. Chapter VI - The Solar Systenm

The family of planets, with their moons or satellites,
which conatitute the solar system, originatsd in the same
enormous tenuous and rotating cloud of gas, perhaps scme
ten million million miles across, from which the Sun was
formed. As the central condensation (the Sun) grew in size
a small amount of gas was squeezed out into a thin disk, and
the planets finally emerged as agglomerations of the material
which had collected and condensed in this disk, Pantastic
temperatures of the order of 20 million degrees de?elopad in
the central blob, the Sun, as gravitational attraction com-
pressed the primorﬁaal gases by a factor of ten million or so,
but so much less é;torial was involved in the condensation of
the planets that, in the 5000 million years since they first
appeared only their innermost layers, if any, retain any
fraction of their former heat. The surface temperatures of the
planets and their moons are determined almost entirely by the
radiation they receive fro=m the Sun and are much too low for
the emission of visible radiation. The hemisphere facing the !
Sun is heated to temperatures which range from about 100° to L
600°C: reference to the curves of radiation from a black }
body (Planck's Law, Fig. page ) indicates that for 1
these tomperatures the maximum intensity falls in the infra
red and radio regions. The Moon and the planets thus shine |
almost entirely by reflected sunshine, although sunshine
scattersd back from the Earth's atmosphere contributes a small i
quota to the Moon, as can be seen at times of eclipse when it
glows & faint red as it 1ies in the Earth's shadow.

The main physical characteristics of the Moon and the
planets are summarized in Table . The planets can be seen
to fall into two distinct groups. The inner group consisting
of Mercury, Venus, the Earth and Mars, are of much higher L
density than the others and appear to be of similar cunpositioq, =

which must include a proportion of iren and other heavy

elements to give their observed density. The cuter greup, = |
Jupiter, Saturn, Uranus and Neptune, are much more massive :
but of lower density and obviously of quite different composition
Pluto is something of an anomaly and apparently had a different
origin, possibly once as a satellite of Meptune which managed -A
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to oscaype,
The Moon

Therxzal radle waves fror the Moon were first detected
in 1546, at a wavelength eof 1,25 ¢m, by Dicke and Beringer
ir the U.S5.A, The first ceasurscents of its temperature
from the intensity of its radio emission was made by
Fiddington and Minnett at the Radiophysics Laboratery in
Eydney in 1948, They cbserved daily, st the same wavelsngth
of 1,25 cm, throughout several coxplete lunar cycles of 28
days, the time taken by the Moon to coanlaste one whole rsvolu-
tion, The Moon has hsen a satellite of the Earth for so leng
that, thrndﬁh the braking effect of the tides it causes in
wvater masses, it has settlad down to the stable condition
where rotation on its own axis is completed on the sama time
as one revolution around the Earth, It thus always presents
the same hemisphere to us, but a constantly chaaging aspect
to the Bun, and so during the lunar meonth the Sun gradually
rises and sets on the side of the Mcon facing the Earth. Its
temperature should thersfere gradually rise and €all.
Piddington snd Mimnett found that the tenpéra:ure varied be-
tween about 200°% and 280°K during each , a8 shown in
Figure 1, but that the caximum occurred 3% days (45°) after
full moen, and also after the maxivum as determined froam infra
red measurements. This striking difference in behaviour, and
the fact that the variation fros= maxirum to minimum was only a
fraction of that as found from infra red measurements, they
interpreted as due to the fact that the radio waves came from
below the lunar xmxa surface. Infra-red radiation is readily
xx absorbed im a thin layer on the surface of rocks or similar
paterial, wherecas centimetre radio waves will penetrate several
centinetres inte the material. 3Below the surface the tempera-
ture variation is smaller because of the insulation provided
by the overlyinp material, and lags behind the source of hLeat

