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Z RADIO ASTRONOMY
'...’;a;nor 1 - Birth of Radio Astrenoay.

Radiocastronomy is a new branch of astronomy which is
concorned exclusively with the study of the radio waves that
are constantly reaching the Earth from the Univerase around us,
For centuries past optical astronomers have studied the light
‘ngc; which originate in various natural processes throughout
the cosaos, and from this have built up a remarkably detailed
picture of tho ccuntlass millions of star systeams with which
the skies are.studded, Since the beginning of tine elsctrons
in sotion throughout the universe have alse radiated radio
waves, but it is only within tho past two dscades that electronic
techniques have rveached the stage where study of these radio sig-
nals from spacs has becoms feasidle, Radioastromomy 1s thus
aaking 1t possible to paint a picture of the hoavens i3 a
complotely now "iight", that of the radio waves, Those

engaged in this work have been christensd radicastronomers

and, naturally enough, the instrumasnts they use hsva come to

be known as radiotelescones. In the excitement of the early

discoveries what the radicastronomers “saw” with their strange
new instruments were called “radic stars™ because they did
not coincide with any of the bright visidle stars, However,
this plcturesque name has furned out to be a misncmer because
with the exception of our Sun, porhaps a fow nearby stars and
pessibly also the curious objects known as pulsars (see
Chapter ), the majority of them are almost invarishly not
stars at all, but electrons at work in other spectacular ways.
Tho particular advantages of using radio mathods in
astronemy which first caught the attention of serious
astronomars were firatly, that they often provide naw as well
as confirmatory information about some of the celestisl cbjects
that they have beesn studying for conturies; and secondly, that
they have drawn attentionm to things not optically visidle at




all, oither bacauss they are beyond the range of optical
éleseopcs or because, by thelir nature, they emit radio waves
rather than 1light waves., This comes about becauss although
1ight ead radio are both olectromagnetic waves, they can arise
from somewhat differsat processes within the atoms., Radio-
astronomy thus both supplements and ceompleasnts the traditional
optignl methods, and in providing a new look at tha Universe
around us has focused attention on some remarkadle snd quite
unexpectsd featurss which mizht otharwise have gone unnoticed
for further centuries. It i3 scarcely surprising that in the
process, it has rsised more questiocns than it has so far been
able to answer, Hzn, however, has always bdeen intriguved and
aystified by the "wendrous splendours of the everlasting stars”,
and the marvel is that we should have been able to uncover so
much about cbjects which exist in such countless nunbers and
2t such fantastic digstances from us that we gasze at theam, as it
were, down the long corridors of time, Even though light
travsls at the rate of 136,000 milos each secoad, many of them
- we see as they exlsted befors the Zarth was born, not as they
are now, But perhaps we should begin at the bdeginning and
take things stap by step.

Astronony is the oldest of the sclences. Frea the
dawn of time the Sun by day and the majesty of the heavens b}
aight wers, for primitive nan, an awe-inspiring reminder of his
insiznificancs in relation to the capriclous forces which
governed all aspects of his comstant strugzle to survive. As
tribal 1ife developed hs graduzlly czae to racognize that,
against a background pattevn of stars which wers appareatly
fixed in the fir=ament, the Sun by day and the Moon by night
folloved their own recurrent patterns in their daily travel
across the sky. He ebserved too that these were connectsd
in sose way with the regular progression of the seasons, and
the periodic death and subsequent rebirth of the 1ife-giving

forces of Mature., The foundations of observational astronomy
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thus ware laid well befors the end of recordsd histery. In

. a community rulsed by awe and  riddled with superstition the

keen obsarvers naturally ascquired power and prestigo zs they
discoverad how to foretell such dramatic mational events as
eclipses. The first astronomers were thus the witch doctors
and hizh prieats; in their hands sstronomy rsmalned closely
linkod with superstition and religion until well into gadiaaval
tizes, Considering the oxceedingly primitive methods of
chaeryvation available to thenm they showed remarkable skills,
The conespt of a ysar divided into twelve menths each of 30
days, snd of days divided into hours, minutes and seconds was
alroady w01-1 established by 2000 B.C., Ey abeut 500 B.C. the
garly astronomars had collected onough detailed information

to be able te racognizs virtually all the intricate peried-
icities which regulate the occurreacs of cclipses of the Sun
und Hoem - and hence to predict them, with conspicuwous success,
well in advance.

