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A . Cliapter 2 - Orisin of Cosmic Radlo Kaves, ‘

If cur eyes happoned to be sensitive to radio woves \
instead of to light waves then the heavens would take on a
conpletely different appearance. The day tize scene would
not be dominated by the Sun but by a numbsr of bright "stars™
where we had not beaen accustomed to seeing anything st all.
The Sum, a pale shadew of {ts former self, would be remarkable
only for the fact that its brightness eccasionallf underwent
sudden and marked varlations, Ve weuld net ba able to see
eny of the familiur stars or censtellations, although the Milky i
¥ay would shine with great intensity. A1l this is an indication
that the radis smission from ths Lesvens generally originates i
in different processes fyom those which produce optical radiationm, é
The earliest obssrvations showed that the radio waves

were coming from very localized repiens of tho skies and suggested
a stellar origin, temtatively renad redic stars beceuso they

did not sesm to coincide with any of the bright visible stars,

The very first identification however - with the Crab Nebula

and several other paebulae which ars in» Tact galaxies well out- ?
side our own - tendod to varify Jensky's puess that the orizin

lay in the mediu=m between the stars, Since the Sun is un-
doubtedly & sourcs of rodlo waves eother stars pust also contri- i
bute their gquota but, becsuss of their remcteness, thisc appar-
ently accounts for enly 2 s=all fraction cf the total., Most
of the cosmic radio waves are genaratad within highly rarefied i
and usually ionized zas, predeminantly hydrogen, by the acceler- |
ation of elsctrons which cccurs whenever they are made to change
their direction or spaed, The rvesidual particles produced i
when a gas is fonized, l.e. the iens, or in the case of hydrogen
protons, ars much heavier thsn the electrons and so are not

efficient radiatora,

A numher of quite separate mechanisms are involved in
producing the cosmic radic waves; sowe of them it is not

rossible to reproduce irn the laboratory. The processes we



know of fall into twe broad cateeories; therymal radiation

vhich all bodies emit 23 a direct outcome of the agitation
of the elementary particles of which matter is composed, i.e.

of their tomperature; and non-thermal radiation which rosults

when olectrons arve accelerated in other and more emergetic
ways, The chief sources of the former are solid bodies such
as the moon and the planets, and clouds of hot ionized gases
which exist in the Sun's atresphore and in the HII regzions®
with which the Galaxy 1s studded, Examples of non-thermal

enission are line radiation which is given out at specific

frequencies; according to the emerpy quanta involved, when
electrons change from cne eonfiguration to ancther within the

atoms to which they belong; syachrotron emission ubich results

when unattached electrons spiral arcund the lines of force in

a magretic field; and radiation from plasra cscillstiers,

which can take place when the opposing charges within a plasza
are mopentarily separated and then take up their former pos-
itions.,

No modulation of any kind bas besn detected on the
celestial radio waves so the enly charscteristics available
for study are their strength or intemsity; their spectrum or
intensity varistion with wavelength (or frequency): and polaris
zation,

The strength of the radiation is usually specified as

the flux density (S), i.¢. the energy resching the carth per

unit area per second per unit interval of frequency, rsference
to @ frequency interval being necessary because intensity al-
post invariably varies with frequency wavelength. In B.k.s,

units this is expressed in watts per square metre per cycle

®iinhly rarefied gases, predemimantly hydrogen, exist throughout
tho Galaxy. Aress where the bydrogen is noutrsl and optically

invisible, astronomers refer to as HI repiens; where 1t is

heated and ionized by radiatioa from 2 nearby star end so becomes

luminous, HII regions.



.ncond (w.m'zfc/s)':). Poy source3 which subtend an appreciadble
anzles and whess emitzed flux Jdensity varies with position the
torm brightness is used: this is the [lux density from unit
solid angle, expressed as waits per squars metrs psy cycledper-
sscond per steradian, The flux density 5 from a source of
uniferm brightness 3 which subtends s solid angle of § sterad-
sans 13 then given by 5 = éa.

