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SOLAR SYSTEM RADIO ASTRONOMX

Dave Buhl

MOON (Diameter = 30')

The radio emission from the Moon has.a meau temperature of w 200° K
plus a 29.5 day sinusoidal variation whose amblitude decreases with greater'
depth into the luuar Surface The depth of penetratlon is proportlonal to
the radlo wavelength and therefore by comparlng the phase and amplltude
of the diurnal varlatlon at dlllerent,wavelengths some information about '
the bulk properties of the lunar surface layer can be obtained.
| l Infra red observatlons of a Lunar Ecllpse have revealed a rapld temper—
ature decrease for most regions (400° K =~ 200° K) This indicates a very

porous 1nsulat1ng surface, Numerous bright rayed craters have enhanced

- thermal emission during“%he eclipse being as much'as 50° K warmer than

their surroundings Several of the Tunar Marla also eXhlblt an elevated
temperature of ar 5 K:,

Radio observatlons of the Moon at A =2 cm (depth A'l/? m) have

' revealed departures from the dlurnal temperature varlatlon of A'5 K for
‘several of the Marla However no 81gnfloant departures were observed for

 the bright rayed crauers These results suggest that the orlgln of the

thermal anomalles in the craters is the large boulders and surface roughneos

of these relatlvely youug craters. The Mare anomalies are the resulu of a

'lrelatively dense surface material.probably due to lava flows, Presumably

this Mare filling followed the gigantic impact which left behind the Mascons

:burled in the Mare basins.

Radar observatlons ( X = 3, 8 cm and 68 em) show strong refLeetlons from

- the very young crater Tycho and smaller returns from' the other eraters and
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and Maria. This fits into the general_pioture of a rough rocky surface for
vthe bright rayed cratersvandvlarée areas of~dense material filling the Mare

basins,

,VENUS‘(MaXimum Diameter l')i

Because of the cloud layers on. the planet Venus, the-lower atmosphere
and surface are only accessable to radlo and radar observatlons.or satellite
probes'" Radio Observations at A =6 cm glve a max1mum temperature of 650 K
w1th a decrease at longer and shorter Wavelengths Thls value of, 650° Kis
assumed to be the surface temperature. The deorease.at shorter wavelengths
is due to the increasing optical thickness‘of the atmosphere. At the water

vapor'line wavelength o%'1.35f0m the main emission is coming from an alti-

' tude of 50 km, still well below the cloud layer. Accurate measurements of

radio temperature'of Venus around this wavelength'would Settle the question
of how much Water vapor there is in the Venus atmosphere

Interferometer observatlons of Venus at k = 11 cem have been used to

determlne the dlurna] temperature varlatlon of the surface of the planet,

ThlS variation is only 18° K between the day and night s1des Since the day :

‘on Venus is 243 Earth days the e must be cons1derable heat tranSport in the‘

lower atmosphere of Venus to ellow this small a temperature differenoe. ‘Inu
adaition; uery little cooiing‘of'the poles is observedr Since the surfaoe '
pressure is 100 atmospheres, these conditions are quite_reasonable, |
Radarbobsernations of ‘Venus have.determined that the rOtation.of the
planet Venus is retrograde with a possible lock to the Earth's orbit. A
number of features have been Jdentlfled on the surface, but ‘a map of the

surface W111 probably requlre a blstatlc radar experlment u31ng a satelllte

_orblthg about the planet A,comblned radar satellite experlment has already

‘ ylelded a very aoourate radlus for Venus of 6093 km



I1I. MERCURY (Maximum Diameter 12")
| A very‘hot.Mbon-like'planet;,MercuryAhas been sﬁo&ﬁbby radar measurements
fo have a synchronous rotation period eqﬁal‘to 2/3Aits orbital_périod; Radio
: measﬁrements at various wavelengths and infra;red obserﬁations indicate a

very porous surface with some radiation conductivity in the upper layers.