As long as observations of the heavens were liaited by the
nowars of the unalded eye it is understandadle that the stars
wers rogarded as fixed and immutabls, and éf litzle mcecount
in the scheme of things. They were taken to be distant but
by no means nusbarless, since the number that could bs counted
on a clear night only ran into saveral thousand, Intesrest
was ceontred mainly on the Sum, and its famlly of planets, and
on the Moon, with the Earth as the fixed centrs around which
all else whirled in complicated motion. This misconceptien,
taught and rveinforced by the famour Greek natural philosophers
Aristotle and Ptoleay, decase firaly embsdded in the doctrines
of the Church of Rome and remazined in vogue until well into
the seventeenth century A.D. Covernicus, the founder of
modern astronomy was the first to expound the viow (1543)
that the Sun and the stars were at rest and the earth
revolvasd arcund the Sun; but this concept did not gain

acceptance until more than a century later., The iatraduction
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£ the telescope -~ a Dutch invention - dy Galileo in 1510
‘;agaa to produce evideacs which could not be reconciled with
the Aristotelian outlonk ~ of "lauparfections” on ths Moon
for example and changes oa the surface of the Sun - and
Calilso suffared harsh trsatment at the haands of the Inquisizion
for holding and expouading such herotleal views. e applied
his primitive device mainly to ohscrvationﬁéf the solar aystan,
but.uith it he noted a great incroase in the aunmber of visihle
stars and oxpressed the view that the Milky Way probdably con-
sisted of a very lorgs nuader of individmi stars. Ths talescope
openad the way to explortation further afisld and the first =3jor
step onut into space cama late in the 18th century at the hands
of the lisrschels, fathar and scna. ¥ith thelr telescope of
’aparture 48" they gazed out at ths Univarse and sawy it 235 a
gigantic mass of iandivual stars, moving as a2 vhole around their
connon centre of mass,

The modern view of the cosnos iz of sn enormocus number
of "island universes" enormously remote from each other, sach
consisting of countless millions of indivual stars separated .
from each other by such fantastic distances that the average
density of space is not far fros that in a vacuun. Cur whole
Milky ¥Way system of stars is just one of these islend uaiverses.

' This renarkable picture stems from the datailod work
of Hubble and his associates in the years since 1920, with tha
aid of the series of large optical telescopes that have seen
perfectad in the U.S.A., - notably the 100" at Mt. Yilson and
the 280" at Pzlemar, As tho astronomers sharpened their tech-
niques for measuring distances in the almost unimaginadls vast-
ness of space has coma the realization that the Universs is net

enly limitless, but apparently expanding, because 21l the galaxies?®

*A galaxy is the naae glven to an aggrepate of stars, numbering
hundreds of millicas which origlnatad from the saze dust cloud,

and so balonz to tha sa=ma system. Thae Milky Way of which our Sun
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radic waves which come from ontsids are extragalactic




.seom to be tushing away from sach other the faster the
furthor sway they ave, This apparent expanzien of the
tUniverse as 2 whole i3 deduced fros the faect that radiation
£rom 2 sourc2 which is veceding shows g Dopplar shift towards
the red, 1.0, is shifted to lonper wavelengths by za axount
which dapends on 1t3 speed of recesdion, lLight waves fron
reomote galaxies show such Doppler shifes, \

It was in this context of an oxplading Univazae
that radio astronomy was born - mnot a3 g dallberate offort
to forgs & new toel for the further exploration 9f apace, but
83 an olagnﬁi exarcise in wodarn slectrenics, in the hands of
2 band of enthusiastic radic ongineers and physiclses who
wars keon to oxplors some of the snomalies thet had been re-
vealed during the major World ¥Wer conflapvation of 1932-45%,
It was soon clear that the world of radio stars which they
revealod was the familiar world of ths optical astronsmars
viewsd through a completely new wiadow throush the atzosvhere,
one that gave wider psrspective, new information and more

distant views, Figuze 1.