£p slternative way of oxpressing dbrightness is in teras ¢f the
tesperature of 2 black bedy which would yelld the observed
bLriszhtness: this i3 discusaasd helow,

The ‘cosnic radie waves can be ohserved over a very
wide zanpe, frem & fow nillisstyes wavelength, whers absorption
by water vapour and oxygea begins to be severs, te several hume
dzed metres or 20 where rvaflection by the lonesphere prevents
the waves reaching the groend. The way in which the flux
density recelved froe 2 source verjes with wavelsngth dorends
upon the mechanisn resporsible for the exission snd its spectrum
is therefore en ilmpeortent charzcteristic of a source,

The variatien of flux density with weovelength is
ususlly expraased in the fore

52",
n being the flux donsity sreetrsl index, ¥s ahell see belew
thet for purely thermal radiation 5 = x'z, {.e. the zpectrsl
index 1s -3, Tor non thermal radiztisn ¢f synchrotron origim
2 ® 3,7,
Some sxasples of spectrs of various kinds ara given in

Table 2, neze .

Therral Emission

The emission of slectromagnetic waves is 2 basic property

of all matter. Ve are well mware of the light snd Leat radiated
frem 2 body if it is hot encugh and that its temperature can be
gauged quite accurately by its ¢olour - the priaciple om which
the eptical pyrometer is based., However ws have no such in-

built means of detecting sloctromagnetic waves of the very much




v M=

lonzer wavelongzhs which conszitute the radio spsctrum, although
they are cortainly generated by the wide rvange of notioans poss-
ible for the individusl electrons, Ir the absence of any
specific drivine force the olectrons vibrate in a randem manner,
essentially indapendently of aach ether, The rodiation eaitted,
therefore, is incnhorent, covers sll wavelengths without any
sharp varistions, and is said to he continuous. Magnetic flslds
play no »art in the generation of thermal radio waves so the
radiation is not pelarized.

The relationship between the teazperature of a body and
the intensity of the radistion from it at any wavelength can he
derived theoretically from the modynamic considarations for
"black” bodies, i.¢. bodies which sbsord aly}adiatlon falling on
them, This was first given by Planck in a law which bears bis
name

3
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wheras 3(f) 1s the brightness 2t fregquency
h 13 Planck's coamstant (£.82 x 19“;‘ jeule-sacond)
s tho wslocity of lisht

-23 jouls par dezres)

£
£ is Poltzrmamn's constant (1,32 x 10

j T 13 the shsolute temneraturs of the bYody {dezrses X)
snd e is 2,71828.
In derivine thiz reletionshin Planck assumad ¢hat slactrons can
radtate crergy enly in bursts or quanta of amount hf, whers h is
a copstont nemad after hinm, At radlo frequsnciss £ i3 snall,
the quan*s are very small, srd bodiss hehave as though tho erergy
wate heling radiasted centimucusly, inztead of in steps, The
value of hf s slso g0 nuch smeller than KT (as long ra T is

not too cleosa to zaro) that Planck's Law can be rewritten with

sufficient accuracy a2

B(f) = IXT

ﬂ'J ":‘0
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. This was arrived 2t indspendently by Rayleigh asad Jeapi sad
is known as the Ravlelgh-Jaans Law, The way ia which the ‘
brightness of a black body varies with wavelength is illustrated
in Pig. 1: 4t can be sean to increase rapidly as the wvavelength
docranses,

Radis sources are net necessarily black bodies, but a
convonisnt way of specifying their brightness st any particular
wavelength (or frequancy) is in temms of the te-pafntura of the
black body which would give the same brightness at that wave-

length, This i3 known as ths brightness temperaturs, or eaui-

valent black body temperature, T,, and is derived froa the

relationship

B o= if;g watts.nctroa'z(c/.)'l ster.d‘l
by

The flux density from an extended sourca can likewlss be ex-
pressed in ter=s of a wnifors brightness tssperature and the

s0lid angle subteadsd

e 2,77 x 1073 Ig o vatt:.metras'ltc[s)’l
% !

