS gUided by the PUIPOIe for 
which the telescope IS to be used TIm mSln theme 
nallows down the chOice In a lelatlvsly rals situation. 
when alt81l of comparabla quality eXlat In 1882 
N R Poqaon. then GOl/srnment Astronomel at the 
ModraB Obulvstory hed proposed tho locallon of a 
20-1000 telescope In the Palnl Htlla, for making 
obselvotlona of an astrophyslCsl natura Soon 
thaleafter, Michie Smllh earlJad oUI aeslng lesta ot 
both Kodalkanel and Kotagm In 1883 (Smith 1886) 
and 10 1892 (Smith 1892) The deciSion 10 have an 
observatory 8t Kodllkanal devoted 10 aolar phYllCS 
was taken soon aller and tha new obBsrvatory started 
functlonmg 10 1898, An account of atmospheric 
conditions 8t Kodslkenal, eapeclally for obsalVallons 
at nrght, II aummsrlsed by Evarshed (1916)_ 

Expollence al Kodalkanal In the late fJftlu and 
lIarty sixties Indicated Ihat ths total number of hours 

available In S year fOI Btellal resealch rangod from 
BOO to a maximum of 900 Tho woather at KorIalhnRI 
I~ qUllo unpredictable, but there ale sufflclont 111011. 
of good waathel Int9lsper~ed with lonuor s/ll'lI, 01 
poor we ether, when poeelbly lama kind of worll rsn 
be done Howaver, It IS ObVIOU9 that a leleaLOI» 01 
modelate to largo aparlure at Kodalkanal would work 
dt conaldol ably lowel effiCiency, than II would ftl ft 
belle I 81te With thle In mind, a aearoh wo. medo lor 
en Imploved 10cdIJon that would be soulh 01 13 N 
latitude, wUhout glvlOg away the advantag81 of tlta 
loeatlon of Kodalkensl from the stendpolnt of SOIlUIOln 
hemisphere aslronomlcal rel8arch Savoral 1)/81 II 
ware exploreel With thiS POlslbllJty In mind nntlllll' 
extended aeelng tailS of over a yedr, Kavalul, at 
Istllute 12" 344' N, longitude 78° 49 4' E, a1tlllJde 
726m, was choaen al a &Ita for opelatlon 01 a hold 
8taUon fOI stellar research, and where the now 102-cIII 
talascope could be looalad 

2 Chmatology and POlllbl, AI1ronomioai Bit .. 

The gllnaral pallarn of cloudJna88 over Intlle ClII 
be detarmlned from thll climatological dete pubhlhld 
by the India Mlterologlcal Departmant Tha&lIll1dl. 
cate that the mllXlmum cloud frea areal Ire In th. 
Rajasthan desart and thet thll aklBI bacome mOlt 
cloudy alone moves towards the oOllln 01 III, 
Himalayas. The number of chlllr mornlngl 1"11 
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Bvenlngs ave I the clsaleqt rsglons sxcesd 260 In a 
year, while ovsr Ihe oxtrema southern liP of the 
pan Insula, thsse avslaga Iss9 thsn 1 00 d~ys Tha 
psttsl ns 01 VarlSIlOn are Illustrated In figure 1 Ws 
saa that contours of equal frequenciss of clear 
0~C<lb10n8 generally follow tho coastllna cnd ths 
Himalayan belt Thele oro zones of unusual rloudl
neas, partly In Ihe mountain regions, but other thsn 
these, the pattern IS quite regular 

Taking the yoar aa a whole, a location With s 
mll.<lmUin of skies Is obViously deslrabls The extrems 
north-webtaln 10cdIJon has sevalal d,_bscks Ba
bld:a, Ihe latitude of the zone IS lOa high, as a r.sult 
of which ths raglan of Interast In tha aoutharn heml
sphare Will be bayond tha reIch of tho telescop8 
Tho hOrizontal VISibility IS poor and the sklaa ar8 
duety, thus sevelely affecting transparancy 

To be effective In eKpforlng the soulhern Milky 
Way, an observing slat Ion needs to be soulh of atlesil 
latitude 20'N Such a location falls 10 Iha penlO~uler 
pal I 01 Ihe country and the effects of dust blown In 

from the deserts of the wast sre non-sxlstent Regions 
of relatively cloud-flea SklBS fiB along the S88\81O 
slopss of the Westorn Ghats, They slao prev811 10 

tha semi-a lid areas 01 north-waatarn Tamil Nadu 
The cloudlnaas IS more In the extrama southam tiP 
of the peOinsuld, parllcularly In the hilly areal. A 
sultablo compromlso Will then be a ,tallon In tha 10-
to 16-N bolt that IS also far away from the coaallli 
Influence 

