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THE ASTRONOMICAL SEEING AT KAVALUR

M K V BAPPU, § MOIIIN, and K G UNNIKRISIINAN

ABBTRACT

A summary of obssrving aondiona at Kavalur Observatoly e presented Thess r1elate to speotrossopir and

pholomaetrio obswvailons and to soting es avalusted at the 102-0m lslescops,
whioh obesrvaiions can ba made hava saming better than 1.6 arc saconds
months Degsmbor 1o Apnil when a high parcentage of the nighte are alee phelomeirio

Noarly filly pefeonl of nighte on
Bost obaorving condilions aro |n thn
Thars 19 3ome cojrelation of

saeing with humidity , vary good saealng 1a veually followed by a very low ground fog that hills in the valleys and

ravinea around Kavalur and seldom resahos tha tolsscope that 18 jogated 20 malros abova ground
Iaysre appsaiently contnibute to sesing effoots in the tropics

Thres campoilant

Thesa aro (1} thermal olfects 1n tho immeadrate vit inny

of lhe telascops, (2} a Imyer. two 1o throe hundred mehias high which 1a tha principal ontributor and s orography
dependent, (3) a high levol aoninbution which [s part of tha Isrga scalo global uirculation

Koy woide  sstronomical sssing — aite tsating

1 Introduation

The principel requirements of a eile 101 optical
obeervations in aationomy are c¢lear, dark and trane-
parent skias, with good seeing Other factors that
undoubtedly influanca the final ¢hoice ere eese of
accesa, avallability of powar and watar, and the
important aspect that the localion pese no physio-
logical problems to the obsarver, eithe: by virtue of
altitude or climatrc rigour A compromise on thasa
ctitaria, and of lacation, 18 guided by the puipose tor
which the telescopa 18 to be used This main themse
narrows down the choice in a ralatively rare situation,
when sites of comparable quelity exist In 1882
N R Pogson, then Govarnment Astronomer at the
Mnodraa OQObseeivatory had proposed the localion of a
20-inch telescope In the Palni Hills, for making
obssivations of an estrophysical neture  Soon
theieafter, Michie Smith canied out seeing tesla at
both Kodaikanal and Kotagin in 1883 (Smith 1888)
and in 1892 (Smrth 1892) The decizion to have an
ocbservetory at Kodakanal devoted to solar phyaics
wvas taken soon after and the new observatory started
functioning 1n 1888, An account of atmospheric
conditions at Kodarkanal, aapecially for obsarvations
at night, 18 summariasd by Evershed (181E),

Exparience at Kodmkanal in the lsle fifties and
sarly eixties Indicated that the total number of hours

avarleble 1n a yeer foi stellai reseamich rangod from
800 to amaximum of 800 The woather at Kodaikanal
19 quto unpredictable, but thera aie sufficiant &palle
of good weathel inteispersed with longor spelly ol
poor weather, when possibly some kind of work can
be done Howaver, 1t 1s obvious that a (elescope ol
modetate to largo aperture at Kodaikanal woulil work
dt considoiably lows: efficrency, than it woulc al a
betler site  With thia in mind, a search was made lor
an impioved location that would be south of 13 N
latttude, without giving away the advantages of \lig
locatton of Kodalkanal from the standpoint of southorn
hemisphere aestronomical research Sevoral placas
were axplored with this possibility in mind and aftar
extended sseing teats of ovsr a yaar, Kavalur, a|
latitute 127 34 4' N, longitude 78° 49 4' E, altiludg
726m, was chosen as a site for opeiation of o halq
stalion fo1 steller ressarch, and where the now 102.6m
teleacope could be located

2 Clhmatology and Possible Astronomloal Bitay

The general patlern of cloudinesa ovar India can
be determined fram the climatological data publishag
by the India Msterological Department Thase mdi.
cate that tha maximum cloud free areas are In thy
Rajesthan desert and that the ekies bscoms more
cloudy as one moves towerds the ooeah 0! (hy
Himelayas. The number of clear morninge aig
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eveminga ovel the cleaigat regions excesd 260 in a
yvear, while over the oxtrcme eouthern tip of the
peninsulg, these aveiage lesa than 100 days The
patteins of variation are fllustrated in Figure 1 We
ses that contours of equal frequencies of clear
occasiong generally follow the coastline cnd the
Hmmalayan belt Theaie are zones of unusual cloudi-
nass, partly in the mountain regions, but other than
these, the pettern 18 quite regular

Teking the yoar as & whole, o location with a
maximuin of skies 1s obviously desirable  The extreme
north-wesiein location hes esveial diawbacks Be-
sid:s, tha |atituds of the zone 12 Loo high, as & result
of which the region of mlerast in the southern hami-
aphere will be beyond the reach of the telescope
The hornizontal visibility 19 poor and the skiea ars
duety, thus sevaiely affecting transparency