If a body of uniform tempersture iz cmitting cnly
thermal radio waves, 123 temperazure will, of course, be
independent of wavelength and the flux demsity from it will
vary inversely as the squars of the wavelength (frcom the

relation S5 = 2,77 x 1077 "_'3 2 ), 1.e. a source for which
-~

8~ l'z can be identifisd at ence as smitting eonly therzal
radiation,
Tho spectral variation of the radic waves from the
Moon is fdantical with that frem a black bedy (see Flg, )
and identifiss their origin as thermael. Its intensity at
any wavelength canz be used to defline the tomperature of the
level at which the radiation criginates, which need rot necessar-
ily be the visible surface, Thermal radiation has alsc been

ebserved from the planets Mercury, Venus, Mers, Jupiter and

Saturn: in Jupiter's case non-thermal presesses are also



eparating.

Icnized Hydrogen

Clouds of lonized gases which exist in varlous parts
of the Galaxy are a prominont souvce of ther=al radio waves,
and thoy can also absorb radlation from sourcss whick lies
behind them, The clouds consist predominantly of hydrogen -
the so~-called HII regions - which Lias been foniaed by uitra-
violet light from 3 neardby hot star. Electrons ané propoas
are completely separasted frea sach other snd in randsgas motion
as a conseguency of thelr thermal energy: electrons occasionally
&pproach close enough te protons to be deviated by clectro-
static ferces (a nowinal "colligicn”), and the resulting asccel-
eration produces emission, the socurce of energy being the thermal
snergy of the eslectrons, The clouds are hot snough to emit
tha characteriztic red light of hydrogen, froa which the tumper-
atura can be determined: tiis is abeut 12083%Z for most of the
HII regiens,

The Crlen Xebuls {sss Plate IV) is am sutstanding
exasple of an Il region, just faintly visible with the naked
eye but a magnificent sizht in & s»3ll telescops. Tre zadiation
from the gas ¢louds is effectively spread over all wavelengths
without any sharp discentinultiss and is said to be conticuocus,

When an electromagnetic wave enters an ionized plasma
the elsctirons sre accelerated by the electric field in the wave
(the protons to a negligziblie oxtent bescause of thelr muclh greaster
pass) and if they then undargo collisisns with the heavy icns
the energy leost in the procsss will bte 2t the expense of the
incident vadiation, which will thus suffer scme absorption.

The sbsorption coefficient (3} feor 2 plasna of fully ionized
tydregen 13 4 complicated function of the electren density (N)
and the gas tepperature ¥, sr approxisate value for radio fre-

guencies used in radio astronomy being given by

. B nt
bl 2 5



. The incident wave will be raduced %o e

Ks of its original in-

tansity after travelling a distance s in such an sbsorbing
nedium, {,e. it loses a fraction (1-0“‘") in this distance,
It can bto shown that the brightness terperature of 2 sladb of

gas of thickness s is glven by

Ty » T(1-27%)

gad its Lrightness is therefore given by
??-‘. -3
Bow =I§ (1-e77%)

The quantity (1-077%) i3 kpown as ths “epacity” of the slab of
plasma:r the bhrightness terperature of the slsh of gas ia thus
the prodect of its temperaturs and its opacity,

¥hen ¥a has 2 value considerably sreater thanm unity,
i.e. vher the clond is eopague, the expression within the bpacket
becomes unity and so ‘i‘?a - T 1a,aoa°x. The gas therefore emits
2s a2 black body at that temperature., This happens at the longer
waveleneths, asbovs about 3 metres. £t high vadlo frequencies

however Ks ie much lass than unity, seo

Bw KT, = 0.2 XS
ROl e o

f.0, the drightness is inderendent of wavelength. The opaeity
fnils off rapldly for wavelenpgths shoerter than adout 3 metres,
The spectral index for thormal radistion from HIT reglons thus
changes from za index of -2 {correspanding te dlack body
vadlation) nt lonp wavelengths to on index aof 2 an the wave-
length becones shorter {see Fig, ).,