Cosmic Radio ¥aves

SBeveral yoars after the historic discovery of radio
waves by Hertz in 1827 the first rocordsd sugzestioa that such
waves might oripginate in the Sun and perhaps de datectable hare
was made by Thomas Tdison {1388), If he did try to datect
these waves he was cbviously unsuccessful, as was also Sir
Oliver Lodgae, who mads sn attesmpt £o Jo this some tisa between
1897 and 1909, This was scearcely surprising since amplifiers
had not then been invanted and ths best avalladle racoivers
rolied on cruds "coharers” nade of notal flliings ss detoctors.
Thers are no further recordsd atteespts 2o recsive radie enission
from the Sun for almest 52 vears, when advances in radio re-
ceiver techniques, aided by tha rsvolution In eloctronics which

had been stizmulated by the forcad-draught daveloprents of




of Wor%d Yar II, had rsached the stage wharas dJdetection of

the solar radlo waves was beginalng to be feasible.

#adio ¥aves from the Milky ¥ay

The flrst radio waves of extra terrvestrial origin
to be detectod cams however not fros the Sunm byt from the
diraction of the Milky ¥ay - thanks to 2 nice piece of dJotec-
tive work by Karl Jansky, a young radio engineer of the Rell
Telsphons Laboratories, Yew Jersey. Jansky had been assigned
the task cf investigating the incidence of a form of inter-
forance known as “static” on the short-wave radle circuits in
the 15 metre® band which were coming iato use in the early
1932%s, Jansky found that, unlike at the longer wavelengths
{(which hsd besn the only ones availsble befors) static was
gongrally 2t m low level excspt when there were active thunder-
storms nearby. Howaver, hao noted thst a very steady forn of
interfareace which sounded 1i%e 2 hiss was continuously present
and that its dirvection of arrival changed steadily througlout
_the 24 hours. Ia January 1932 he racorded "during ths month
of Decsaber this fellowed ths Sun almost exactly, making it
2ppear that perhaps the Sun causes this interferance, or at
least has somathing to do with it”, liowever by Fabruary 1332
ha realised that the dirsction of arrival was no loager follow-
ing the 3%un but was procediag it in tine as auch as an hour,
As the moaths wsnt 5y the deviastion froz the Sun's direction
contiausd to incrsass steadily, ruling out say sessonal effect,
and Jaasky fiaslly caxe to the comclusisn that the disturbances

were of axtratsyrestrial origla, cosing from "a directica that

* Radio waves maey de spacifisd either by thelr wavelength

or by their froguency (£): they travel with the velocity

of 1ight (¢) so f x A = ¢, I1f € is oxpressed in megahert:
(2egacycles per secend) and A in metres then £ x X = 300, i.e;
radlo waves ef frequency 20 M!z have a wavelength (in air) of

15 motres.
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.‘.hm)rs iies in 2 plana ghat &3 fixasd in spacze™., This dirsetion
coincided with that »f the ceatra of our Salaxy, the Milky Way
in the constsdlation Sagittarius. e conecluded thsat thae sourece
of thesa radie waves must 1ie “either in the atars thazselves
or in the interstellar matter distributed throughout the Milky
Hayl. Jaasky was thus the first to observe radis wavaes of
axtra terrestrial origin whoss spurce was not the Sua but the
Galaxy. The historie paper annouacing his discoveries was
published in 1933 and ssveral othars describing sspects of his
findings followed scen after, Somewhat later he was trans-
ferred to other duties and took no further m in the serial
sxploration of coswic "noiso” - so callad because the sound

of the extra terrostrial signals resembled that of the valve

and cireuit noises with which radio snginsers were familiar.
Except for another lome American worksr, Crote Reber, interest
in vadio astronomy appears to have lapsed, DNeber, a keen

ralio smatewr who had “worked all coatinents™ and was leooking
for other fislds to cenquar, was inspired by news of Jansky's

discoveries and decided to explors the way In which the intensity

of cosaic static varied with position in the sky, and at different

vavelsngths, He decidsd that ths only feasible type of antemna

systen would be a parabalic reflectsr or airrer and thus pionesved

the idss of the paraboloidsl antenna for use in radio sstronomy.
In his spare tize, 2nd using hils own funds, he p}oduccd a woodan
dish 31 ft. 5 ins. in dlssster and surfaced with galvanized iron
in the remarkably short time of four months, from June to Sep-
tezher 1937: the original dish is now preserved at the American
tigtional Radio Astronsmy Observatory, Greendank, ¥est Virginia
(Piate 1}.

