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The history of our knowledge of the microwave emission from Jupiter is reviewed brie fly , high· 
lighting only what appear to the reviewer to be the significant advances. The Van Allen belt emisSion 
has a constant flux density, and polarization from 200 Mc/s to 3000 Mc/s, but probably decrea ses at 
frequencies above 3000 Mc/s. The radiation from the di sk corresponds to near inf~ared temperatures 
at wavelengths of a few centimeters, but may increase at longer wavelengths, reachll1g tWice this value 
at 10 cm. The rocking of the plane of polarization and the beaming of the radiation are di sc ussed. 
The present sta te of knowledge is reached with the presentation of a prelimina~y map by Berge showlI1g 
the distribution of brightness over th e radio source, and a co mparI son of thi s map With preliminary 
model calc ulations by Ortwein, Chang, a nd Davis. This comparison shows that there are two Van 
Allen belts having very different e lec tron pitch angle distributions. 

1. Discovery 

The long-wavelength burs t radiation from Jupiter, 
was, as Douglas [1964] has taught us, di scovered ser· 
endipitously. By contrast our knowledge of the micro­
wave radiation is mainly the result of sys te matic 
studies, although thi s is not to say that there have not 
been plenty of surpri ses. 

In the firs t series of observations of microwave 
emission from the planets, which were made by Mayer, 
McCullough, and Sloanaker [1958a, b] at the Naval 
Research Laboratory in 1956, radio e mission from 
Jupiter was measured at a wavelength of 3.15 cm. 
The equivalent disk temperature of 145 ± 26 oK was 
in reasonable agreement with the infrared temperature 
of 130 OK [Menzel, Coblentz, and Lampland, 1926] 
and so excited no comment. However, when 2 years 
later Sloanaker [1959] extended observations of the 
emission to a wavelength of 10 em, he detected Jupiter 
much more easily than he expected. The measured 
flux density corresponded to a disk temperature of 
600 oK. This result was reported at the 1958 Paris 
Symposium on Radio Astronomy, and when the signifi­
cance of the result had been appreciated many radio 
observatories began searching for emission at longer 
wavelengths, so that a year later detection of Jupiter 
emission out to a wavelength of 68 cm had been reo 
ported [Drake and Hvatum, 1959; Epstein, 1959; 
McClain, 1959; Roberts and Stanley, 1959]. The 
longest wavelength reported to date is 169 cm, where 
Gower [1963] has successfully measured the emission. 

2. The Spectrum of the MicrowQ ve Emission 
Figure 1 shows the spectrum of the emission. 

Over the decimetric range the flux density is, within the 
errors, constant, the total emission (the sum of two 
orthogonal polarizations) being 6.7 ± 1.0 X 10-26 

W m- 2(c/s)- 1 at the s tandard di stance of 4.04 A.U. 
In the ce ntime tri c range the thermal emission from 
the disk beco mes appreciable. It is equal to the non· 
thermal co mpone nt at a freq uency ~ 5000 Mc/s 
(6 cm) and becomes increasingly dominant at higher 
frequ encies . It is difficult to de te rmine the non· 
thermal contribution in this range, both because it 
is a s mall part of the total e mission, and because the 
intensity of the thermal co mpone nt cannot be predicted 
with sufficient accuracy. In figure 1 the contribution 
expected from a uniformly bright disk at a te mperature 
of 130 OK - the infrared te mperature - is indicated by 
the length of the arrows. However more detailed 
theories of atmospheric absorption predict slightly 
different effective temperatures [Field, 1959; Giord· 
maine, 1960; Thornton and Welch, 1963]. At the 
highest frequencies it would certainly be possible to 
attribute all the radiation to thermal emission. 

Observationally the thermal and non thermal co m· 
ponents could be separated by studying the angular 
distribution. At a wavelength of 10.4 em, Berge 
[1964, 1965] has evidence that the disk component is 
about twice that expected on the basis of the infrared 
temperature. 