HIT rezicons are relativelyr prosinent sonrces of radio
emission at short wavelsngtha but stand out as dark clouds at
long wavelenpths bacause they shsork the hizher temrerature back-
ground radistion coming from regions hehind them,

The brigshtness of redio sources which iie behind seni-
trarsperert clouds is modified by thess absorbing secrsens, '

Supposs an emitting reglon of true brisghtness is Ty is obsaerved

to h
ave a brightaess Te vhen observed thsaiiing lblorb!n,

"



.nediua of squivalent tempsraturs ?E. Then tha flux received
at th2 zround will be the sux of thot which passes through the
zediun plus that rediated by the zedive itself.

It was shown sheve thet the brightness tenperature
of a sleb of gas {3 given Ly the product of its tamparature

(Tﬂ} end the fraction of the irncldsent wave which is absorbed

%2 ~%a
Thus Tn - Y‘ I > Tn {i-= 2

Hewco 48 ue brightness tesperaturs of the backgrouad
region 18 the ssme as that of the absorbing cloud, i.e. if
Tn = Ts‘ thaQ Ta " 7! apd thers will be no indication of the
presence of the cloud, If howaver the background brightnoss
is grestor tham that of the medius the cloud willl sppear less
bright, i.e, 1t will sppesr darker in eisocrptien., Conversely
if the tomperaturs of the absorbing cloud is the higher, then
the observed brightness will be higher thap that of the back-

groemd and the cloud will appsar brigkt is emissien,

H¥en-Thermal Emission

Radiation which 1s the vasult of other than thermal
processes is characterlsed by 3 recognizably different spectrua,
The chief processzes responsibie for non-thermal redliation from

extyra teryeatrial are 35 follows:

1, Line Fmission

Light waves eriginate zostly from atomic or neclecular
processes and hence tend to sccur at discreto frequencies, whose
rrusence or absonce in the light frem 2 star has provided the
basls upon which virtually all cur Fnowledge of the physical
conditions on celestial bodies had been bassd before the advent
of radic astronomy, Cosmic radio waves, for the rest part,
erize from processss which yeault in more or less continuous
exnission, and until 10951 511 radio astonomy obgervations were
carrisd cut in this “continuuan™., As carly as 1945 van der FHylst
bad predicted that radio frequency exissiocn at 2 wavelength near

21 c¢ms showad result from s "hyperfine" transition which is



.possib‘ia for thas a2inzls oleactron of the hydrogsn stom and that
this emission should be detectabls. This nrediction was re-
inforced as the rosult of an independent snalysis by Shklevshy
in 1949, but it was not until 1251 that such exission wias first
ohaerved hy Ewen and Purcell st Harvard, Thelr results were
confirmed within a matter of weeks by Christiansen and Hindman
in Sydney snd by Muller and Cort in the Netherlands,

The "hydromen line” »as nroved to be one of the most
isrortaut discovaries of radis astronomy hacause the eamission
resules from cold nesutral hydrogen which Is completaly invisible
by optical moans. Its study has nrovided s power ful neans fer
investizating the structure of cur Galaxy, and of other galaxies,

and for studying the propertiss of the gas that lies l.tween them

{see Chapter ¥,

Discovary of the hydreszsn line stimulated & search for
other lines in the radio frequency spsctru=, the first to be
attompied being the analogous iine €rew deuterium, which should
occuy at a wavelesnath of adeut 92 cm (327.38 Mez). A careful
search by 3 number of cheervers has, however, so¢ far failed to
dotect this emission, 2nd likewise radio freguency emission
from atoms such as carbon, silicon etec, which ore known, froa
op;icsl pbservatienz, to be sbundant in stellar atposphares.