Reber's First atteapts were made at a wavelength of
5 ¢ws,, which was near the shortest wavelength them attainable.
“s found no signals which were unguestiomably of celestial
origln, nor was he any =mors successful vhen ha bulle hinsolf

new equipzent for uss at 33 cma. By then he was convinced
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. that he neaded hizher sanaitivity and to work at longer

wavalengths, 30 he rovised aand redbullt his recaivers for

uso nt 187 cms. First tosts providsd quite a shock "since
2811 %inds of man-mads elactrical disturbaaces could now be
hoard which wers not known to exist” - chiaf among them that
due to putogobile ignition. Howevey, during the nights in
the early spring of 1533, unriszaksable avidence was obtained
of cosmic static from the direction of the Milky Vay. After
further improvements to his equipment Peber carried out a
complots survey of the skics and by 1944 produced the first
radio map of the heavens., The varying contouras showed that
there wers a number of subsidisry maxima within tha Milky Way,
notably in the censtellations of 3agittarius, Cassiopeia and
Cypgnus. Por-tion of this Is showa in Pigure I, together with

a suction of 2 morp modern survey.

Radlo Yaves fron tia Sua

Thoe point &t which rsdio waves from the Sun wore
First detectad and rocegnized is obscurad by the fact that
this occurred during Werid ¥ar I, when the nermal free inter-
change of scientific i{nformation was iInterrvupted by the ra-
gulrements of secrecy. G.C. Southwarth and his colleagues
at the B2ll Telaphons lLaboratorlas, liolondal, New Jersay,
He5.A., Woroe alnost cortaialy the {ivst to raceive solar
radio waves, This cccurrad on 29th June, 1242, when thay
pointod their antenna st the Sunm and noted zn increase in
the ncise eutput from the receivar, at a wavelsngth of 3.2
cas., About s wesk lster they obtained similar results at 9.8
¢as, , and made furthar ohservaticns at intervals during tae
fallowing months, as their wartime activities permitted,
Reber, absut a yoar later, discovered gquite indepéndently ® at

he could receive radio waves from the Sun and was actually

the first to publish ovidence of this. In retraspect, howavir,




.1?-. 13 clear that zolar »adio waves hal made their pressncs
falt as early a3 1934-37, whon a nunber of koea short-wave
listeners had yvsportad hearing strong hissing sounds from theilr
racalvars: thess occurred only Jduring daylisht hours, =nd somo-
times just befars tho onset of 2 radio fadesut, Thess wers
years of rmaxzizua sunapot activity, but the "neise" was not then
roecognized as helng of solar origin. Again, in Pebrusry 1942,
Aray radar sets in Englaad, scannins the skies for.signa ef
approacking snsey rziders, rapertad streng signals wihich ware
noise-1ike in charactor and moved in pesition during the day,
but were always within a few dogroas o7 the Sun., Thay wera
racorded as almost continrucusly prasent fros dawn to suznast on
27th asad 2&th Februsry 1242, Sebsaquent 2ralysis by J,.S, Ny
of the bearings and elovations measurad at widely separated
sites throughout Great Hritaln provided atrons evidencs that
the disturbances wera of solar originm, Southwortii's results,
howsver, were not farmally pubiished until 192485, and Hoy's
until 1946,

A sigaificant step in the history of radioc astronomy
was tho decision by (the late) J.L, Pawsey of the Radiophysics
Laboratery of the Ausiralisa Commenwealth Scientific and Indus-
trial Reseavrch Organization {the “C,S.I.R.0."}, located in
Sydney, to 1nvestigaic veports he had rscaived from Hay of the
intense radie “noise” from the Sun which had jammed British
radar sows in 1542, lsing 2n improvised recsiver connected
to the aerial of a Zoyal Australian Alr Force radar station
near Sydnay, Fawsey, Mclraady snd Payne Scott first detected
the Sun on 3rd October 1943 at a wavelsngth of 1.5 matras,
Daily observations wers continued and soon revealed a plcture
very diffaront from that found by Southworth at centimetrs
wavelengths: the ganaral backsground laval was enornously
higher, correspoanding te thzt from 2 black hody at 2 tempor-
ature of about a nillion degrees, and superimposed on this

were increases which showed 3 day-by-day correlation with
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‘he visiblae sunspofs. N.P. Martyn, Rlsoc of the C.S.1.R.0.
explainad the hizh observed tempsrature as due to the fact
that radic wnves of matre wavelengths have thelr origin in the
solar corera, nat in the vhotosphors in which the fua's 1light
chiofly orizinates and which w2 know to be at a teaperature of ‘
abenut 5350°C, hortar radle wavalengths cous fron lower lavels ?
in the solar atmosphers whare the teapserature sbove that of the |
phetesthere, but lower than that in the corona. .

