CHALLENGE OF SPACE AND SPACE RESEARCH ACTIVITIES IN INDIA

Simi H. G

Uniil just a few years ago, man has been
confined to the Farth, All that he has
learned of the universe has come from obser-
vations and investigations rooted in his own
planet. Nevertheless, he hus learned much
about the solar system, the Milky Wav, and
oven nboul other galaxies far beyond. This
truly remarkable body of knowledge of the
universe, attzined by astronomers  over
thousanids of years. has depended larsely
upon light waves galhered by telescopes.
In recent vears these signals have koen aug-
mented by radio waves from the stars. Bul
even 50, man's window to the universe has
bean restricled to 2 thin shit of encrgies. for
only about twenty cclaves of nature’s elec-
tromagnetic spectrum, rangmg from the
very long radio waves at one end 1o the VEry
short gamma radiations ut the other end.

Thus space tools open up challenging
Prospects to scence, and these challangess are
clear and compelling in the past, man
has largely had immediately before him the
small, finite Earth alone, along with its
lower atmosphere. for direct investigation:
he has now. in principle. an infinite volume
of space and malter accessible to him.
This new power to penetrate directly into
the interplanetary medium and to reach
other bodies in the solar system has a
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special meaning. T means a4 vasy extension
of opportunitics for detection and observi-
tion aboye the Earth's interfering atiwosphero,
But even more, it means thal man is now
cquipped to conducl experiments in con-
trast to making observations. The conduct
ol controlled sxperiments leads 1o deduction:
the passive laking of observations only
parmiits inference,

At the present Lime adventure and explo-
ration are pursued by the man-in-space
programmes of the Soviet Uipion and he
United States.  Although instruments carried
through spacecan do alot in understanding
the phenomena occurring in outer A
or through inter-planetary medium, man
himsell can contribute much if he can travel
in the space-craft. The ultimate eaploration
of the Moon and planets is being done by
man. This means that at first experience
must be gained step by step and orbiling of
man round the Earth is the first of this
long sequence of steps. There are throe
applications of artificial Earth satellites that
appeal lo the practical nature of man,
communications, weather forecasting, and
navigation. These applications call for no
new principles in science, but they do call
for a great deal of developmental and cngi-
neering activity, which is pained in the
pursuit of space propgramme.

Equatorial Rockel Launching Station, Trivindurm:
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Severnl meteorological satellites hive been
siecessMully Jownched and  their dada dre
in use not only in the Uniled States but in
many countries throughout the world,  The
prospect of deteeting major storms early in
fheir history and of following them has
significant  Taunan  vidues, Thousands  of
lives are taken annually by the caprices of
weuther and the loss of property ruos into
findreds of millions,  Weather  satellites
goupled with international warning services,
eould provide alerts so thut human beings
might Like switable  protecuve  measures,
Ultimately, further resgarch with storm and
cloud cover data from satetlites and related
meteorelogical studies, both  experimentil
and theoretical, may lead to a gemuine under-
" standing of weather and climate, 1o vasth
more  eflective forecasting  sarviees, and
perhaps to un amelioration by man himsel of
the destructive energics 0f DEJOT STOTMS,

Geodetic satellilcs—he second significant
gred of space application—promise both
reccarch and applied values. As Lo the
latter, navigation and surveying come closest
tr the immediate inferests of mankiad.
In prineiple; satellite navigational systeims
could become commwn, universal metlods
for alb [orms of surface dnd air navigation,
with securacies even excecding requirements.
They could also be used for surveying over
difficult terrain and for tying tomether most
effectively the geodetic nets throughout the
‘world, These same satellites will also,
however, provide fundamental information
on the size, shape and composition of the
‘Farth, including further msights into its
“aravitational fields.

Intetisive work is also under way on the
‘development of communication satellites.
In principle, satellites can multiply the
Guantity of long distance communicalions
by a factor of perhaps 10,000,  Satellites
can contribute to many types of communica-

tions: telephony, long-range radio communi-
cations and perhaps ultimately even inter-
mitional T.V.  An expansion of communica-
tion services had numerous implications.