Ko further lines wers found urtil 1963 when sbserption observed
8t a wavelength of about 1l2em in the direction of the Galactic
Centre was first ascrided 2o an unknown elsment "mysterion”

and turned out to be due to the hydroxyl rsdical O.ll. (sce
chapter 3o Discovery of the existelice of OH ia the gslaxy
came 3s a gr2at surpriset further observatlions suggest very
strongly that it 1s associated with the esarly stages of star
formation, and the 0,!1, ¢xission thus provides a means for loc-
ating protostars, The fact that conditions favourabls for the
formation of O.H. obviously exist within the Galaxy prompted
the search for other molecules and in 1068 a team at the Unl-

versity of California, Berkeley, was successful in detecting
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.‘s;c.ﬂ'r smission from asmonia, Nig, 3t a wavslangth near 1.25 cms

from 8 dense cloud of pas and dust (alse a source of OH) which
1ies in the direction of the galactic centra, ¥ot long after
thig the anpe grour repovted detection of the presence of water,
Hze. in interstellar ruzlons by pesns of microwave emission at
a wavelength near 1.3 cws which comes frow @ vetational trans-
ition in ths w¥ater zmoleculs. Ymissicn was observed from the
same clend which was found to contain srwonis, and'fron soveral
othey regicors, including the Orion Kebula, The mest recent
and wost surprising discovery of sll1 (1268) is that of & group
at the Arericen Natiomal Padlo Astronosy Croup et Cresnbank,
West Virginia, who have detected velatively strong emissicon
from fznaldehyde, at a wovelength vear & oes, in a nusher of
the rerions of dust snd gas which have beem found to contain
SF, Mg and water, These remarksble disceveries are dealt
with more fully in Chepter .

Transitions of erbitel slectrons betwesn esnergy lavels
of very high princirzl guantum purber can alse resslt in radio
frequency ermisaicn, This was fiyst dotectad in the U.S.S.R,
by Dravekikh et 21, ir 1964, the transition invelved belng
between levels of gusntum musher 1€5 and 104 for the hydrogen
atom. (This 1ine hasz been designated as 104s, the convention
being that zhe subseript a denotes trarsitions between lsvels

differing in quantum punber by 1, 8 for levels differing by 2,

etc,) Many such recombination lines have since been discovered

inveolving the hydreogen atom apd several fer the helium atom:
they are irvariably obsorved in sources associated with HII

tegions and indicate that the gas i3 in a highly lonised state.

Syachretron Radiatien

Radistion to with tiils name hias been given wag first

ohseyved as a glew of blue light in the Ceneral Electric Company's

synchrotron, cemrleted just after ¥erd ¥ar It it was explained
by Schwinger (1942) a3 2 natural consequence of the acceleration

undergone by the high-energy electrons as they followed spiral
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pati:e, with 2peady approaching that of light, around the lines
'or‘ fores of the streonms pasnetic field within the synchreotrom,

Alfrisn and Yeorinfaeom in Swedon wers tht>£irst to surgest (1550)
that synckretren radintion may be the gource of emission from
thie discrete radin seourcss: in the waaker fields to be expected
the ezizsien would be shifted to longer wavelengtha, i,e. to the
radie srectrus, Shortly afterwards Kiefenheuver explaiaed the
backyround of radio erission from ths Galsxy as origiaating in
thia wany, =nd sugpested that cosmic rays provide the source of
the slectrons, Later, U.S5.2.1t, theoretician Shklcvsky suggested
that not only the radio wavas but also the light from the well
¥nown radin source the Crab Nabula should oripinate in this manner,
The subsasausnt observation of rolarization of both optical and
vadis srissten from the Crab led to the pgenoral acceptance of
thies »echenism as g basic source of coamic mon-thermal radlo
weves,