The corralation with sunsmots was investigatad by ,
Pavsey and his colleagues In & now femeur series of observations
which hegan dt Dover Heights, near Sydney on 7th Pohruary 1844, using

a radar merial system lcocated on thas edge of a cliff 239 feot |

above ths sea. Ses Plate II. Thesy ohservations zark an

irportant historic nilestone in the development of radio astronezmy

beecnuse thoy vepresent the first uwse of an interferomecter to

pearforn sccurate direction €inding on sn extraterrestrial obiace.

{Interforometers ars dovices {n which two or msore 2erials are

cesbined in such a way as to sinulate the dirsction-findiag asbility

of 2 nuch larger 2eorial syston, and ars daalt with =ere fully

ia Chapter 3.) In the following days FPawsey and hils collespues

establishad that locally-emittirng regions wore prasent on ths

Sun and that these ware associated with the regions in which

sunspots ware visible. It 15 perhaps a fortunate colncidence

that one of the largest singla suaspots ever to heo observed

should appear just whon radio interfarometer technigues were

ready to be tried out for the first tizo. ¥ew venturas in

science are raroly rewarded so gomerousiy, or 2o nroantly as

followed on this occasion. These exrly discovarios woras

roported in letters to the English sciantific weskly "Nature,

and were the first of a series of scme thousands of scientific

papers on radio astronowmy which form an imnortant part of the

documantation of this new branch of scionce.

Tae Dover ileights observations mark the besinning of

2 continuing seriocs of studies of tha radlo Sun dn which
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Australian radio astronomers havs continued 20 take the
.iniziati'n. Another key obssrvation was made in Sydney on

3 March 1947 when one of the greatest outbursts of all time

was recorded (Pig. 3). "Outbursts™ are the sudden increases

or "outburats” of solar emission which Appleten and Hey in

England had found to be associated with solar flares. Striking

features of the record obtained on that morning are the very great

intensity, corresponding to a black body temperature gresater

than 1013 degrees Xelvin, and the progressive delay in time of

arrival high frequencies first, low frequencies last. The

latter feature prompted ¥ild and MeCready to develop a recsiver
which could b; tuned rapidly over a wide range of frequencies:
this was the first of a series of "radio-frequency spectrographs”
which have proved invaluable in the xuz study of the Sun, snd led

to the discovery of a series of short-psriod disturbances in

the solar atmosphers. The first and most spectacular of these

was recognition ¢f a disturbance moving outwards in the solar

atmosphere, exciting plasma oscillations st successive levels

ca the way, as the source of particles streans ejected from the
Sun, These particles are responsidle for magnetic storms and :
major disturbances in the ionosphere whem they enter the earth's i
atmosphere gsome 36 heurs later. Radio studies of the selar |
atzesphers have continued in Australia more actively perhaps, l
than snywhere else in the world: the most recent contributien
to observational techalques in this difficult field has been '
the Culgoera Radioheliograph developed by J.P, ¥ild at the
CSIRO Radiophysics Laboratory. This remarkable device provides
redio pictures of the Sun at a wavelength of 3.75 metres at the
rate of two per second, cne in =x each of twe planes of polar-
ization, and this effectively continucus watech has already led

to clarification of some of the complex phenomena which take

plsce in the solar atmosphere. A fuller account of work on

the radio Sun is given in Chapter x




Radio Stars
. Anather of the historic "firsts” aade frem the cliff
tops at Dover Heights, nsar Sydnsy, was the discovery and identi-
fication of the first radio stars., While Rader had fouand sud-
sidisry maxima embadded in the Milky Way, and Hey and his colleagues
in England had located sharply-dafinsd peaks in the strength of
the radio wvaves in the direction of the Galactic Centre, snd in
the constellation Cygaus, it was J.G. Boltoa and G.J. Stanley
who first showed (in 1%47) that the Cygnus source wes less than
2 minutes of arc in diameter, that is, effectively r "point” source.
This was also demenstratod shortly afterwards by Ryles and Elsmors
in England.