{the Sun's radiation). Support for this idea came later from

fa~ follrn
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observations made by Gibson during an eclipse which occurred
in 1238, when no appraciable vsriation of the Moon's micro-
wave temperature cccurred. It vas clear frem these peasure-
rents that the Meon's surface Is nrot solid rock, but covered
with dust or similar =aterial. It is interesting to note
that actual semples of the lunsr zaterial brought back from

the eyroch-making flight of Apollo 11

Radio emission from the Moon has also been detected at 75 cm
by Seeger in the Metherlands, at 33 cm in Frarce, and at
21 ¢m by several observers. Ccates in the U.S5.A, and
Salomonovich and Losovskii in fhe U.5,.8,.R, have carried out
chservations with a very narrow beawm, the former at 4.3 mm
in 1961 and the latter at 8 o= in 1963, which shov that the
temperature variation over the darker is greater
than over the lighter areas,

$xixxix It is interesting toc note that the best es-
timate of the demsity of the lunar atwosphers has conme from a
radio astronomy measurement by Elsmore at Cambridgs. He
found during an eclipse of the Crab Nebula by the Heon in
1956 that signals disapreared for 55.6 minutes, whersas the
céaputed time for the Moon's disk te pass over the nebula was
55.2 winutes, The extra time taken was - interpreted as due
te rcfrac;ion in the lupar atmosphere, whose density was
deduced to be equivalent to that of the Earth at a height of

about 500 km, i.e. about 2 x 12713 of that at sea level.

The Planets

The planets are heated by radiation from the fun and
emit thermal radio waves whose intensity is determined by the
teeperature of the surface facing the Earth at the time of

measurement, Their ansular dirzensions are very much smaller
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than the Moon, however, so they cccupy a smaller fraction of
the radio telescore's beam and the intensity of the emission

is at a correspondingly lower level, The aerial temperature
for Mars, for example, is about 0.25°K, and a sensitivity 10,000
times better than that required to detect erission from the
Moon is neceded. Radio waves from Mercury, Venus, Mars, Jupiter
xixxs and Saturn have now been detectdd: the only one which
has emission processes of its own is Jupiter, despite the fact
that its thermal emission is that of a very cold body at a2
temperature of about -100°c.

Merxrcury

Mercury is the smallest and probably the densest of the
planets, and the nearest to the Sun; its maximum angular
separation from the Sun is only 28° and because of this it is
not an easy target for either optical or radio telescopes. It
was the last of the planets to be detected by radio. Like the
Moon, it is dry, without atmosphere, and tidal forces (in this
case due to the Sun) have slowed its rotation to the stage
wiere its "day" is as long as its”year", each being equal to
88 Earth days. One face is thus subject to continuous heating
from the Sun, and infra-red measurements of the surface tem-
perature of the sunlit hemisphere (made by Pettit and
Nicholson at Mount Wilson) yield a figure of = 61301, i.e. more
than enough to melt lead!

Radio emission from Mercury was first detected in 1961
by Howard, Barrett and Haddock of the University of Michigan:
the observed aerial temperature was only 0.950, from which they
deduced a black-body temperature of approximately 400°x.

Venus

Despite the fact that Venus is the planet which most
closely resembles the Earth in size and mass, and comes nearer
to us than any of the others, the state of its surface and
corposition of its atmosphere are still subject to conjecture.
This is primarily because optical telescopes have not been

able to penetrate the dense and almost featureless cloud layers
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which perpetually hide wiiat exists besnsath. Lying as it does

betwsen us and the Sun it shows phasas liks the Modn hut at
13 clesast approach, at iafarior conjunction when it is be-
twxeen Farth and the Sun, its dark sids is presszated to us,

We soe it fully illuminated st superior conjumction, but by
that time it is some six times as fer awsy and 2 correspond-
ingly smaller target.