It should be mentioned that the apparent flux density 
at the longer decimetric wavelengths underwent some 
rather violent excursions. At a wavelength of 68 em 
Drake and Hvatum [1960] initially measured a flux 
density of 9 X 10-26 Wm - 2(c/s) - 1 in May 1959, but a 
few months later found a figure of only 2 ± 2 X 10-26 

Wm - 2(c/s)- I. Similarly in March 1960 at a wave· 
length of 74 cm, Long and Elsmore [1960] reported the 
flux density was less than 2 X 10- 26 Wm - 2(c/s)-I. 
It now seems likely that these apparent variations were 
due to confusion problems. Figure 2 illustrates how 
serious these problems are at the longer wavele ngths. 
This figure shows a series of six scans made at a wave­
length of 1 m. Each of the scans was made with a 
different polarization, and alternate scans are in the 
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FIGURE 1. The spectrum o/the microwave emissionji-om j upiter at a distance 0/4.04 A.U. 
The 10lal flux density is show n by squares . the unpularized flu x dens it y by c ircles . and the polarized flux dens ity by triangles. The 

length of the arrows indicates the contri bution which would be made by the thermal emission from the disk if it were uniformly bright at 
a te mpe railln; of 130 oK. 

The points at 408 Mels, 960 Mels, 1410 Me/s . 26S0 Mc/s. and 5000 Mels [Robert s and Komesaro/I. 1965] and at 620 Mels [Roberts 
and Ekers , 19651 are on a uniform flux density scale and reler to the intensity in the Jovornagnetic ('qualor. Other points are from Thronton 
a nd Welch [1963] (37.000 Me /s) , Co['nev. Lipovka. and Pariiskii [1964J (10.000 Me/s), Mayer [1961] (mean ofNRL values al wavelengths 
near 3 .1 em), Haddock and Dickel [1963] (8000 Me/s). Kazes [1964], and Tiberi [1965] (430 ~Ic/s) . Kazes [19641 (195 Me/s). and Gower 
[19631 (178 Me/s). 

FIGURE 2. Scans across jupiter at a wavelength 0/1 Ill. 

The polarization of successive scans differs by + 3000f position angle: alternate scans are in the opposite sense. A noise lamp calibration appears at the s lart of the fourth scan. Not ice 
how the confu s ion probl e m is made worse by the polarization of the background; e.g., compare sca ns I and 5 [Roberts and Komesaroff. 1965]. 
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opposite sense. The largest peak on each scan is in 
fact duc to Jupiter, but clearly the irregularities in 
the back around can cause serious errors in estimates 
of the fI~x density. The situation is further compli· 
cated by the polarization of the background; e.g., 
compare scans 1 and 5. 

In principle thi s difficulty can be overcome by 
measu rino- the same part of the sky with the same 
instrume;t after Jupiter has moved away. This has 
been done in only about half the observations reported 
to date, and even when this is done the subtraction 
process tends to increase the errors considerably. 

3. Polarization 

The discovery of the excess decimetric emission 
from Jupiter came in the same year as the di scovery 
of the Van Allen belt surrounding the Earth . It was 
natural, therefore , for Drake and Hvatum [1959] 
to suggest that the Jupiter radiation might be e mi ss ion 
from electrons spiraling in a radiation belt s urrounding 
that planet. Thi s idea was developed by several 
authors [Robert s and Stanley, 1959; Field, 1959, 
1960, 1961 ; Chang and Davi s, 1962] and Field's 
prediction of the polarization properties of the e mission 
spurred Radhakri s hnan and Roberts [19601 to search 
for linear polarization. At a wavele ngth of 31 cm 
these authors found that the radiation was 20 to 30 
percent linearly polarized with the E-vector approxi· 
mately in the equatorial plane of the planet. 

Later observations have shown that the polarization 
of the extrathermal component is esse ntially cons tant 
over the range from 300 Mc/s (1 m) to 2650 Mc/s 
(11.3 em) (fig. 1). Over this range the polarized co m­
ponent is = 1.5 X 10- 26 Wm - 2 (C/S)- I and the degree of 
polarization of the extrathermal e mission , 0.22. At 
higher frequencies there is e vide nce that the polarized 
component decreases (fig . 1) and by 8000 Mc/s (3 .75 
cm) amounts to only 0.8 X 10- 26 W m- 2 (C/S)- I. As 
indicated earlier it is not clear whether the total 
extrathel"mal e mi ssion falls off in thi s way, or whether 
the degree of polarization is decreasing. 1 

The di scovery of substantial linear polarization 
certainly supported the theory that magnetic brems­
strahlung was the source of the radiation. The con­
stancy of the polarization over a wide range of 
frequencies is consisten t with synchrotron, but not 
cyclotron, emission [Field , 1961 ; Roberts, 1963]. 
Chang and Davis [1962] have shown that mirroring 
electrons trapped in a dipole field will emit synchro­
tron radiation with 22 percent linear polarization pro­
vided the electrons mirror at suitable distances from 
the magnetic equator, i. e ., provided the electrons at 
the equator are in suitable , relatively flat , helices . 