To be effective in exploring the soulhern Milky
Way, an obsarving station needs to be south of atieast
latitude 20°N  Such atocation tfalls in the peninsular
pait of the country and the effecta of dust blown in
from the deserts of the west are non-extatent Regions
of relatively cloud-frea skies he along the eastern
slapes of the Westorn Ghats, They also pravsil n
tha semii-anid areas of north-western Tamil Nadu
The cloudiness rs mors in the extrems southerh bip
of the penineula, particularly in the hilly areas. A
suitabla compromise will then be a station in tha 10*
to 16°N belt that is aleo far away from the coaatel
influence

Most of Indra, excepting the north western
rogion, 18 heavily under thoe influence of the South-
Weat Monsoon, when 1t 8 difficult to get any
obgervable skies during the months of June to
September In the low iatrtudes, the neighbourhaod
of the eest coast provides some opportunity for
astronomical obaervation in Figure 1, we notg the
prevelancs of clear skies during thess monsoon
months and find that a relatively olear patch lies along
the east coast, south of Madras The station Vellora,
for example, shows a rathcr unusually largs number
of elear morninga during thls period This factor had
tnfluanced us In the choice of Kavalur (60 km south
of Veilora) over a decade ago, when we selacted the
site for the 102-cm taleacops The clear nights in
July and August provide an opportunity to work on
the galactic centre es well as, much of Centaurus
These nights aie by no means s numerous ga cloar

nights are in winler time, but they atleast provide
same opportunity for examining a very impolidnt ares
of the galaxy and which ceitainly cannot be done by
virtue of cloudy weatha) from tha northern laiitttdes
in 1his counlry These arguments nfluenced our
search foi e site for the proposed 234-cm reflector,
to be confinad to lhe sastern slopes of the Waslarn
Ghels or in the range of hills fiorn Madanapalla to
Salem In particular, extended soeing teats were
made at two locetions, Sekanagete {lat 13°30’ long
74°6Q', alt 1221m) and Horalay Hilla (lat 13°30",
long 74"60', alt 1262m), bafoie it was decided that
Kavalur would be the site of the 234-cm telescopa

Our first survay of possible sites for the 234-em
telescope coverad most of the country from Cape
Comonn upto Pachmarht (lat 22°28', long 78726°,
alt 1076m) which lies on a plateau of tha Satpura
range of hills 1n the midst of good jungle growth
As a basis ot comparigon of general characteristica
of the Himalayan foothills we have used the pubhshed
information (Bappu 1960) pertennng to obsarving
conditions at Naini Tal (lat 28%22’, Jong 79°37
alt 1927m}

It 1s common expstience that cleer skias after tha
South-West Monsoon prevall over cenlial Indla by
September, thua providing October to be one of the
beat months for astronomical work 1n northern India
Almost simultaneously this aree of claar skles pro
gressas to the south slong a nerrow corridor that
covera Poana, Panchgeni, Dharwar and the vicinity
of Shimoga We wera Intaieated in determining
whether the effects of the corridor of clear wealher
vwould ba felt at Sakensgera Simultansous weather
obeervations near this location and Kavalur showaed
that the two atations, during lhe test pericd, had
aimilar characlaristics

However, when skise are clearin the regions wa
explored fer possible astronomical sitas uplo
Pachmeihi, we rdn Into the common difficulty aesn
ell over the Gangetic Plains, of a strong ground haze
under patiectly cloudless skies The haze e a serious
handicap to good transparenoy Thts was a0 In the
Aurangabad plsteau and in the Panchgean! area
{alt 1270m)

A ste of much promise In central India 18
Pachmarhi  This location, like the foothill of the
Himalayas, has heavy rains durlng the South Weast



Table 1. Observing condrtions st Kavalur

1873 1974 197% 1878 1977
Hrs ot Hrs of Cilsar Hrs of Hrs or Claar H3 of Hrs or Clsar Hrs o1 Hme of Clear Hrs of Hms of Ciea-
spec phot nighrie spec phot nights spec. phot.  mights apac phot nglrs 1pec phot mights
sky aky 100%; sky sky 100%, sy sky 100%, aky aky 100%, sky sky 1007,
Jan 232 182 3 288 %5 30 207 108 18 138 78 10 288 138 1]
Fab 228 187 1z 220 188 22 208 121 17 231 178 3 185 28 12
Mar 270 234 28 223 113 -] z75 210 24 270 244 25 214 125 19
Apr 198 52 12 240 77 22 270 188 24 171 B4 " 164 42 12
My 122 70 12 123 41 10 103 30 7 137 61 [ 90 22 4
Jun 32 10 1 -] 8 5 41 8 3 32 26 3 43 8 2
Jut 43 4 0 2 8 1 19 4 1 11 0 )} 57 0 2
Avg 59 27 k| as 13 1] 23 0 3 24 0 0 29 b 1
Sep 45 16 4 46 10 3 43 o 1 81 18 2 67 6 1
Oct 54 14 & ar 81 7 33 1 04 59 7 85 45 8
Nov 162 ag 12 170 107 18 108 = 10 50 16 1 as 5 2
Dac 133 52 11 207 1125 20 138 52 10 141 as ) 208 8 15
Annual
Total 1485 aes 130 1787 1034 87 1479 754 119 1448 835 100 15186 521 104