Srectrogrsrhic analysis of itz light shows that the
Venusian stwosphere consists predemirnantly of carbén dioxide
with perkers a trace of water at the hiphest levels, but no
oxygen hzs been detected, The presence of substantial amounts
of water and oxygsn in the Varth's atmosrhere, however, makes
it difficult to detect very small cuantities of these substances
in external bodies, Tamreraturs measurements by the usual
infra-ved methods give a fipgure of 234%x 2 (—39°C), but this
roferz to the level in the uprrer atmosphere where the infra-red
vavolsansthe ave akmax absorbed. The temperaturs at the top of
the cloud layer is satixated te be about 285%x (IZGC), é;:ﬁan
analysis of the vizibis spectrusn,but ne information about con-
ditions on or near the surface wss available until radio methods
were Ilntroduced, Venus, ia fact, was the first planst whose
temperature was estimated in this way, when Mayer, McCullough
and Slcanakey at the HNaval Research Laboratory ia Washingten,
D.C. deotected its radio exission at 3 wavelength of 3,15 cm
on 2rd May, 1956, The value they obtained - sbout 600°K - was
wuch hotter than expected and finally disposed of the possibility
of findiag life on the planet. Since then radio emission has
been meszsured at wavelengths from 2Zlcz down to 2 few willimetres:
from about 3 cm upwards it i3 equivalent to that from a black
body at a temperaturse of about 626%% (or 3SU°C) and the indica-
tions are that this represents that of the surface of Yenus,
Yenus is cleser to the Sun than the Earth but not by enough to
account for a surfaco temperaturs more than dcuble that to

which we are accustomed. One explanation for this is that the

atmosphere is relatively transparent to inconing solar radiation
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but opague to the longer wavelength radiation from the heated
surface, and 8o exerts aa offect similar to the glass of a
grecnhouss.

The intensity of Venus' radio emission is some 30 tirces
zreater at its closest approach and mest of the measurements
have been mads around that time, i.e. when most of the sur-
facs facing us aprears dark, An extended series of measure-
ments to investigate whether a phase effect similar to that
¢f the Mooa was also present on Venus was made rec;ntly by
Mayer, Mclullough and Slecanaker, using a wavelength of 3.15 ca.
They found that the equivalent black body te=mperature varied
from about 730°K for the illusinated hemisphere to 550K
fer the dark side, and also that the minimus tesperature
occurred about 12% after inferior comjunction. Cne interpreta-
ticn of this i3 that Venus is rotating in a retrograde direc-
tion, i.e, opposite to that of other planets: there is no
infermation at all from optical obssrvations which bears on
the rotation periecd of Venus, but receat radar cbservations
{seve Chaptor } suppeort the retregrade rotatien. Cbserva-
tions ¢f temperature variaticns at paximus are more oifficult
to raks! because of weabsy signals frem Vepus, and proximity
to the Sun,

~ Mars, the rec¢ planet, has always been cf popular in-
terest becsuse of recurrent speculation that it may be in-
habited, This possibility arose froﬁ the reputed sppearance
by keen visusl cbzervers, particularly the #fmericam Peorcival
Lowell, of a network of intersecting lines on the surface of
the planct at vimes wiich corresponded to thse melting of polar
ice caps. They were istorpreted as c¢anals, the inference being
that they had beem dug by istelligent beings tc make the most
of the limlited amount of water on Mars., CLDespite further such
reports by visual ehservers from tize to time the " canals
consistontly falled to aprear ir photographs taken with larg

telescopes, and the legend of intelligent beings has gradually
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died, nlthough the possibility eof lower forms of life has not
been Tuled out. Mars is alse of particular intersst becauss
it 13 the only cne of the rlanets - apart frem Mercury, which,
hewever, is toe cleose Zo the Sun - whose atmosphere is trans-
parent encugh to s=llow us to datect surface markings. There
is no doubt about the reality of the polar ice caps, which
consist rpredeminantly of dry ice (f£rozsn carbon dioxide)
rather thap watey ice. Our meost detailed information sbout
its atposvhere and surface characteristics have cﬁma from the
U.S. series of instrumentad spacecraft, particularly Mariner S
and 6, which rassed within 2000 xim} miles of the plsanet in
July-August, 1969 and relayed television pictures and instru-

mental readings, These have kinaiix firally

Thersal radio emission from Mars at a wavelength of 3 cm was
first detected at a close approach in 1958 by Mayer, McCullough
and Slcapaker. More accurate measurements at 3 c¢m by Glordmaine,
Alsop, Townes and Mayer im 1258 gave = black body temperature of
about 210°k. The value derived from infra-red measurements is
about 250°K for the sunlit side, so the radio emission origi-
nates below the surface, as for the Moon, This is in line with
rhotozraphs of the Martian surface obtained during the Mariner
sories of flights, which Zmidzx indicate a landscape closely re-
sembling that of the MNoon.
Jupliter

