- LTHOUGH scientists of the
highest calibre have adorned
. the Indian scene, instrumenta-
ion work, in general, was neglected
w.our researchers. This occasioned
he remark by the eminent astronom-
r Harlow Shapley that, while India
as produced the most brilliant
ninds in astrophysics, her observa-
ional facilities are practically nil.
In astrophysics at least, the situa-
ion should, change with the commis-
ioning of the new 2.34 m. telescope
it Kavalur in the next few weeks.:
Professor 1. C. Bhattacharyya,
Director of the Indian Insttute of
Astrophysics, Bangalore, - discusses
his new, powerful tool for resear-
shers in an exclusive interview.
Dr. Bhattacharyya is also a co-
discoverer of the rings of the planet
Uranus, a major discovery for which’
@ section of the western scientific
comminity was unwilling to give
credit. : i
" The idea that other planess,like
Saturn, could also have a ring system
was not altogether new. In. fact,
scientists like Bibhas Dey of the
Planetary Science Institwse, Houston
(US), had urged the need for sear-
ching for ring systems around the
outer planets, but their views were
brushed aside by other scientists who
claimed, on a priori grounds, that
other planets could not have. ring.
systems. )
" They were proved wrong on the
night of March 10-11, 1977, when.
Uranus occulted a rather faint star,
SAO 158687.. An occulation is qni
obscuration of one heavenly body by

another, .a rather rare astronomical
event, like a total solar eclipse, which
while lasting only a few momenis;
yields more ‘information”than years:
of observation. _

India was considered to be the best
location’ for the observation of that
particular occultation. Dr. Bhat-
tachayya’s  team ~ planned - the
observation from._the 40-inch tele-

.scope at Kavalur,

The closest approach of Uranus to

‘the star was expected at 21 hours

Universal Time (02.30 1ST). The
team centered Uranus on the di-
aphragm of the telescope at 01.00
hours and started continuous record-
ing by 01.30 hours. This was a rather
early start, but it was expected that
the " occultation would be a very
shallow one, and for detection of the
“dip” in the photoelectrical record-
ing, the performance and stability of
the whole ‘recording system.should
be well determined.

- The trace of the record was level,
with the usual “noise” (due to ex-
traneous sources) superimposed on
it. After abaut 20 minutes of record-
ing, a young man, Kuppuswamy,,
noticed the recorder pen dip to a new
position. Looking through the eight-
inch.. guide " telescope,  Dr, Bhai-
tacharyya saw:the disc of Uranus,

but the star had disappeared. It was,

missing’ for nine seconds of time,
after which it reappeared suddenly.
Visually, this was -the only event
detected, and indeed il was the only
visual observation “.of the . phe-

nomenon anywhere in the world.

‘But, on ‘the photoelectric record,

-,
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several - other . sharp - drops or
“spikes" appeared, which could not
have been seen visually. After con-
sidering all possibilities, right from a.
hovering bird 10 a stray asteroid, the
only logical explanation was that one
of the known satellites of Uranus had
come between the star and the tele-
scope’s field,

Soon  after. sunrise, the Kavalur
tearri. drove to Bangalore, where
they, along with -Dr. M. K. Vainu
Bappu, the institute’s then'director,
examined the strip-chart. They con-
firmied that there was a shallow dip in
the “photoelectric record just when
Uranus and the star were ¢losest, and
that - the nine-second . occultation
could not have been due to any of the
known satellites of Uranus. Howev-
er,. it could be due to g hitherto
unknown satellite of Uranus. A tele-
gram was sent to the Central Bureau
of  the International “Astronomical
Union at Boston on.the evening of
March .11, announcing the finding.

Even as the Kavalur. team was
observing the occultation, a Cornell
University (US) team led by Dr:
Ellint was taking observations from
d NASA airborne observatory flying
over the ‘southern Indian Ocean at
40,000 feet so that they would be
unhindered . by .- tlouds. - They
observed the occultation and attri-
buted the sharp dip in the recording
to “small occulting bodies, possibly
in orbit around Uranus”, A third
team,> from - Lowell - Observatory
(US),  led. by Dr. Robert Millis,
observed the occultation from’ Perth
in "Australia. Millis “opserved “the
sudden diminution in starlight’ and
stopped his recording for a minute or
so for checking; he thus missed two
minor events ‘which followed,

A few days- later, when: Elliot
examined reporis of the three re-
cords;. ‘he saw that theitimes of the
pre-occultation: and post-occultation

events were mirror images of each:

other. He drew the logical conclu-.
sion that the large and small features
in the record are due to.numerous
occulting bodies, all orbiting round
the - planet in. narrow, - concentric
belis. In other words, there is a ring
system_round . Uranus.