Msan Valuss  Specrrossopic hours = 1542
Pholomeir o houms
Qlaar nigh*s of nins

how obsarvetion
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Monaoon, but hes moatly cieer skres the Test of the
vesr M 1a algo on the periphery of the dust belt of
northern Indre  Its location far away from industnial
activity end large citres makes 1t 8 polantiial aite for
gstronomical activity of the future  Se#ing measures
made at thia [ogetion for & gshort dujation indicate the
poesibility of a good psrformance on this aspect

3 Observing Conditions at Kavalur

In Tabla 1, we prasent data on obssrving condi-
tiona at Kavalur as extracted from the log books of
the 102-cm reflector Each year of observetion has
3 aolumns, the firat giving the number of hours when
the spactrograph wes used or could have been ueed,
The second golumn Indioates the number of houras
when photometry could have been done This 1s
based on astimates by Lhe obasrve, of tranaparency
during the mnight The last of the thiee columns gives
the number of 100 per cent clear mghts Such &
night |s defined as ons of nine houra duration when
wark yves posalble and the olouds much lees than 3
octes The average number of apectroscopic houre
|8 abaut 1642 with B2 per ceant parmitting photomatry
The avarage number of 100 per cent clear nights Ia
124 It 1a of intarest that during the peniod January-
April when akies are very clear, the percentaga of
photometrio nights 18 sven larger than the value given
above.

Seslng obssrvatlons have bean made ai the 102-
cm reflector sither with the spectrogiaph shit width
as a refarence index or at the 20 cm guide telescope
with ite facllity of angular measurement With fow
lapaen. these are svelable snce 1973 at Kavalur
The data from the obseerver's log book aie plotted for
sach mght Figure 2 18 & sample pege of seaing
plats from which the average sesing for the night 1a
derived Thaee data are plotted as histograms for

each month  Figures 3-8 show histogiams covering
a five year pariod of observation at Kavelur

Walker (1971) has similar histograma derived at
soma very well known astronomical sites ltke Cerro
Tolola, Kitt Paak and Flagstaff  Some salient featuras
of a compaiison of Figures 3-6 wilth the Walker da-
grame ars {1) that sesing diametera of 6 to 7° saan
et other sites have not been soen at Kavalur even
during the Soutn-West Monsoon period, {2) that
Kavalur hes 8 very high percentage ol its nighis yield
svelage sseing of a aecond of ai. or better This 18
best aeen In Teble 2 whete the numbe: of nights In
any sseing 1ange 16 expiessed a8 a peiceniage of the
total number of nights obaeived The number of
nights on which obsaivationa have been made ara
comparabla in the ceae of Tololo, Junipero Serra,
Kitt Paak end Kdavalui At Tololo, Junipato Serra and
Kavalur the seeing 18 belter than 2 arc seconda for
nearly 78 per cent of the time  One can contrast thia
with a very active site like Kitt Peak which has seaing
betiar than 2 src seconds foronly 35 per cent of time.
Flagatcff which 18 well known foi its long effort In
planetary studias hes seaing infenor to 2 aic seconda
fo) 66 pe! cent of the time  This companson ahows
that the seaing at Kavalur 1s as good &8 that prevelant
at some of the top clasa ailes in the world

An nteresting aspect of Kavalur’s pseing 18 that
it mamtaing ita qualily over moat of tha yaar In
Tabla 3 wa compare tha yeaily values with those over
the six month interval Dacember to May when mim-
mum cloudiness prevails Such o situation ansuras
that when the weather 18 continuously good the see-
iIng 19 also good énd this contributes to officient

obsarving

Table 2 Peroenisge of obsarved nlghts with different valuss of seeng

Percantage of obssrved nights with averago 198ing as indloated

Baal vesing Total No of
Locatlon ohaerved <10 11710 18% to >20° nights obsarved
18 20"
Talolo 070 z4 32 2 22 Boe
Junlparo Sarra 05" 28 38 13 23 ]3]
Kitt Paak Q78 18 30 10 3e 283
Canary lalands 60 20 10 1" 38
Ban Padro Martlr Q78" 18 28 17 42 az
Flagstaif 10" 1 ] 29 on 80
Kavaluy 0 B 247 304 134 218 198
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OF NIGHTS

