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Historical Perspective

About 200 years ago, a 9.5 cin (3 inch apaerture telescope was called a
larpe telescope. London was then the centre of the world optical trade
with John Dollond (1706-61), his son-in-law Jesse Ramsden (d.1800)
and son Peter Dollond (d.1820) as the leading telescope maker in
Cngland. At that time i was not possible o make pood quality ol glass
blanks ol larger size, and the lenses were pround by trial and error. Cradit
for providing a scientific basis for optical engineering as well as for
making large-sized lens telescopes goes to Munich-based Joseph
Fraunhofer (1787-1826) who starled his career as an 11 year old orphan
in virtual bondage at an optics shop and rose to such eminence that on his
death he recarved a state funeral.

Originally, reflecting telescopes were made from the unwieldy
speculum metal, an alloy of copper and tin. The invention, in 1856, ol the
silver-on-glass lechnigue by the chemist Justus von Licbig (1803-73) mna
dilferent  context  made it possible to make large,  low-weight
astronomical mirrors.  The problem of casting strong  mechanical
mountings suitable for large telescopes was solved by the use of the
steam hammer invented by James Nasmeyth (1808-90).

With the advent of larpe (clescopes, the centre of astronomical activity
shifted from Europe to the United States of America (US) which had the
requisite clear skies, funds and a desire for intellectual leadership. In
recent times, advances in  technology, telecommunications and
international cooperation have Ireed observatories lrom the limitations of
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national boundaries and made 1t possible to collectively mstall laroe
telescopes at globallv-selected sites,

In one important aspect, astronomy 18 unlike experimental sciences.
sctting up ol a modern sophisticaled Taboralory ollen means the celipse
of earlier emes. The advent of large telescopes however does not mean
redundancy of small telescopes (aperture less than [m). This is g0
because from any place on the terrestrial globe only half the celestial
sphere is wizible, Thercfore, oo observalory, no malter how well
equipped, can cover the whoele sky, Sccondly. sinee astronomical cvents
cannet be manipulated or repeated, each independent observation s a
viluable addition to the databank. Also, for continuous monitoring of
certain class ol objecty, receipl ol round-the-clock data iy needed,

These data can he obtained by obscrvers located at dilferent
lengitudes. Thus while astronomy today depends on large (and space-
borne) telescopes for breakthroughs, it solicits contribution from as many
telescopes of various sizes as possible.

Astronomy 18 more than a branch of modern science, 1L is o symbaol of
the collectivity and continuity of humankind’s cultural heritage. That is
why many developing countries, particular those with memeories ot past
contribution to science, are keen to renew their acquaintance with
aslronomy and contribule w its growth, Paradoxically the factors which
favourad astronomy in ancicnt times now work against il Astronomy
was the preferred activity of ancient cultures which owed their prosperity
to agriculture which in turn depended on rain,

Thus there was a direct correlation between astronomy and rain. In
contrast, modern astronemy (oday prefoes sites that are dry throughout
the year and away from civilization. [n other words, inheritors of ancient
astronomical tradition are unlikely to find suitable sites in their midst
worlhy of huge investments that large-scale modern astronomical
[acilitics now  requie,  This handicap nolwithstanding,  developing
countries can still contribute to the enrichment of astronoimy (hrough
small telescopes, because as we have seen astronomical facilities are not
competitive or exclusive but additive,

1. Small Telescopes

There is another reason why developing countries should develop
facilitics centered around small telescopes: Although astronomy has been
and gtill 12 the most Bralunanical ol all scicnees, today 1L requires arlisan
support ot a high order. Astronomical ambition should therelore b
pegzed at the level of the available mlrastructural support. Many
developing countries, in their impatience to make up for lost time, have
tended to begin wilth big science -al the lop, hoping that the benefits
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would slowly trickle down. This has not happened, because the law of
gravily docs not apply in the intellectual domain,

Very often, the facility is acquired from abroad on a turnkey basis on
the initiative of 4 single individual. Countries wilh a pre-industrinl
mindset tend 1o rank an individual above an institution. The facility 1s
often seen as an extension of the lounder’s personalily, so that its golden
age becomes coterminous with the workspan of the founder. Even though
the ohservatory ducs not actually die, il becomes a victim ol AIDS,
astronomical instrumentation deficiency syndrome.

If the [ucility is to cmerge as an institution, the acquisition of
equipment should be accompanicd by the provision of (i) raining ol
manpower, (i) maintenance of equipment and possible upgrading, and
(111} sustenance of inlerest.