Moat of Indld, excaplwg the north weslern 
raglan, IS heaVily under tho IOfluence of the South
Wast Monsoon, when It la difficult to get any 
observable skies durlOg the months of June to 
September In the low latitudes, the nalghbourhood 
of the aest C08st provides some opportunity for 
abtronomlCal obsarvatlon In Flgurs 1, wa nota tha 
prevalance of clear sklea dUling these monsoon 
months and flOd that a relatively olear patch IIS8 slang 
the eeat coast, BOuth of Madrss The Itatlon Vellore, 
for BXample, shows a rather unusually large numbar 
of claar mormngs during this period This factor had 
Influanced us In the chOice of Kavalur (60 km loulh 
of Vellors) ovar a decade ago, when wa selected the 
site for the 102-cm telescope The clear nlghta 10 

July and August prOVide an opportunity to work on 
tha galactIC centre E8 well a8, much of Centauru8 
These nlght8 als by no mean8 n numerous sa clear 

mghts are 10 wlntsr time, but they atlesst provide 
lome opportunity fOi examining a very Impoltdnl ersa 
of the gelaxy and which celtalnly Lannot be done by 
virtue of cloudy westhol Irom the northern latlludll 
In thiS country These argumenlb IIlfluancad our 
saarch fa, a alte for the prop08ed 234-cm raflector, 
to be conflOed to the eestern slopes of the Weatern 
Ghsts or 10 the Isnge of hills f,am Madanapalls 10 
Salem In partlculdr, extended soelng tests ware 
made at two locatrona, Seksnog~le (lot 13'30' long 
74"60', ail 1221 m) and Horlley Hilla (Iat 13'30', 
long 74"60', ail 1262m), belOie It WBS deCided thai 
Kavelur would be the site of the 234-cm telescope 

Our f,rat aurvey of posslbla 81tes for the 234-cm 
tslescope covered most of the country from Cape 
Comonn upto Pechmarhl (lot 22' 28', long 78"20', 
alt 1076m) which lisl on d platesu of tha Satptlra 
range of hills In ths midst 01 good Jungle growth 
As a baals of compdnson of general charactsll8t1CS 
01 the Himalayan foolhilis we have usad the pubhahed 
information (Bappu 1960) portaliling to obserYlng 
condltlon8 at Nalnl Tsl (Iat 29'22', long 790 37' 
elt 1927m) 

IllS common expellence that claar Sk'BS sfter the 
South-West Monsoon prevail over centlsl India by 
Ssptembar, thus prOViding October to ba one of the 
bsst montha for sstronomlcal work 10 northern Inelia 
Almost Simultaneously thiS ares 01 cledr sklas pro 
gresses to the aouth along a narrow corrrdor that 
covers Poona, Penchganl, DheIWal and the VICinity 
of Shlmoga We ware Intel ested In determlnlOg 
whether the elfects 01 the corridor of claar wallher 
would be felt et Sekenagare Simultdneoua waather 
obaervatlons nsar thiS location and Kavalur showed 
that Ihe two atallons, dunng the test pelled, had 
Ilmller characterlltlci 

Howevar, When sklss are clear In the regions we 
Ixplorad fllr pOSSible astronomlcsl 81te8 uplo 
Pachmarhl, we rdn Into tha common difficulty eaan 
allover the Gangetic PlainS, of a strong ground haze 
under parlactly cloudlesa sklaa The hllels a BarlOUS 
handicap to goad transparency Thrs was aD In the 
Aurangabad plateau and In the Pdnchganl arel 
(alt 1270m) 

A site of much promlae In central Inelre IS 
Pachmarhl This loc8110n, Irke the foothill of Iha 
Himalayas, hal heavy ralnB during tha South Wql 
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Monloon, but has moltly c1esr 81u8s tha reat 01 the 
vesr Pt II also on the pSrlphery of the dust bllt of 
northern India ItB locstlon far away from Indu.tll81 
activity and larga CI\lSS mdkel II e potent lsi aile for 
lIatronomlcal aOllvlty of tha futurs Sellng muaeurea 
mad" at thlalO(Jallon for a .hort dUldlion rnd.catsth" 
poallbllllY of e good perionnanc8 on this aspect 

3 Obaervrng Condltlona at Kavelur 

In Table I, W8 prseent dale on oburvlng condl
lionl at KaYalUr a8 extractad from Ihe log bookl of 
the 102-cm reflector Each yser elf observation has 
3 oolumn., thefrrst glvmg the numbarof houra whsn 
the apsctrograph ...,sa used or could have baen uud. 
The aecond oolumn Indloates the numb91 of hours 
when photomatry could have been done ThiS IS 
baa.d on 9ltlmate. by tha observel, of trensparancy 
durlOg the night Thl lelt of the thlee column, glVS8 
the numbar 01 100 pDr cent cisar nlOhlS Such s 
night II deflnad alone of nrna hours duration whln 
work wao poaa.bla Ind the olouds much less than 3 
octas The aversge number of apactrolcoplC hours 
Is about 1642 with 62 per cant permlltlOg photomatry 
The average number of 100 per cant claar nights la 
124 II la olinteresl Ihat dUling the pallod January
Apnl whsn akle. arll Yllry claar, the pareenlege Qf 
pholometrlo nights II oven larger then tha value glvan 
abova. 