The theery of the synchrotron process is complex, but
2 sivnlificd descrintion is as follews, A low-emergy particle
=oving 2t rircht sn2les to m magnetic fleld is comstrained to
dascribe a cireular path at & Frequency which i3 determined by
the strensth of the magnetic field and the ratic of change-to-
s232 of the particle, [FRadiation is ewitted or absorbed at this

frosuency, whieh is knowa as the gyro frsquancy: for clectroms

in the esarth's fonosphere this is approxizatsly 1.4 iz, In
tha very msuch sxaller flalds existinz within the spiral arms of

the ralexy (~10"3

gauss) the patural gyro fraguoncy for low
energy electrons would be only 20-32 herts. For electrons eof
hisher snergy and conzesuently movineg st higher speeds ths rvol-
ativistic increases in mass result in the erission of harmsoniles
of the gyre freeuvency, which as the sperd spproaches that of
light, cever ths whole radie range. The vesultort eslssion is
sffectively continuous but has e =sxisum at a frecuen_cy which

is dependent upen the total conergy of the eléctrens: for elec-
trons of enargy 109 glectron veolts, for oxanplo, maximum emission

occurs at about 60 mc/s (waveleagth of 5 wmetrss)., This radiati-




i3 concengratsd in a nayrow core centrsd on the instantaneous
directicn of motion of the electrons, erd a characteristic
feature is that it is reolarized ip a plare which is perpendicular
to the comperent of magnetie field at right angles to the line

of sight.

The spectruz of the emission frem a cloud of relativis-
tic elactrons within = radis source will depend upen the energy
distribution of the elsctrons themsalves, 1f the energy spec-
trup is ef the form ¥ = constent x B™2 whore K i3 the number of
electrons with energy T and o is the ensrgy spectral index, then
it can Lo shown that the brishtness or flux demsity of the radio
source will te preportional to 1(“'1112. If the scurce of
electrons i3 corelc ravs For whieh o is 2.4, them for 2 radio
scurce eaitting by the synchrotren nrocess the flux demsity
will ba

3 = constant X% 16'7.
Ohservaticns skow that srart from the Sun and the zaseous ngbulge
or HII regices, the spectra of both galactic and extragalactic
sources aye sicmilar and closely sprpreximate that of syachretren
radiation {ses Fig. 3 Thers is littie doubt that this is

2 bazic source of nen-therspl cesmic radio waves,

Cerenkev Padiatlon

vher high-energy particles peretrate a modimm in which
the valocity of 1ight is smaeller than their own, electromagnetic
waves are mdiated alomz a comical surface centred on their dir-
sction of rotation. This mechenise may account for soma of the
radio enfssion from the dense plasra constituting the golar

Coroni.

Plasen Oscllliations

A completaly differant type of non-thermsl radiation
i3 pozsible from a plasma or completely ionized gus as a resuit
of the natural oscillatiens which occur if the poslitive and

negative changes aro displaced and then releassd, In the case
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.of the Sur the excitation is produced hy stresams of charged
particles poving outwards in the selar atmesphere. Cscillntions
are excited nt the natursl plazma frocuency (which is determined
by the electren censity) ard as the 2lectron density in the sclar
corons decreases with beight, this results in bursts of emission
at successive levels, whose frequency decroases progressively
with tire (see Chapter ). A characterlstic of plasma escill-
ations is substantizl radistion 2lso at the harmonic frequency,
end direct obszervation of this in cennection with solar bursts
of particular tvpes has counfirmed the plesma oscillations as the
causative mechsniss,

Plasms oscillations have not been observed in any other
radio scurces than the Sen, Iz i3 possible, however, that they
may be vosronsible for the shoert duration hursts which have been

observed from flare stars.