..Scientists at the Indian Institute of
Astrophysics, however, felt that the
shaliow dip_ in’ their.records .of the
woécultation called for a further ex-
planation, The zone causing the light
‘extinction was at - least 5,000 miles
from the planet’s surface and even a
giant planet like Uranus could: not
have-such a.'vast atmosphere. A
detailed. analysis of the light curve
later indicated. 19" additional  rings,
besides the five rings found earlier,
Excerpis from: the interview:
Could you say something about the
genesis of the 2.34 m: ielescope?
In , 1945 . the " Commiftee * ‘for
Post-war . Development 'in® Astro-

Dr. J. C. Bhattacharyya, Director. of the Indian Institute of Astrophysics, Bangalore, spe

nomy, set up by the Government of
India and headed by the late Profes-
sor M, N. Saha,"recommended,
among other things, the acquisition’
of a 10Q-inch size telescope, for thci
country, Later it was found that a
100-inch telescope would be very,
expensive,

In 1950 or so, a J0U-1nch telescope;
would have -cost about a crore of
rupees. That much money was’ not
to- be found, and the government,
wanted mainly to' fund projects:
which would bring immediate re.
sults. , |

Later, Dr. Bappu felt we should
go in for a 100-inch; without which
our country would not be able to
take a leading role in science. The
cost could easily have been Rs. 4-
crore. The governing body of this
institute felt that we could go in for
it only if it could be totally manufacqa
tured here. Ultimately a Canadiar
firm teamed up with the Tatas pg
Tatas« Dilworth:. Secord|- Meagher
.and Associatej and offeted 1o help
in designing and fabricating the fele-
scope in the country, . . ¢ ¢ |
' The telescope is a 122-tonne mov,
ing -mechanism which has 'to b
moved with .better precision thag
clockwork. In one second of tim¢
stars move 15 seconds of arc, owingx
to the Earth’s rotation. The pointing
accuracy. of the telescope has'to b
better than one second of arc., An
absolutely . detailed design of the
mount :was required, with every
screw and ‘bolt specified. For, a
different positions there would bc4
‘different flexures due to the weigh!
.of the whole thing.. To rule out the
resultant errors, which would hamw:
perthe accuracy of operation xht%
flexures would have to be compe
sated, partly by mechanical desigy
-and partly, as in modern telescopes) -
by computer. feedback. . 4
I Preliminary work was starfed iy
1677 and' ‘the' mechanical 1 moun{
work taken up in late 1979 or early
1980, By July ‘1984 the mount waf
fully fabricated at Walchandnagar!
After: that, the wholg, thing wa
dismantled apd taken to’Kavalur
‘where :it. is’ being installed, . ' f%

The giant horseshoe “has beey
reassembled, the yoke and movin
‘parts and mirror have been’ instal;
led. The electrical drive system; thi
consolés and the controls are being
installed, So the telescope’as such
in the final stage of completion, Th¢
testing* will - take - another  thret
‘months and we will be able to tak(
photographs by the middle of thy
year,.

- Anew type of solia state detectq
atray has come, into use in ‘astrg
nomy. These CCD. (chargé-couplel
devices) arrays when operated by
powerful computer system. can prg
duce much deeper and sharper inj
ages, We have also developed sof|
ware - 50 that ‘the newfimages wi

{
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bring out a much. deeper picture
than normally available.

To what distance can it see?

As far as any other telescope,
depending upon the “background.
When the background becomes
brighter than the tclcscopc s deten-
tion limit, you can't'see much -
however hxg the telescopelmaylbe.
One way of eliminating the interfer-
Ing background, which is a compo-
sit¢ of manmade scattered light,
natural air-glow and faint diffuse
cosmic background, is to go out into
space. Another way of observing
from the ground is to use photoclec-
tric detection instead of photogra-
phy; we can thus scan the image,
making the necessary subtraction by
computer to get a clear image. This
is what we are going to do.

Why was this particular design
selected?

Any design is a compromise. We

chose basically the Mount Palomar.

200-inch telescope design. There are,
differences: there the latitude is 32°

‘N, we are at 12-1/2° N and thus our.

polar axis is more horizontal, The
design 'was chosen taking into
account the precision of manufac-
ture and the observational conveni-
ence at this particular latitude,

Why was Kavalir chosen?

Kavalur was chosen by a site
survey team in 1962. In the late 40 s,
for = historical and sentimental
reasons it was felt that the observa-
tory should be at Ujjain. But the
team - sent out by Kodaikanal
Observatory to study the observing
conditions found that in that region
there is too much dust, which could
cause (o0 many opcratxonal prob-
lems foramodern telescope. Dr.
Bappu, too, pointed out that cur-
rent astronomical research is con-
centrated in the southern skies ~ the
centre of the Mitky Way (that is, our
galaxy), the Magellanic Clouds, etc

which cannot be accessed from
central and northern - India. - You
have to be as close to the equator as
possible. The' survey, which was
done right from Cape Comorin up-
wards, found - that Kavalur has
perhaps the best observing condi-
tions.

What would be the total expendi-
ture?