Sealng observation8 have been made at the f 02-
em reflector althar wllh tha spectroglaph alit Width 
a8 a reference lOde)! or at the 20 cm gUide teleSCOPe 
with liB facility of engular mauurement With few 
lu!}aaa. thaae erB avarlable SinCe 1973 at Kavulur 
The dots Irom tha observer's log book al8 plotted for 
aach night Figure 2 10 a sample pege of saemg 
plots from whloh the eyerege sBelng for the night Is 
danvad Thase data 81e plotted aa hlltograma for 

aach month Figures 3-B show hletoglams coYerlng 
a five year pellod of observation at Kavalur 

Walksr (1971) haa almllar hl8tograml derived It 
80me vary well known a.tronomlcal 0lte8 hke Cerro 
Talala, Kilt Puk and Flaqstaff Some sahent features 
of a compallson of Figures 3-6 wllh the Walker dl8-
grems ara (1) that saalng dlamatars of 6 to 7" sean 
It othsr SI\SS have not boen soen at Kavalu r evon 
during tho Soutn-We,t Mon&oon penod, (2) thll 
Kavalur has a very hloh percenlage olliS nights Yield 
avalage soalOg 01 a se~ond of el~ or batter Thl8 IS 
baet saan 10 Table 2 whele tha numbel of nights In 
eny ssamg lanoe la explessed as a pelcentaga of Ihe 
t01e1 numbor of mghte obselvad The number 01 
nrghts on whl~h obselvallona hava bean made are 
comparable In the CBse of Talala, Junrpero Serra, 
Kitt Paak IlOd Kdvalul At 101010, Jumpalo Serra and 
Kavalur tha sellng la baller than 2 erc saconds for 
nearly79 per COlit of the 11m. On. cen contrsRt thll 
With a very acllve site Ilko Kltt Peak Which has a8elng 
better than 2 erc seconds for only 39 per centef tlma. 
Flsgsl.ff which IS well known tal Ita long effort 'n 
planetary studlas hu seall1g Infellor to 2 alc 88conda 
fOI 66 pel cenl of the time ThiS compallson ahows 
thst the sealng at Kavalur IS a& good as that prove'ant 
at soma of the top class slles 111 tho world 

An Intereetlng aspact of Kavalur'l leelng Ie that 
II m81ntSinS I\a quality over most of the yaar In 
Table 3 wa camper. the yeally velues With thoao oVllr 
the SIK month Inlerval December to May when mini
mum cloudiness prevails Such 0 situation ansuras 
thst whan the weather IS conllnuously good the 8B8-

Ing IS also good and thiS contrlbutea to offlclent 

observing 

BallHl1ICII 
PelNniege of obtl.r'lfd nUIIU. with .Y.~.~ •• I~d~d To,,1 Nb Dr 

lDo.lh:m DbJ.rwd < 1 0- , '·110 1 S· 110 ,.20' nlghll oburvod 
1 8' 20' 

--._--
TolDlo 070" 24 32 22 22 808 
JunlptllD Slrr. 015-' 28 38 13 23 859 
Kill PNk 0711" 18 30 la 30 253 
Co nary lol.ndo 60 28 ,0 II 38 
Bon Pod,a Mlrttr o 7B" 16 26 17 42 82 AI_" 1 0" , 8 29 a8 80 
K ... lur o iii·' 247 304 23.4 21 B 781 
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Tobia 3 Comp.rllon 0' InnLJ.I1 lverlgll IiMMImg with v.lull 
obilined In Ihe penod DlIQlmber to M.ay 

Totl' Plr canl ObNI'Y«I ------
"umbli' <. I 0" 1 1 10 1 8 10 > 2 0' 

01 nlllhlS 1,S" 20" 
------- -------

AverllQa for 12 

monEM 7S6 247 304 234 218 

8 month penod 
0110 to MIY &68 247 31 8 22,8 207 

4 Tranaparanav 

The law latlludo of Kavalur mlnlmlz&e all paasl
billty of largescale duat bamg brought m by 811 
cllcul81lon from deserta at grlllll distances In fact 
on Bevelal oocaalon8 In Saptamber and January. 
coronal akles In the day time h8V9 baan saan ot 
Kav91ur 1 hiS la aUrprlllng, Ilnce the altllude IS only 
726 m Bul II Ie ploof of the abasnce of dual thaI la 
typical at the higher httlludea In thiS country A 
oontl1bubon to extinction from asroooia I. unavoidable 
Pllnclpelly because of Kavalur'e locetion In Icrub 
Jungle that 18 lar away from the 198 ExtlncllOn 
valuN obtamsd with 8 spacUum scanner follow the 
pattern K - 0 014 IC4 