The clxims of adventure und exploration,
ns well s the claims of practicnl application
wre rewdily understandable and their appoal
15 almost universal. But what can be said
about the claims of science in the spaee ape?
In brief, | would contend that the challenges
of research dwarl adventure and application
and stand unparalleled in man's history.
Man has successfully landed on the Moon.
Bul even before this, tremendous wmount of
cffort was required For acquisition of new
knowledge of space and its contents. This
hias been achieved by sending variety ol
instruments launched into space far beyond
the confines of the Larth and these duvices
yielded significant insights. The incredible
vastness of space and bulk of its content
mezn that uniimited horizons exist [for
research.  Durimg  the interval the first
satellitewas launched into nezr space and the
time man successtully landed on the moon,
very significant results have bieon obtained
of intrinsic imterest and importEnce demnon-
strating the power of space tools in research.

The discovery of the Van Allen Radiation
Belts. in which both satellites and deep
space probes wers used. stands as ong of the
great discoveries in the history of geophysics.
The achicvement entails not only the dis-
covery of two vast region of space and of
the particle population of these regions
but also provides the basis for a unified
description of variation of the Earth's
magunetic ficld, the aurora, and solar partr-
cles in a4 much more Toalislic and exciting
\\-'3':{.

The second achievement made possible
by salcllites relates to the shape of Parth.
Hero the first small Vanguard satellite has
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permilted to make detailed studies of its
orbils. These findings resulted in the postu-
lation of a * pear-shaped ©* model of the
Earth. The apparent varistion from the
previous theorelicul model 15 small even
m comparison to the 21 km. difference
between equatorial and polar radii, but it
1$ extremely important in terms of the
Earth's structure,

Satellites of both the USSR and the United
States also provided valuable duta on drag
and density and on satellite environmental
conditions—e.g., lcmperatures.  Soviel salel-
lites, with transmissions ut 20 and 40 mega-
cycles, allord an  opportunity for jonos-
pheric studies when the receptions can be
coupled with precise positional data.  One
of the mest sriking findings in the feld of
near-spice structure relates o drag. - Jecchia.
inthe United Stites, has established a correlu-
tion between the drag on a satellite and
selar  getivity:  the correlation  Betwesn
Vanguard T drag and {g) solar fux index
al 10.7 ¢mowavelengths, and (4) magnetic
achvity Index, 15 remarkable.

As the world has witmessed, successful
landing on the Moon has teen achieved by
the efforts made by the United Siates. Thus,
for the first time in hislory, man has shown
the power 1o investigaie other plancis of
the solar system and what he leams from
this will be a significant addition to Man's
total knowledge.  ‘The Moon was the appro-
priate object of study because it is tied so
intimately to the Earth, in origin and history.
Yel its surface layers have noi weathered as
have those of the Earth, and in them lie
clues both to its and to the Earth's zarly
history and developmeni. It was once
thought that although the surface of the
Moon was uncongenial with tcmperatures
of 100-124°C, and unprotected by an atmaos-
phere from high-energy particles and the full
spectrum of solar radiations, simple forms

of lile may exist beneuth the surface or in
cuvities,  Biologists were interested in such
A4 possibility, n interest that argues strongly
lor w  policy of protection  aguinst
continuniation ol even the Moon.

Solt landing of iostruments on the Maen
permitied taking of photographs of surface
details: the televised piclures of the Moon's
surface gave some ideas of the material,
A-ray amulyses of the surfuce, hardiess
tests, deteetion of any magnetic subsiunces.
spectroscopic  wnalyses  of rocks, scismic
and gravimetric doterminations, vte., appeared
feasible by  instruments lunded soltly on
the Moon. All these were accotmplished
in the erfier missions and fnally with (he
Apollo 11, NASA landed man on the Maon,
This historic Odyssey in [969 which Laos
been accomplished is well known the world
appeared over,

The more distant planets pose problems for
caploration which lie lar in the future.
Mars and Venus, however, are accessible
by spacecralt, by one way or another, within
this decade. The compositions, depth,
densitics, and temperature  distribution of
their atmospheres can be studied by space
probes and planetary satellites.

Man's intercst in the Sun is one of his
oldest, but his knowledge of our nearost
star s stll fragmentary.  Spectroscopy and
atomic theory have lead to major advances
during the last 80 years, providing quantita-
tive knowledge of many aspects of the Sun,
but much remains to be done, For exam-
ple. the whole range of solar short-wave
radistion—ultraviolet, Movays wndd pamma
fays—calls for measurements from beyond
the interfering layers of the Farih'y
atmosphere.