IV. M%(mﬁmﬁMmﬁﬁéﬂ
.’Mérs appears to héve seasons like the Earth with develéping énd_receding'b
polar‘caps of CO2 frostf Surface temperature ié between. 200° K‘and 300° K |
With‘a rotation period about the same'as the'Earthfs. .
| Surface pressure -is-1/100 atmqsphefe ?rovidingvlittle heat transport
or protection. from sola} UV. As a result it is unlikeiy that fhé'éeasonél
variation in the color’of.the’lighf‘and dark areas. is due to sOme'formiof.
'plant'life. Altitude»Véfiations‘as deter@ined from o, densitites are rathef
large (~ 10 km.). Thefe appears to be no voleanic activity at ?resent and

a large number of crater basins'canlbe seen in the Mariner photographs.

'V;~~JUPITERf{Maximum Diameter'40")
| ) Low ffeéueﬁcy radio emission from Jupiter (10 - lOO'MHZ) contains very
large bursts apparently associated with the satellite To. Wheﬁ thé satellite
is 90° to the Farth-Jupiter line the maximum number of bursts occursc‘ This
is thought.to be tﬁe result of Io pulling a section of the magnetic.fiéld éf‘»
vJupiter through the plasma iﬁ the Van Allen belts; and Creating a dynamo
 which dumps large currents at the planets surface near the poles. |
Radio emission at & = 11 cm is primarily:synchrotron from the‘high
‘énergy particles in the‘Vaﬁ Allen belts. This appearé as a dumbell centered
on the planet_aﬁd extending ~ 2' on either side perpendicular to the magnetic
axis.  The belts rock back‘andvforth in the 10 hour rotation period indigating ‘

a tilt of 10% between the magnetic axis and the rotafion axis. There is also
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appa?éntiy an éssymetry in the belts which rctaﬁcs with the planet. vFurther .
interferometer and polarization meaéurements of Jupiter will‘help clarify
thc geometry of,the maghetic field and higﬁ encrgy particles.

vShort wavelength radiation from Jﬁpitef is primarily»thcrmal emission
from the 150° K planet. Emissicn'in the range 20 - 30 GHZ\eXhibifS the |

shape of the ammonié bands, which is a major constituent of the.atmcspheré.

| SATURN AND THE OUTER PLANETS (Diameter less than 20)

~No radiation belts have been detected for Saturn. Reccnﬁ‘iﬁfra~red'
measﬁrements of Saturn's rings have shown‘aAsﬁeCtral'band Which‘could Ee
ammonia or water frost. |

~ Uranus aﬁd Neptﬁne have'beén,detected iﬁ the j mm to 10 cﬁ range but

very little is known_aboui these plémets°
SUN (Diameter = 30)
Solar burst emission at long Wavelehgths can be classified into various

types depending on the duratiOn, direction of freqdency drift, polarization‘

and intensity. - Bursts are apparently related to flares-in active regions, -

It is thought that shock waves in the‘lower solar atmosphere propagate

-upWard and cause plasma bursts in the upper atmosphere. Lafge bursts are

usually accompanied by particle emission in the solar wind along the'magnetic.

field lines which probably extend at least as far as Jupiter, 5 AU from the

Sunf
_" Shof£ wavelength emissioc is slowly varying énd associated with bright

plcge regions seen incHi4>. Occassional flaring can be éeen’over a period of

several minutes to houfs, AL A = B'mﬁ the emission originates from~ 5,000 km

above the photosphere and in active regions is 100° K 'to 700° K hotter thanv

the quiet Sun. Cool regions are observed which appear to be coincident with



4 filameﬁts in Hﬁ% . ‘They are sometimes observed several days before the
appearance of a filament because the. optical depth is greater at 3 mm
thah in HY . The general structure is stable over: several days and
probably over several 27 day rotatlon perzods of the Sun.

The radio spectrum of the quiet Sun has a constant temperature of
6000° k up to a wavelength of 3 mm and then 1ncreases slowly to 9000° k
at ﬁ 2vcm.and then sharply upward to 107° % at 30 cm, Since the

_altltudev‘of emiesion,from the atmosphere increases with increasing wave-
length, these radio wavelength measurements help to define the models of"

the’solar chromosphere;
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