Effects of @he Tewyestrisl Atmosphore

The wavelengths used in racioastrencny are large in
rolation to the Jizenzions of the particles 'in the atmosphere
which ars vespensible for haze, cleud and vaiz, apd sc radio-
astronomers sre virtually lzmuse f{rom interrunticns te thelr
observing schucdules dus te weather, Ia the passage of the
waves threugh the full depth of the terrestrial at=asphere, however,i
soma deviaticen and absorptlon occurs, |

The lower atmosphers ls virtually transparent to the
longer radlc wavelongths 1@t the sherter waves =may be attcnuated
as the rasult of simple 2ayleicgh scattering (= 1'4) due tc liquid
watey droplets in clouds, or by abscerpticn due to water vapour
oxygen. Attenustion by cloud i8 s=ldom appreciable at wave-
lengths longer than rbout 10 cms, Sbserption by atmospheric
gases bLecozos appreciable at wavelensths In the vicinity of the
water varour absorptlor line which czcurs st 1.2 cos and neer
0.5 c=8 due to adbserption by oxyger (szee Figure I).

The lenger wavelengths are zubject to sbsorption within

the ionosphere, particularly the pz layer, the amount depending

r



on the critical frequency of the layer in relatien to ths ob-
saxving fyequency. A fMarther zource of attenustion is the
severe absorption within the I layer which occurs duriapg radio
faceouts, i.e, following major solay flares. Tho lower limit
for useful radio astronemy observaticns is thus about 300 motres
(1 iz} and the upoer limit abswt 1 c= (30 Gitz).  Apart from
zhe effscts pentioned adeve the Intensity of the incominz waves
ray also be varied if atpospheric conditiens ars such - te
cause ¢ither convergenc? or Jdivergonce of the waves,

Fefrection effects =re nlse present beoth in the lower
atnosphere and witain the lerosphere, Pus to the high refrect-
ivity of woter the deviation of radic waves may bs about double

Lbat of 1ishit waves In  the lowany stwesrbere, a typleal value

© true elevation, The feviatrion rroduzed within

being 9.5% at 1
the iscosvhere becozes appreciable at the longer wavelengths

a tyrical velue for a wavelenpgth of § metres (68 Miz) being

20 minutes of are at a trus elevation of 3%, inowledsa of the
refraction effccts 1s rarticularly isportent vhen the precise

positior of sources is belnz detormined. °

ve intensity ef the incoming radio waves aften uadsry-
goes varked fluctuations with perlods of up to 3 =minute or so.
This has Loon shown te %e Jdus te meving irregularitiss in the
fovosphere saé Is thus smzlogous to the twiakllng of visible
stars, Ctier sharter nerled fluctustions Ynown as “scintilla-
tions” sre commonly ohservesd whem so-cslled volnt sources are
within & few decrees ~f the Zun, the effect in ' this case being
cue to varying d!ffractlon 28 the waves pass through stresns of

ket plasre Lbelng e¢jected from the Sun,

Effect of Magnetic Fleld

The geneoratien and propagation of radic weves in an
jonized modiuvm payvaded by a magnetic field such ny the terres-
trial icnosphere is covered by the magneto-ioric theory as

develeoped by Lorsntz and Appleten and will not be discussed

here,




. An e=sertial characterlstic of synchrotron radiation
is that i3 shows some pelavization; the first observation of
such polarirzntion was mude Im 2962 by Mayer et al, in the U.S5,A,
Shertly sfterwarde, folloring the cerpletion of the Austrelian
216 ft, redioc telescore at Parkes, came the discoavery by
Coorer, Gardner snd thely sasociates of Feraday rotsation in
the radio waves from ssvsral sources, gnd the Jdoronatrastion
that larpe-scale magnetic flelds exist in interstellar space,
Whan radio waves which are polarized pass through a medium
contalning electronz and 2 magnstic fisld, then the dirsction
of the plgne of welarization i3 retated by an arount which
depends en the strenzzh and orientation of tha fiszld, the
eloctron density, the length of path and the obasvving freauency,.
This is inown a3 thae Faraday sffset, The totartlen waves in-
vorsaly as the szqusrs of the frequaency 8o that from cbservations
2t a nusbar of frequancies it is possible 1o derive the direction
of polarizatien which would he obsarvad at ap Infinite fresuercy,
§.e. the dirsetion of rolarizatien, =nd hence of the magnetice
field, at the source. Fig. &,