The constancy of the intensity across the frequency 
spectrum would be explained if the electrons had a 
differential el1ergy spectrum ex: E- '. This is very much 
flatter than the E- 5 observed in the Earth 's Van Allen 
belt. The spectrum could also arise with a steeper 
energy distribution if the higher e nergy electrons were 

I Note that ill figure 7 of Robe rt s and Ko mesarolT ll965J the polarized int ens it y at 5000 
,\'le /s is incorrec tly plotted at twice the value sta ted in the tex t. 

preferentially trapped in shells closer to the planet , 
where the magnetic field is greater. In fact , the 
known de tails of the spectrum are consistent with the 
radiation being that of monoenergetic elec trons with 
a critical frequency - 3 X 103 Mc/s. 

3.1. Rocking of the Plane of Polarization 

In 1961 Morris and Berge [1962] discovered that the 
direction of polarization was not constant , but that 
as the planet revolved the direc tion rocked through 
nearly ± 10° from a mean value almost perpendicular 
to the axis of rotation. The direc tion of polarization 
of synchrotron e mi ssion is determined by the direc tion 
of the magnetic field . Hence Morris and Berge sug· 
gested that the magnetic poles on Jupiter did not 
coincide with the poles of the rotational axis, but, as on 
the Earth, were displaced so me 10° from the rotational 
axis. As the planet rotates, the mean direc tion of the 
magneti c fi eld as seen from the Earth rocks first to one 
side and the n to the other of the rotational axis. With 
thi s simple observation Morris alld Berge were able to 
locate the magne ti c poles on Jupiter. The most recent 
measure ments put the pole in the northern he misphere 
at a System III longitude of 193° ± 8°, and displaced 
10.00±0.5° from the axis of rotation [Roberts and 
Komesaroff, 1965]. The quoted errors on the longi ­
tude of the pole arise from uncertainties of inte rpre­
tation, as will be made clear below. 

Figure 3 shows the roc king of the plane of polar­
ization as recorded with the Australian CSIRO 210-ft 
telescope at wavelengths of 11.3 cm and 21 e m [Roberts 
and Komesaroff, 1964]. Notice that the c urve is not 
sinusoidal. There is an asymmetry which is due 
mainly to a second harmonic term , amounting to 7 
percent in the 11.3-cm data and 15 percent in the 21·cm 
data . At longer wavelengths variable Faraday rotation 
in the Earth's ionosphere makes it difficult to define 
this curve precisely. 

It seems most likely that this departure from a 
sinusoidal form indicates some departure from sym· 
metry in the magnetic field. In other words, the varia· 
tions from a centered dipole field which were discussed 
earlier in this conference in connec tion with the 
decametric burs ts, are s till producing detectable 
effects as far out as the Van Allen belts. The alter· 
native of variable shadowing of the emitting areas by 
the planet itself [Warwick, 1964] now seems unlikely. 
For a belt three times the size of the planet theoretical 
estimates place the shadowing at only - 6 percent 
[Thorne, 1964; Ortwein, Chang, and Davis , 1964], 
and furthermore the shadowed areas are uniformly 
polarized. Of course, differential shadowing could · 
be important if there were appreciable radiation from 
an asymmetrically placed belt closer to the planet. 

By observing the rocking of the plane of polariza· 
tion the rotation period of the magnetic field of Jupiter 
can be determined. Plots such as those of figure 
3, in which data taken over a period - 1 wee k are 
plotted against System III longitude , form such clearly 
defined curves that it seems that the rotation period 
must be close to System III. More accuracy is ob· 
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FIGURE 3, Position angle of the max imum electric vector of the received Jovian radiation as a function of IA U System 
III longitude. 

(a) 21 em. 1963 August: (b) 21 em, 1962 August.September: (c) 11.3 cm, 1963 November. To assist in the comparison of the shapes and symme tries of these 
curves and those in figure 4, dashed li nes are shown (i) at the position angle midway be tween the maxima and minima of the curves, and (ii) at longitudes 18° 
and 198°, the longitudes of approximate symmet ry of the tota l intensit y curves (fig. 4). The different observing days are di stingu ished by diffe rent symbols 
[Roberts and Komesaroff, 1964]. 
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tained by comparing the two sets of 21-cm observations 
shown in figure 3 which were taken a year apart 
(1962 August-September and 1963 August). This 
comparison suggests that the mean rotation period 
between 1962 August and 1963 August coincided with 
the IAU System III (1957.0) within ± 0.5 sec [Roberts 
and Komesaroff, 1964]. 