As with the Sun. so too, with all stars;
space lools will permit mian Lo measurs that



paft of the spectrum avcessible only above
the Earth's atmosphere.  Invisible short-wave
ruillations can tell us much about the high-
energy processes in stars and of the influence

‘of very hot stars on interstellar gas around

then,

Thus we see that the opportunities hefore
science but also before mankind as & whole—
are truly many and challenging.  These
opportunitics exist nol only in adventure
and exploration, in application, but in the
pursuit of new knowled pe aboul the universe.
These opportunilies are not restricted only to
those nations having capahility of launch-
ing satellites and space probes. This fact—
that only twe nalions sre engaged in such
lsunchings—uappears on surluce restrictive
but it is not fully so,  For one thing, space
researelics (hemiselves invrease the interests
in potentialities of research on Larth in
such flields as planciary astronomy and the
physics and chemistry of rthe upper atmos-
phere, Second, the increased use of baloons
and rockets for studies wbove the masking
layers of the atmosphere reprisenls o very
large wrea of activity thot merits support by
many mere nations, Third, much of the
data from satellites and space probes can be
aequired, either directly or indirectly. by
scientists everywhere and lurned o their
own analytic and research purposes.  Fourth,
experimental ideas and experiments them-
selves, conceived and developed by scientists
clsewhere, have good prospets of realisation
in the space progranune.

The scientific study of meteorology and of
the variations in the earth’s magnetism were
started more than a century ago in India.
It is now over 100 years ago the British
Scientist Allan Broun, with Indian assis-
{ants, made his important contribution to
geomagnelism (J. Allan Broun, F.R.S5., was
the Director of the Trivandrum Obser-
vatory lrom 1852 to 1865 and made some
fundamental contributlions 1o geomagnetism
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by his work on the diurnal variations of the
magnetic declination at Trvandrum near
the magnelic equator). With a long estab-
lished tradition of research in meteorology,
ionospheric physics, geomagnelism, cosmic
rays, astrophysics and solar physics, India
has a good scientific base and a deep interest
in the exploration of outer spice.

In April 1962, Indizn Natinal Committee
fur Space Research was constituted by the
Department  of Atomic Energy (DAE),
Government of India, lor the promotion of
space research and international co-operalion
in exploration of space for peaceful purposes.

Thumba Fquatorial Rocket Launching Station
(TERLS)

In 1963, an Pquatorial Rocket Launching
Station was established at Thumba, near
Trivandrum, which lies practically on the
magnetic equator and on the West Coast
of India. The main objective was Lo carry
out scientific studies of the upper atmospherc
in equatorial regions. from 30 to 200 km.
altitude, using sounding rockets. With the
active ussistance and co-operation from
France. USA and USSR, the TERLS became
operational on November 21, 1963, when the
first sounding rocket carrying a scieniific
pavload was successfully launched from
Thumba. TERLS has received UN sponsor-
ship as an inlcrnational range and was
dedicated to the UN by the Prime Minister
of India on 2nd February 1968. Biluteral
agresments  between India  and many
countries were drawn wup providing for
interpational  operation for carrying out
scientific experiments from Thumba.

TERLS is now fully equipped as an inter-
national facility, to carry out rocket experi-
ments, ‘The facilities provided include
vehicle and payload assembly, testing and
check-out, ground support including radar
tracking, telemetry, a DOVAP and an
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AN/GMD:-I equipment, range safety and
mel.  Support, range timing, lelephone and
radio  communicutions, and range clearance
equipments like, helicopter and sea vessel,
At TELS, certain ground based cxperiments
are also provided as back-up for the
rockel eaperiments,  These include measure-
ment of ionospheric drifts, recording of
lonograms using an automatic ionospheric
recorder, measurement of cosmic radio noise
abserption by riometer technique and mea-
surements of total electron content in the
ionosphere by recording the Faraday lading
of Beacon Satellite signals and a magnsto-
meter. ‘Shortly a back-scatler cxperiment
15 being added.