Juniter is by far the mest massive of ths planets, and
accounts for over 70% of the total mass of the planetary system;
it is also the largest, Its mass is about 318 times and its
diameter 11 times that of the Earth, but its average density is
only about one-guarter of curs, Its compositioa, therefore, is
clearly very different: to account fer a density of 1,35 ga/cns
it pust consist predominantly of the light gases hydrogen and

helium, with perhaps a small core containing heavier elements,
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In keeping with its greater distance from the Sun it is cold:
infra-red measurements indlcate about 140°% (-133%C). 1In its
chilly atmosphere some relatively permanent markings can be
distinguished, in particular “the great red spot”, three
"white spots”, which are oval in shape, and a "south tropical
isturbance™, which was present for a number of years but dis-
appeared in 1939, These are presumably variations of the
clouds of unknown compeosition which exist in the Jovian atrmos-
phere and completely hide what lies below. Keen visual ob-
servers have walched the panorama of visual muriings for years:
they indicate that the huge planet completes itsday in less
than tea hours, but the period of rotation derived in this way
varies sligatly fros equatorizl regioms fo higher latitudes,
indicating that the markings are not these of a solid suriace
but of streaming mcotions in its atmosphere. Astronomers have
defined two rotation systers fer Jupiter: "System I apprlies

5

to squatorial regions with a3 poricd of & s0®30%, 6503, and

U3y
xhs "50%,632. Spectregraphic studles indlicate that hydrogen and

.1

heliun constitute ths buik o

¥

Jupiter's atmosphere, but that the
gases ammonla and methane are present in falrly larze quantities
above the cloud layer.
ihe story of Jupizer's radie emission cpened cramatically

in 1555 with a report froem Purke and Prunklin ef the Carnegle
Institute ¢f Wsshington thot it was exitting short bursts of
radio waves of considerable but fluctuating imtensitly. 7The

ignals sounded very much like the sharp bursts of siatic from
thunderstoyns that are sometimes heard or short-wave circults,
The discovery was, in fact, guite sccidental, Burke and
Franklin ux were trying out a now Mills Cross type of merilal

-

designed for woriking at the loag wavelongth of 15 metres

fxRxax {22.2 iz}, sad had directsd it towards declination 23y,
30 that two well kunown sources, ths Crab Nzbula and another

.

prizht asbula, IC 443, wusdiwmmoonxl would pass through the

beaw, Anmongst a2 multitude of signals reacorded over a period of se

dtem II” for the rest of the planst, with a perlod of aQngiiixi.

|
|
|
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seversl sonths were seme which hzd 211 the charscteristics of
cary iznition or similar interforerce, but arrearsd enly for =
few mirutes sach doy, when ro knowo source of interfering sig-
nals was rresent., Burke end Pranklin checked the epparant
rnoverent of the source 1In the sky ard, to their sreat astonrish-
rent, found that 1t ¢oincided exactly with that of the planet
Jupiter. The peepticism of other radio astrenomers was soon
dispelled when they turped their radio telescopes on this un-
expectad scource - provided they chose an aprropriate wave-
langth, because another surrrising fact exsrged in that the
burats of emission ware confined %o a relatively narrow range
of wavalaﬁéthﬁ, from about 10 to I2 motres (15-30 Miz).

Tha flrat to confirm the nevs of Jupiter's siruge emission
was C,A, Shain of the Radiophysics Laboratory in Sydney. Some
five years earlier Shain had gonstructed a lonp-wave version
cf the Mills Crez2s on the outskirts of Sydney and carried out
8 sky survey at @2 wavelength of 16.4 wetres (18.3 Miz). Check~
ing through records ghtained in 1850 and 1951 he found mRany
2sries of bursts which, 2t the tire, had been - attributed
to terrestrial interference but which had Qndaubtedly cone from
Jupiter. Their duration wes of the order of two hours, and from
his recerdings of them ever a period of nsarly two years Ehain
wes able to show that they origicated in ono or more localized
areas on Juriter, rather than from the plavet a5 3 whele, and
that they had a rotation period which differed from sany that
had been observed. Some examples of Juniter's bursts on
Shain's records are shown im Figure 2. At first it was thought
that they might ceincide with some of the visible markings, e.g.
the great red spot, but the period differs sligatly from those
of all the visible features and is apparently associated with
that of the so0lid body or, as we shall se6 below, of 1ts mag-
netic field.