Eolton and Stanley observed with the ¢liff interferometer
which had proeviously been used for solar observations. They
pointed their aerial toward the sastern horizon and detected

radio sources as they rese zbovs the sea. in addition to the

scurce in Cygauus, which they named Cygnus A?, they found several other

sources, and located their positions with sufficient accuracy
to be able to identify one of ther (the Crab HNebula ian the con-
stellation Taurus) with a2 visible object. This, the first

radio source (apart from the Sun) which could also be soen optically,

POOTHNOTE (to Cygnus A)

The first system of naming discrete sources, introduced by Belton,
used the nane of the constellation followed by a letter indicating
the order of discovery. Ryle, Saith and Elsmors (Cambridge) intro-
duced a system based on the hour of right ascension followed by

a2 serial number dozinning frem .01. Mills introduced a grid
rofersnce system using the hour of xight ascension and the sign .
{¢# or -) and tons digit of the declinstion. Boltoa's source

Cygnus A is thus 13.01 according te the Cambridge systea, and

13+4 in the Mills' catalogue. As increasing numbers of sources
ware located it became necessary to adopt a more refined clas-
sification and that now universally used is a grid reference systea
similar to that iatroduced by Mills, but making use of thas hour

and minutes of right ascension, togather with the sign of the
doclination snd its value ia degrees. The modern nomenclature

for Cygnus A becomes 1937¢40,
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is asseciated with an unusual object the remains of an exploding
.ur, oF superndva, observad by Chinese astronomers in A.D, 1034,

Bolton and his colleagues found also that two nebulae, NGC 4436
and HGC 5128 colncided within their limits of error with two
other radioc sources. Ho celestial object appeared to corrsspond
to the Cygnus source, howsver, and it was not until some years
later thas this was identified, The need for a radio telescope
providing a fine pencil beam for accurats position finding was
the challengs which led B.Y. ¥i1ls of the Australian C.S.I.R.O.
to devalop the cross azaaax sntenna which bears his name (see
Chaptar ), and Mills was the first to draw attention to a
nsbulous cbject near the position of the Cygnus source. Howaver
it was 2 mors precise position found by Smith, and Elsmore

at Canbridge which lad Palomar astronomers, Baade and

Hinkowaki, to undertake a special study of that area with the
200" tolaescope. Thia proved to bs a highlight of the early
achiovements in radioastronomy because the radio waves turned
out to be coming from what the astronomers interprested as two
galaxies in collision, a cosmic catastrophe taking place in

such a remote corner of the Universe as to be near the limit

of visibility with the world's largzest telascope - and yst the
object “shines”™ as the second brightest radio star in the skies.
Advances in sstronemy havs invariably followed the introduction
of new mathods of observation, and the sdvent of radio technigues
has besa no exception, The implicationm that horizones could

be extended well beyond their present limits by the use of

radio methods did much at that time to confim radio astronomy
as thoe nost prosising new development to have appeared for many
decades,

At the outset despite the fact that the original werk
on cosmic radio waves had been done by Jansky and Reber in the
U.S.A., virtually all the ploneering developments in this new
fleld ux were carried out in Australia and Ingland, A3 new dis-
coveries wore annocunced, and the scope and powsr of the new

methods of observation became apparent larger and more
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'histicatod radiotelascopes have appeared until every major
country of the world has now bulit up advanced facilitiss for !
work in this flold. In the process thag parsnt technologies

of radjio and eloctronic enginssring have bsen 88t new goals and
given new impetus by the demands of the astronomers, The need
for recaivars of very lov noiss levsl, for sxanple, has led to
the devalopament of new devices and new saplifying techniques
which make possibles the attainment of sensitivitiss that ware
undresant of scarcely a decade ago, - and have desn of izmmense
benafit in connection with the prograsme of space exploration by

satallites. However the motive for end end preoduct of thase

investigations is primarily = better knowledze of the physical
processes at work throughout the cosrnos - and satisfactioa of
man's etarnal curiosity to know moxe about the origin of the
Univarse and of 1ifa itself, Seisntists agree that conditions
for 1ife as we know it almost certainly exist elsewhere in the
Universe: so far thers 1is no siga of intolligently modulatad

31 ;ials amongst the spectrum of cosxnic radlio waves, but the
recont discovery of ealssions from such molecules as water,
annonia ard formaldehyds provide clear svidence that not only the
conditions but also that the necessary ingredients for life ere

appareatly prssant in abundancs at many pointas within our Galaxy,