Kovelur 19 alao locatad far away from 81Ztllble 
towns thet 10 tha years to come coukl offal tha 
!hClasSlng huzard 01 City hghts Sky bllghlnaaa 
measuremants messurad photoalectncally With 8 
pulse counting photometal on Ihe 102-cm tale scope 
mdlcate 8 bnghtnaea value of 20.93 mag (arosoc)-J 
through a V flltar at the zentth 

6 A dllclIS8lOn on _ng 

We have made a comparative study of 8Iemg at 
Kavalur and other 81tas 110m the dala of Table 2 
'{he dala for 811el other than Kovalur ara those pro
Vided byWalkar (1971), Mclnnee and Walker (1974). 
~nd have baan obtained by Walkar's IlItIlng mont tor 
of 15-om aperlUre The Kovalur observallons ale 
~rmolpally elllrectad from tha lecolds of the 10l-cm 
talascope Aboul eighty per cent of thllso values 
ongmata from the obssrvers eilimats of Image dla
metar with the Width of spectrogreph alit of known 
dlmanalons and compalabl. slza Smca eellma 
mOnitors of portable BlZeB are utilized 10 eatlmate 

• e emg qualiuBI of Sllel fOI looaling modsrale to large 
aperture telescopel, one can hardly deny the greatar 

reliability of a valus whon ths eeemg esllmale 18 
made with tha largs tslss~ope Itaelf Under thelll 
ClicumatenceB, a comparison of the Kavalur por
farmance With that of some of ths established Oood 
81tee Ie Indaod very favouloble The lost column of 
the tabla Indlcetes the large lime mtolval covered.nd 
hence the fact thaI It IS ~ aUblamsd parformance WIth 
good rep.atdbliity from vadr to YSSI 

Tha 102-cm lalescope IS located In a tllonlum 
OXide painted dome and tower at a heIght 20 mat rei 
above Ihe surloundlngs The Improvement In aeelng 
by virtue of the height la qUlle markad, wa reach Ilul 
conclUSion on ths ba818 01 slmullaneous 88Sl1g 
observatIons made at the 102-cm telescope ftIld a 
eO-cm telascope al glound leval 

Walker (1971) concludoq flom hiS studies alono 
tha West COdat of the Narlh and South Amencan 
Lonlm anls thet 81tal lora tad on Isolatad mounlaln 
peaks nser cossts thaI have cold currants 011 _hall. 
or Isola led loc8tlona In cold oceen., provide the beat 
.eslng Whlla thla IS trua fOI the hmlted eltss he h88 
exsmlnad. wo nota that comparable 8aolng SKlat •• 1 
many 8IIee Ihat hsvs no cold oceans In thell VICInity_ 
The west caaat of Ihe Indlsn peninsula hardly has Ihls 
qushflcatlon and Kavalur IS very much Inland with a 
ring of hills alound It that are about a thousand fllBt 
hIgher Also of conslderdble mter8s1 la the raporl 
by Pickering (1919) 01 8gemg conditions 111 Jamllca, 
Good S98lng prevails at many places In the troplca It 
811es near the ocaan or far from It, and which Ir. 
moatly govarned by tha genllal orography of the 
loclnon The spalll 01 high quality seeing al KavaJur 
ara u8uallv followed by a 118e In lelatlve humidity and 
the Ippearance of a low level ground fog This would 
aeem to Indicate a prinCIpal role of minimum dIlIU!
bance. In a layar ncthlgher than two or three hundred 
metras above tha telescope Thl ea component layers 
may then be 8ald to ccntllbut& to seeing ef/ecls In 
Ihe troPICS, (a) thllmmadlate VICinity ollhe tllaBCOpa 
whare tha bad effecls are redUced by lociling tI1a 
telelcope at a helghl sbove the ground and by proper 
thermal ohalacterlstlcs of the doma and obseMng 
area, (b) a layer three hundled mella8 high which II 
tha prinCipal per/onnar (c)ths high levil atmOlphera 
that II pall at the lalge-scale global olICulallon, 
The flrat contributor II controllable. tha 88cond cen 
be saIl chad for:whlle the third hab to be acclPted 
for what II IS, We. tharetole, knowso little on whll 
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characterizes good aaalng, thlt the belt approach to 
choice of a good Iita stili continues to ba ona of 
tedlou8 saarch, praferably with a taleacope 60 to 100-
ema aperture, 
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