Therrpal exission from Juniter was first detscted in 1556
by Mayer, McCulleugh and Slcanaker on a wavolength of 3 cm.

Its black-body tempsrature is about 145°KX, - ° which agrees
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well with the infra-red value and probably refers to that of
the cloud with which the planset is covered.

Chservations at longer centimetre wavelengths, howaver,
disclosed further anomalous behaviour on the part of Jupiter:
the intensity was very much greater than would be expected
from a black body at 145°K (for example, about 2000°K at 21 em
and 5000°K at 3 cm) and the radiation was partly linearly
polarized. Both observations suggested origin in a non-thermal
process, Measurements made with an interforouete* by
Radhakrishnan and Roberts at the California Institute of
Technology showed that at a wavelength of 31 cm the radio
emission comes from an area which is some three times that of
the visible disk of Jupiter, X Roberts and Xomesaroff ob-
tained sirilar results when they observed an occultation of the
planet by the Moon using the 218 ft radio telescope at Parkes:
the radiation began to decrease before the Moon's edge reached

continued
the visible planet and gmmbiamid zmxidm to decrease for some
time after the disk was fully obscured, indicating origin in
an invisible halo. They also noticed that the radio waves are
linearly polarized and that the plane of pélarization "rocks"
through an angle of about 210° as the planet xmxxmx rotates
(Fig. 3).

Studies of the metre wave bursts, in particular by
Douglas and Spith, show that the probability of occurrence is
high for three longitude regions on Jupiter, Slee and Higgins
in Australia used an interferometer with a baseline first 60
and later 120 =iles long and showed that the bursts canme
from an area about one-tenth the size of the planet. Detailed
studies of burst structure by Kraus at the Chio State University
and by Werwick and Dulk at Boulder revealed that the individual
pulses within bursts are generally of duration asbout one second,
but mxx occasionally contain components of milliseconds duration,
The average amplitude shows a small variation throughout the
sunspot ¢ycle but with an inverse correlation with sunspots,

Several observers have reported what appears to be a triggering
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action by'very largze flarss: increasasd activity was notsd
some 3-5 days after thess events, the delay being attributed
to the time taken for the solsr plasma to reach Jupiter,
The radio emission spectrum of Jupiter thus consists
of three distince components: -
(1) Thermal emission from the visible disk: this
is observed alone at wavelengths of 3 cm and
below,
(i1) Kon-thermal radiation with synchrotron
characteristics at decimetre wavelengths
(10-100 cm),
(1i1) Iﬁtuns- bursts of shore duration at metre
wavelengths,
The non-thermail emission receives s ready explanation
if the planet is surrounded by a "Van Alpn® belt similar to
that which Sateliite observations show surrounds the Earth,
¥ithin this belt electrons moving at relativistic speeds are
confined by Jupiter's magnetie field snd radiate strongly by
the synchrotron PTocess. The arrangement of this belt in
relation to Jupiter's axis is shown in Figure 4: the electrons
in this belt Eust be more numerons and more energetic than
those in the Earth's Van Allen belt. The magnetic axis of
Jupiter (ahd hence the radiation belt) is apparently inclined
2t an angle of 10° to the Totatioral axis, and this produces
the obsarved“rocking of the plane of polarization as the
Planet rotates, The intense burse activity is probably caused
by a discharge of electrons from the belt o the surface of
the planet, set off by some particular feature of the magnetic
field, and channelled in a narrow beam towards a particular
Spot or spots on Jupiter, These discharges ars rrobably of
shore duration, and sirmultaneous recordings taken up to 10s or
Rore wavelengths apart show good correlation for time scales
of much less than a second. The typical longer duration
foatures of bursts, however, show no such correlation at spaced

sites and 1ndicate_that their origin is in the scintillations
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produced by solar plasma: similar patterns are sometimes
recognizable buz spaced in time, and the velocity of the
plasma dadueced in this way { 500 km/sec) is reasonadble,