NUMBER
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Flg 3 Histograma of Kavelur seeing
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NUMBER OF NIGHTS
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Table3 Comparmon of annusl average eeting with valusn
obtained In lhe penod Dacamber to May

Total Par cant observed
number :I-—U' 11w 18l >207
of nighls 1.68° 20"
Average for 12
monthe 786 247 304 214 218
8 month penod
Dsa 10 May Bea 2417 318 22,8 207

4 Transparanoy

The low latilude of Kavalur mimimizes al] posel-
bility of largescale duat baing brought in by aw
chculation from deserts at great distances In fact
on aevaral occasions In September and .January,
coronal skies In the day time heve bean ssan ot
Kavalur This 18 surprising, ance tha altitude 1s only
726m But it 18 poof of the absence of dust that is
typicel &t the higher latitudee In this country A
oontrbubion to extinetion from earosols 1s unevoidable
principelly because of Kavalur'a location in scrub
jungle that 19 far away from the sea Extinction
values obtainad with a spectrum scanner foliow the
pattern K = 0 014 p™4

Kavalur 19 alao located far away from gizeable
fowna thet in the years to come could offer the
increasing hezard of ety hghta Sky brightness
measurements measured photoslectrically with e
pulse counting photometer on the 102-em telescope
indicate & brightness velue of 20.83 mag (arosec) 2
through a V filtar at the zenith

6 A discusaion on sesing

Wa have made a8 comparaiive study of asaing at
Kavalur and other sites fiom the data of Table 2
The data for gites other than Kavelur are thoae pro-
vided by Waiker (1971), McInnes and Walker (1874),
gnd have baen obtalned by Walker’s sseing momitor
of 16-cm aparture The Kavaiur ohaarvations aie
ﬁrmmpally axtrected from the 1ecords of the 102-cm
telescope  About eighty percent of these valusa
originate from the observers sstimate of image dia-
meter with the width of spectrograph alit of known
dimensiona &and comperable size Since sesing
monitors of porteble sizes ere utihzed 1o estimate
aoeing qualitiea of sites for locating moderate to large
aperture telescopea, one can hardly deny the greater

M. K ¥, Bappu, 8 Mohin, andK @ Unnikrishnan

reliabity of a value whon the sesing estimale la
made with the large telestope itself Under these
clicumstances, a comparison of the Kavalur per-
formanca with that of soma aof the aestablished good
aitea 18 indeod very favourable The lest cofumn of
the table indicatea the larga Lime intarval covered amxl
hance the fact that it 16 a sustained performance with
good repuatability from year {o yeat

Tha 102-cm teleacops 18 located In & titanium
oxide painted doma and tower at a height 20 metrea
sbove the surioundings  The improvement In Besing
by virtus of the height 1a quite marked, we reach thig
conclusion on the Dbasis of simultaneous sesmg
abaarvations made at tha 102-cm telsecope and &
80-cm telescope at giound level

Walker (1871) concludoes fiom his studies afong
the Wast Caast of tha North and South Amarcan
contin enie that aites locatod on isolated mountan
peaks neer coasts that have cold currenta off shore,
or 1solated locationa in cold oceans, provide the bast
soslng While thia s trus for the limited aitea ho has
examined, wo note that comparable seelng oxists at
many aitea that have no cold oceana in therr vicinity.
The west coast of the Indian peninsuia hardly hes this
qualification and Kavalur 18 vary much mnland with a
rng of hilts around 1t that ara about a thousand faet
higher Also of considerable interest 18 the rapornt
by Pickering {1913) of sesing conditions in Jamaica,
Good sesing prevails at many places in the troplcs at
slles near the ocaean or far from it, and which are
mostly governed by the gensial orography of the
locatton Tha spells of high quality sesing at Kevalur
are usually followsed by & 11ae 1n ralative humidity and
the appearance of a low leve! ground fog This would
sosm to Indicate a prnopal ol of muuimum distur-
bances in alayer nothigher than two or three hundrad
metres above the telascope Thiee componsnl layers
may then be sard to contilbute to seeing seffects In
the tropics, {(a) the iImmadiate viainity of the telescope
where the bad effecta ars reducsd by locating the
telescope at a height above the ground and by proper
thermal oharacteristica of the dome and obsenang
area, (b} a layer three hundied metiea high which is
the principal performer (c) the high level atmosphare
that ls pait of the large-acale globel oirculation,
The first contributor 1 controllable, the sscond cen
be esaiched for,'while the third hes to be accepied
for what it 18, Wa, therefoie, know go little on what
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characterizes good seeing, thai the bast approach to
choice of a good site still continues to be ona of
tedious search, preferably with a telescope 50 to 100-
oema aperture.
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