To be productive, a telescope should be supplied with users. No
doubt, in the heginning, trained manpower will have 1o be acquired from
outside. But it is essential to have an in-house training programme so (hal
pencration after generation of users are available. The most effective way
of solving the manpower problem and ensuring the success of long-range
research programmes would be 1o involve the universities.  The
universities have a regular inlake of students, a well defined curriculum,
anel a rigorons examination system, If a telescope facility 18 made parl of
a teaching programme, it will be assured of manpower at a reascnably
competent level, Of the large number of smdents that enler a untversity.
aven il a small fraction can be motivated beyond the compulsions of 4
depres, long-range needs will be met. Furthermore, 1o meet the universily
recuirements, the observatory will have lo be maintained al « vertain
level, independent of the idiosynerasics of individuals.

There s need to establish a symbiotic relationship between the
lelescope and the workshop. An mstrument should be a tool n the hands
of a user. It should not overwhelm him or her. If a snag develops, the
user should feel confident of setting it right and affecting improvements,

2.  Research and ducation

Small telescopes  illustrate  the  veracity  of Ernst Rutherford’s
aphorism, “We have not got the moncy, so we have got Lo think," (iiven
q  well-maintained, well-equipped  small  telescope  a  persevering
astronomer with a well thought-out programme can obtain data ol
pomiine research value,

Two fields arc particularly suited lor small telescopes: variable stars,
and the sun and the selar svstem objects,
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2.1 Wariable Stars

Variable stars are stars whose light oulput varies. The variation can be
due (0 & number of reasons and may involve timescales ranging from a
few minutes lo many years. More than 50,000 variables are known,
divided into a number ol groups, Their study is important beeause it tells
us about the propertics and cvolution of the stars as well as about the
physical processes occurring in them,

Vartable slars can be observed with small lelescopes using the
technigue of photoclectrie photometry. Photometry of bright variables is
not very sensitive to background light; observations can be made cven
when the Moon is full.

[t however does require observing time, so thal the location of a
(small) telescope near the observers 15 of grear help. Actual observations
are not difficult to make. Objects should however be chosen with care
keeping in mind the characteristivs of the site and the instruments and as
parl of an international programme.  Instrumentation  should  he
standardized and observations carried out on a long-term basis,

[n addition lo lhe variable stars, solar system ohjcels can be studied
using small telescopes. One can begin with the Sun iself. To image the
Sun, the light-gathering power of the telescope may be reduced by using
newtral density filters. Solar patrols can be mainlained at various
longitudes, and while-light flares can be searched for,

2.2 Comcets

There are a number of reasons why comets should be studied. First,
they are a spectacular sighl. More fundamentally, their chemical
composition tells us ahout the conditions at the time of formation of the
solar system. They contain condensates lrom the solar nebula and
possibly cven interstellar graing. Finally, they are the natural tools for
probing the solar wind, especially away from the ecliptic,

Comets are not easy objects ol study, They arc often large in ansular
size, low in surface brightness, close 1o he sun when bright, and fast-
mnoving. Their observation requires international cooperation of a high
order; ofien their highly inclined orbit making it necessary Lo have data
from the northern as well as southern hemisphere.

In particular, there is need lor wide-field photographs of the comet’s
ta1l. Within a matter of hours. the ionic tail "breaks off" and is carried
away by the solar wind while a new tail emerpes lrom the coma. The
process is foo slow [or a single observatory to photopraph in a single
night, but tea fast for the observalory to observe the next night, To
understand the theoretical processes involved, it is essential to have,
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courlesy a number of ohservatonies, a good sequence of photographic
images. In addition to coordinated photography, coordinated photometry
will also be useful,

2.3 Asteroids

Asteroida are sufficiently numerous so that new omes can be
discovered photographically and old ones studied. Unlike the comets
they retain their original orbits and masses, Unlike the larger planets.
they have not chemically evolved.

Consequently, they provide extremely valuable information on the
origin and evolution of the solar system. Towards this e, 11 1y important
to learn aboul the asterowds™ masses and volumes as well as geometry,
rotation and surface properties.

An important project can be the observation of the occultation of
background stars by minor planets. Given the large number of asteroids,
such events are quite common. These cvents can tell us about asteroids
whal woe cannol learn from the ecarth in any other way. A tymeal
oceultation lasts 10 to 20 seconds.