Farsday rotatlon alin occurs in the Harth's atmosphere
but the offacts observed in the signals from the source Centaurus
A (the nebula XCC 5128} ars xsuch too sreat - @nd do not vary
with time of day « to be attributed to the loncsphere. They
indicate clearly the existsnce of a laree scale mapnstic field
over a large velure cof iuterstellar space: theoyeticlicns had
found it necessary to postulate the exiatence of such fields,
to account, for exazrle, fer the origin of cosmic rays aud to
explain the rajfestic structure of spiral galaxies, The first
dexonstration of the cxistence of such filelds, however, came
from the radlonstronczers., A serles of cbiervations, mainly
by Carvduer, VYhigeoak, Cocper and thelr associatss in Australia,
on a large numbor of mources saow that most of the Faraday rote
atiop tskes plsce within our own Celaxy. These observations
thus enable the Calactic magnetic field te be plotied (see

Chapter ) snd roveal its concontratien in the spiral amms.




. Freguency Allocztlieons For Zadio Agtronoey

The cosmic'siynals” with which radic astronomers are
concarned gre, in remerzl, at n levsl orderz of ragnitude
belew those doalt with in ordivory vadic communication practice,
and they orve entiyely noige-1ike in charvsctey, i,e, they carry
no modulntion which would serve to distinguish the= from inter-
fering signnls, Further, reccivers used are geveral orders of
magaitude more pensitive than these in cosmereisl practice, this
additicnal sensitivity ofton being achleved by the use of yery
wide baudwidths which render them very 3suscaptible to interforemce.
The fundama;tsl peasursnent in redie astronony, that of the
powey output frem the receiver dus tc the source bsing cbiserved,
is tius lspoasible to make in ths presence of apprecisble sigrpal:
levels frope terreatrial transwmissions or sources of interrerence,
The measurenants are also subject to oraors which ray be sericus
if nade in tha presence of interference which 45 2t s level s=o
lo¥ 33 to eszcara vecognitioe. Freodem frem interference from

man made transmissions iz thus wital an

-

1 becomine increasingly
eo as radlio astronomers reach even further into remote areas of
the cosnos,

The tasi of allscatiap I[rognancies among the varlous
copmunication services snd other users of the radle gpectruz -
and also of giving pretection to anthorised services from up-
authorised trapmsmissions - Is carrisd out by the Internatiecnsl
Telecommunications inlon, ons of the specinlized agencies of
the United Sations, The special nesds cof radlioastronomy ané
of apace gelonce In senoerzl wers censidered at an Dxtracrdinary
Adninistrative Racio Cfonference held 4= Gereva in 1963 =znd
received what can be regerdsd es substantinl recognition, btearing
in mind the fact thet compercial or militery services of leng
standing were alresdy esteblicked Ip wost of the wovelength
bands of intavest te rvzdienstronerers, The final cutceme cof
the Cenference was 2llocaticn to the radicestronomy service cof

20 separate toands within the rapnge 2.5 to 40 mc/s. Theze are




=g

. sat out in Anpendix . The wajorlty of then; however, are
shared with services which opergte transmitters, but several
offey idenl pretecticn in the form of sn exclusive allocation
to radicaztrenony throughout the world, The me3t useful of
these $5 n wide %and from 1495-1427 =c/3 for observation of
the hydrower lire, the other exclusive allocations being at
2700, 10,7, 1%5.4, 1%.4 and 31.% mc/s. The main deficiencies
are sdequats bande at the lengor wavelensths, whers the spectrum

is hezavily occupled with corpercial services, and radio astronomy

chsarvatiens can only bLe 2ade at liviteéd tives. The internatiomal

sclentific unfens intevested in radiec astroncwy (the International
Astronosizal Union (1AU} and the Internatispzl Scleatific Radlo
Union (U.R,5.7.}) are continuing to prass feor izproved conditions
throughout the spectrum and theye is hope that this will in due

course ke achiapvad,