An imxzamxizx interesting discovery in relation to the
periodicity of the metre-wave bursts was made in 19264 by
E.K, Bigg of the Radiophysics Laboratory in Sydney. Bigg
plotted burst activity in relation to orbital position of Io;
Jupiter's innermost satellits,and found that tha occurrance
of bursts was intinmately related to Io's position. Burst acti-
vity is very high for only two positions of 1o in its orbit,
as fllustrated in Pigure 5. It thus seems that Io, a body the
size of tho-Moon, produces a disg;ﬁbancc in Jupiter's
magnetosphere which in some way we do not understand at present,
facilitates a discharge from the charged belt to the planet
iese1f,

Bigg has rtecently discovered other periodicities in the
intensity of kux burst emission from Ix Jupiter, one of which
coincides within five seconds of txax the period of 2 yet un-
discovered satellite whose existencs iz pestulated by 3Bowell

and Wilson, It thus provides some confirmation of the latter's

predictions, but it 4s difficult to see how this (hypothstically)

puch smaller body at a greater distance from the planet could
exert any such zfz effecct,
Saturn

Saturn, in spite of its unique system of rings, is
probably rather similar to Jupiter, but its average density is
lower- in fact less than thst of water - so that, theoretically
in a2 suitable environment it would float! Its surface, like
that of Jupiter, is hidden by permanent cloud layers which are
also drawn out into belts as g result of the rapld rotation of
the planet, but distinctive spots or other markings appear only
raraly. '

The famous syster of rings that make Saturn such a fine
sight in a swall telescope censists of a very large number of

szall particles rotating in orbits which are confined to a
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very thin region on the orbital plane of the planet - estimated
to be of the order of only 1 km thick compared with thelr dia-
neter of nearly 300,000 km, Saturn possesses nine moons and

it seems probuble that the ring system represents the material
for a tonth moon which somehow did not condense.

Rzdio emission at 3.75 ¢m was first detected by Drake

end Ewen in 1957, DMeasurements nade or 3.4 cm at the University
of Michigan in 1960 gave a brightness temperature of 166°K:

this was bascd on the assumptiom that no contribufion cams from
the rings, and the temperature would be lower If these were also
cemitting, Pettlit and others using infra red methods found a
tomperature of about 123°%, but the difference between this and
the radio method 1s less than the possible mxxmx errors in the
neasurements. Thers have been several reports of what may
possibly be bursts from Saturn, similar to but nuch weaker than
those from Jupiter, but this has not been confirmed.

The Qthor Planets

The remailning two of the giant planets, Uranus and
Neptune, are so much further away that the intensity of their
thernal enission is down by a factor of more tham 10 on that
from the lastlplanst to be detected, Mercury., They are poor
optical targets too and telescopes provide little detail about
them « they were Doth rescorded many times as stars before lerschel
in 1781 discovered that Urzanus was 2 pianet! Infra-red measure-
rpents indicate a temperature of about 90%°K for Uranus and
Nzptunes is probably below 30°%. Detsction of thermal emission
from bodies as cold and 23 distant will require the use of a
large radilo telescope capable of ecffective use at short centi-
metre wavelengths, -

Plutc was discovered from the slight perturbation it
causes to the orbit of Neptune, It is indistinguishable from a
star-1like image in all but a few of the world’s gisnt optical
telescopes and little is known about it, The next 30-49 years
will provide better conditions for studying Plutc than at any

tire since its discovery because its closest approach to Earth
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cccurs in 1989, Evsn then, however, it will be almost as
far away as Neptune,

There ;s 1ittleo information about the radio emission
of those transitory mambars of the solar system, the comets,
which spend so much of thelr time at enormous distances from
the Sun, szince there have been nc outstanding appearances
since the birth of radio astronomy. Some excitement was
occasioned in 1957, however, when M Kraus ot Chio State
University and Contrez and his sssociates in Belgium reported
radio emission from the bright comet rend-Roland: other
radio astronomers, howaver, failed to detect any signals from

itl
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