Simce its neeption Thumba  has carricd out
120 rocket experiments using single and twa
stage rocketslike Judi-Dart, Nike-Apache;
Centaure (French) and boosted ARCAS,
in addition to a number of Rohini rockets.
These experiments have beon desipned and
carrigd out from Thumba for the study of
the dynamics and composition of the upper
almosphere in the equatorial latitudes. The
payloads include vapour c¢loud to measure
windsin the neutral atmosphere using Sodium,
fnmethy! aluminiumand barium tcchniques:
electron-ion probes and plasma noise probes
for study of the nmature of the ionosphere;
UV detectors and ion-mass spectrometers
to measure the composition of the iono-
sphere: proton precision magnetometers o
investigate the electro-jei: X-Ray astronomy
payload for measurement of X-Ray flux
cmanated from distant stars like Scorpio,
Centaurus. Crab, etc., in the celestial sky,
and chaff to measure winds in the
mesosphere.

Experimental Satellite Communications Earth
Station (ESCES)

To enable Indin to gain competence in
global satellite communications, the Experi-

mental  Satellite  Communications  Earlly
Station has been estublished at Almedabad
by INCOSPAR  with assistance  from
the UN  Special Fund.  An important
objective of ESCES ix to train scientists and
engineers of India and of ulher developing
countries Lo enable them to make use of
satellite communicalions. A mudest hegin-
ning 10 space communication  was made in
late August 1967 when ESCES successfully
rransmitted and received messagus and telovi-
sion pictures from NASA's ATS-2 satellite
and established conlaet with Japan.

Space Scicace and Technology Centre (SSTC)

In 1965, the Atomic Energy Commission
approved a proposal of INCOSPAR to
establish 4 Spuce Science and Technalopy
Centre with major responsibility for develop-
ment of sounding rockets of supetior per-
formance und for acquiring expertise in
aerospace engineering and scientific payload
construction for rockets and satellites. The
Centre was also to provide back-up support
o space research through eround-based
experiments.  The Space Science and Tech- ._
nology Centre (SSTC) has heen set up at
Veli Hill, by the side of TERLS. A large
group of engineers has been engaged at the |
SSTC (o work in different disciplines of
rocket technology such as propellant engi-
heering, propulsion. structural engincering,
derodynamics, materials engineering and
quality control, control and guidance, tech-
mical physics. electronics, mechanical and
syslems enginecring, The first Indig-made
rocket of the Rohini RH-75 serics was
successfully flight-tesied in November 1967,

Rocket Manufacture in India

To establish rocket manufacture in India,
the Department of Atomic Energy has set
up in 1967 a Rocket Propellant Plant {RPP),
at Thurnba, for manufacture of the propellant
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required for the French Centaure two-stage
sounding  rockets under licence  from
M5, Sud Aviation of I'rance. This plant will
be able to tuke up manulacture of large size
propellant charges for indigenous rochets
being developed in SSTC.

A Rocket Fabrication Faeility (RI'1),
which can undertake manufacture of hard-
ware Tor various wpes of rockets has  been
approved by the Automic Energy Commis-
gion, and will he set up at Thumba, near
TERLS, This will he commissioned by
January 1971,

Radio Astronoiny

Scientists of PRL and other scientific
institutions in India arc engaged on develop-
ment of scientific payloads to carry out
rocket experiments from Thumba., In addi-
tion, scientists from France, USA, USSR,
West Germany, Japan and UK have already
participated  in  collaborative programmes
‘with India under bilateral agreements and
experiments have leen successtully carried
‘out [rom Thumba,

Folure Plon

Tndia proposes to set up another rocket
launching station on the East Coast. Thi

facility will be used in the initial stages Lo
prove the indigenous rockets and ultimately
have u capability for launching satellites.

A preliminary feasibility study of develop-
ing a modest scientific satellite is being
waorked out.

Satellite television can be a very powerful
tool of mass commuunication and for promol-
ing national integration. Iis use for popi-
larising agricultural productivity, 1n promot-
ing general education and dissominating
information about population control is of
great significance. To demonsirate con-
vincingly the relative advantages of this
system, a pilot project was jointly undertaken
in Jammary 1967 by the Department of
Atomic Fnergy, the All India Radio, the
Indian Agricultural Research Institute
and the Delhi Administration and the
experiment was successful.

A szatellite Communication Praject on a
national basis is being aclively considered
and a study group of enginesrs has been
formed to go inlo the details,