If immersion and emersion are timed at a number of selected sites Lo
within 0.1 second, a level ol accuracy casily achieved with simple
pholoelectric equipment, then the data can be combined to obtam a direct
calimate of the dimensions of the face of the asteroid.

In a similar manner, photoelectric observations of occultations of stars
by the Moon can be made. [t is instructive to recall that rings around
Uranus were discovered during a stellar occultation by the planet,

3. Teaching

The research programumes carricd out with small iclescopes can casily
be inmtcorated inte formal teaching programmes, The observation of
variable stars as well as analysis and interpretation of data can form a
project at BSc and MSe levels. Similarly, solar spectroscopic studies can
easily be integrated with laboratory spectroscopy.

3.1 Initial training

Training ol manpower o initiate astronomical studies requires elose
altention, In this important area, 1t would be advisable to enlist support of
these countries which have had a head start and which are culturally and
economically close to countries with manpower requirements,

It has been seen that projecls mvolving an oller of training by
mdustnialized countrics do not produce the desired results. Because of the
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glamour and the pecumary benefits associated with a “forcipn™ visit, the
opportunities are “grabbed” by persons high up in the hierarchy who are
melined Lo treal the visit as a personal honour rather than as an
opportunily [or oblaming hands-on experience. Also, in the case of
vounger elements. eultural discontinuity can have a demaoralizing elltet.
Additionally, 1n the case of capable candidates, an opportunity not
return to their own couniries can arise.

Il would be far more profitable lo make amangements by which
experts from neighboring countrics can spend a lew months helping the
hosts i setting up facilities and training young astronomars, [t will also
be a help if regional refresher courses can be arranged at regular
inlervals, and handbooks prepared.

4. The Indian Experience

India was the [rst country outside Curope to acquire, at Madras in
1786, a moedern astronomical obscrvalory, thanks o the colonial use of
astronomy as a navipational and peographical aid, During its exislenee in
the [19th century, the Madras Ohbservatory remained rathor poorly
equipped, its chief instruments being two refractors: a |5 cm aperture
English-mount elescope by Lerebours & Secretan, acquired in 1850, and
a 20 em equatorial by Trovghton & Sinuns, wilh oplics by Fraunholer's
successor George Merz, acquired in 18G1. The Observatory was kept in
working order with the help of the mechanics at the workshop
maintained by the government’s public works department for its own
s,

In contrast to the Madras Observatory stood the short-lived Lucknow
Observatory established m 1851 by the king of Cudh {correctly Avadh)
who had a Curepean wife and & magpie-like fascination for novelties.
The Observalory was placed iIn charge of a British astronomer and
cruipped, as befil a kinp™s obscevalory, with (he best inglroments money
could buy. The Observatory was commissionad in 1841 but closcd cight
years later by the new king, In the carly years of the present century
Kodaikanal Observalory emerged as a state-of-art solar research facility
under the seientilic leadership ol Georpe Evershed, who buill 4 number
of spectrographs for his own use. In addition. in 1911 he made an
auxiliary spectrohehograph and bolted it to the existing instrument to
make it more versatile. Not surprisingly, Cvershed’s stay at Kodaikanal
coincided with the golden age of the Observatory.

In recaent yaars, a nuniber ol small (clescopes have been purchased by
varions agencies i India, some of which are being profitably used.
Significantly, research-wise the most successful has been the one that is
the most primitive. This telescope is a 34 cm Cassegrain reflector made
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in the Indian Institule of Astrophysics workshop and attached to a
precxisting mounting vacated by an old 15 cm Coole refractor. Thanks
to the poaled efforts of the astronomers and the workshop stafl, this
rugeed telescope has been suecessfully uscd lor creating a database on
the photometry of rotaling variable stars, cspecially of the RS Cvnand T
Tauri type. The suceess of this telescope proves that for an astronomical
[acililty 1o be snceessful, engineers and astronomers should  work
topether.

5. Conclusions

1. When a new astronomical facility is set up, it should be at a lewvel
consistent with the workshop [aeilitics and infrastructure support
available, The cquipment should not overwhelm the user.

2. For the initial traming of manpower. cooperation should preferably be
songht from countries which are culturally akin (o the host country,
3. Attempts should be made to inlegrale astronomical facilities with the

teaching prograrmne
4. For best resulls, ohservational programmes should be chosen so as o
form a part of international campaigns.
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