A rough estimate would be Rs. 6
crore, which includes about Rs. 80
lakh for the computer; the cost of
the building and ancillary facilities
which had to be created. Big tele-
scopes are extremcly expensive to
run, which is why people share the
expenses, Rather than struggle with
bad weather, it is better to place the
telescope in a good location: You
can thus get more observations for
the same money.
" What are the problems of construct-
ing astromomical ielescopes?

They are among the most soph-
isticated - “scientific - instruments.

Even the slightest vibration or the
smallest speck of dust on the bear-
ing surface can affect the pomtmg
accuracy, Thus, if the telescope is
pointing towards one of a pair of
nearby stars, a small speck of. dust
can cause it to jump from one star to
the other. The mirror is described as
“a 2.34 metre mirror with an accura-
cy of (lambda)/20”

What is the weight of the mirror?
It was five tonnes, to begin with,
But after the central hole was cut
out  and considerable
scooped out, it has become, about

four tonnes. All sorts of modemn

techniques have been employed,
For instance, the whole telescope
floats on a film of oil pumped by a

hydraulic system (this has been im-

ported from Germany). Ball or rol-
ler bearings could not be. used,
because even a slight difference in
the ball bearings will affect the
pointing accuracy. The control is by
a computer system. You can't use
gear for ‘scaling the movements,

because there will be a backlash and!
errors will come in, so we had to use.

a specially made optical shaft encod-
er. This has a photographic. glass

plate inside with a system of very

thin marks. Each mark represents
an accuracy of one second of arc,

That information is’ read off and

there is computer feedback, which
very precisely .controls the move-
ments of the telescope.

What is the program for the new.
telescope?

Immediately - deep sky photogra-
phy, for testing how deep the tele-
scope can go. In textbooks, instead
of having photographs with credit
lines - reading . “Courtesy: - Mount
Paiomar and Mount Wilson Obser-

“material’

The new telmcope at Kavalur: boop for astronmmat.s

vatories”, we 'can  have Indian
photographs During this phase we
will be doing finer adjustments for
optimum operation. Then we will
have = programmes ~ of - scientific
observation from faint solar'system
objects to'the faraway external gaja-
xies:

An your opinion, will. there be
excellent conditions for observing
Halley's comet?

Yes, because comet Halley will be
coming in March, when observing
cconditions are very good. According
to present indications the :best
observing conditions  will  be at
Mauna Kea (Hawaii), which is at an
-altitude of 15,000 feet. Next comes
Chile, where ttherc are ‘three large
telescopes: at' La Silla and" Cerro
Tololo. La Silla has the telescope of
the European Southern Observa-
tory (ESO) and at Cerro Tololo the
Americans have set up a' similar
four- etre telesco

. The higher you go, the. better,

be«.ause the moisture content in the'

atmosphere is low and" infra-red
observations are possible. From last
year we have established a 20-inch
telescope at Leh, for trial purposes,
However, .thoug h the moisture is
‘low ‘there,  its Iatxmdc (33*N) is ‘a
limitation.

Wbat are the theories rcgarding‘the‘
origin of the solar system?

That’s a difficult question. There
are several theories. My own feeling:
is that what we are seeing is not the.
‘original solat “system “or_the' first
‘generation solar system. It ‘might
have got dxsruptcd more than once!
The ‘proof is in the. asteroids (the
minor ‘bodies in the solar system).
-An.asteroid is not solid in structure.

In cross-section it, appears to be a
sort of conglomeration of' different
pieces, -as -if | it' had - been. forcéd
together into "a solxd ‘body, - thed
broken up-and again solidified by
coalescence,
The estimated age of the solat

system (4.5 billion_years) is prob:,

ably .correct, ‘but it requires only
10-30 million. years for the system o
grow and get disrupted again,

What is your'.opinion about the
status of astronomical studies in Ing
dia? ‘Are there any. constraints?

Harloy: Shapley, - the cmineny
astronomer, once said: “India’is a
paradgx. She hasiproduced the most
brilliant "astropHysicists; like Saha
and Professot Chandrasekhar, but
its observational facility is pract:cal-.
ly nil,” The largest tclcsoopcs at'that
time ' (1947) -were the . 15-inch ‘at
Nizam’s University and the 20-inch
at Kodmkanal whichi was then not
fully opcranonal Things  thave
changed a lot since then. There are,
three telescopes — two 40-mch oncs,t
at. Kavalur . and - Nainital, ‘and ;/a
48-inch at’ Rangapur, near Hyder;
abad. The new 93-inch at Kavalur is,
going to be a powerful tool for
researchers. For infra-red studies.a
new 48-inch telescope is coming up
at Mount Abu. In the radio domain,
there is the radio-telescope at Qota-
camund - a really substantial Indian,
achievement.- The Raman Research.
Institute, Bangalore has installed, a
millimetre  “wavelength radlo-
telescope.” The ~Giant Metre,
Wavelength Radio-telescope, which
the Indian scientific. community is
planning to build, will give Indian
gsot;gnomxcal rcscarch a. powerful

t.
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