4. Variation of Intensity 

A variation of the total intensity as the planet 
rotates has been reported by several authors [McClain, 
1959; Morris and Berge, 1962; Gary, 1963; Rose, 
Bologna, and Sloanaker , 1963; Bash et al., 1964; 
Roberts and Komesaroff, 1964, 1965; Tiberi, 1965; 
Roberts and Ekers, 1965]. In some of these observa­
tions only one plane of polarization was recorded 
so that the effects of the rocking of the plane of polar­
ization and the variations of the total intensity cannot 
be uniquely separated. Figure 4 shows observations 
made at Parkes in which at least two orthogonal 
polarizations were recorded [Roberts and Komesaroff, 
1965; Roberts and Ekers, 1965]. The results at 
wavelengths of 11.3 cm, 21 cm, and 48 cm are all very 
similar. The total intensity has two approximately 
equal maxima per revolution, while the mInImUm 
near lIII = 198° is somewhat lower than the minimum 
near lIII = 18°. 

At 74 cm much less variation was recorded. Such 
a change over a wavelength range of 3/2 is inherently 
unlikely. Furthermore, at the nearby wavelength of 
70 cm Tiberi [1965], working at Arecibo, has found a 
variation with rotation. The present discussion will 
therefore be confined to the l1.3-cm, 21 -cm, and 48-cm 
results. 

There is also evidence for a small variation of the 
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degree of polarization with rotation. The maximum 
degree of polarization of the Van Allen belt radiation 
is approximately 0.22 and it drops to approximately 
0.19 near longitude 170° [Roberts and Komesaroff, 
1965]. 

There were persistent reports in the literature of 
variations in the intensity of Jovian decimetric emission 
over longer periods of time, and indeed of a correla­
tion of these variations with solar activity [Drake and 
Hvatum, 1960; Sloanaker and Boland, 1961; McClain, 
Nichols, and Waak, 1962; Roberts, 1962a, b; Roberts 
and Huguenin, 1963]. In the experience of the present 
author the variations found for Jupiter have never 
been greater than those found for other radio sources 
observed with the same signal/noise or signal/confusion 
ratio. The constancy of the radiation is illustrated 
by the two sets of 11 .3-cm data and the two sets of 
21-cm data in fi gure 4. The differences of up to 4 
percent between these data appear to be within the 
errors. This agreement between data recorded at 
times separated by a year, and also the small scatter 
of the points about a mean curve in the data with the 
best signal/noise (11.3 cm, 1964 November, and 21 
cm, 1963 August) show that the effect on the total 
intensity of anything other than the rotation of the 
planet (e.g., the position of 10) must be very small 
indeed. Bash et al. , [1964] also set a very low limit 
to long-term changes in intensity, and Dickel [1965] 
has similarly failed to find any effect of 10. 

In fact, the variation of the total intensity with rota­
tion is sufficiently cons tant so that it provides an ac ­
curate method of determining the rate of rotation of 
the Jovian magnetic fi eld. The System III longitudes 
of the minima in the two sets of l1.3-cm data in figure 
4 agree to within ± 7° and fix the mean rotation period 
over the year 1963 November to 1964 November as 
coincident with the IAU System III within ± 0.8 sec. 
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and Ekers [l965J. 
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4.1. Interpretation as Beaming 

To explain the variation of the total intensity (and 
the degree of polarization) as the planet rotates, it 
has been supposed that the radiation is beamed 
towards the magnetic equator [Gary, 1963; Bash et a!., 
1964; Roberts and Komesaroff, 1964]. When such 
beaming is combined with the tilt of the magnetic 
axis to the rotational axis, and the present tilt of the 
north rotational pole towards the Earth, the qualitative 
features of the observations are reproduced. 

If the emission were symmetric about the magnetic 
axis and the magnetic equator, the total intensity at the 
Earth would depend only on the Jovomagnetic latitude 
of the Earth, cpo However if the data of figure 4 are 
replotted as a function of magnetic latitude as in figure 
5, it is seen that this is not true. When the Earth is at 
northern magnetic latitudes (circles in fig. 5) the inten­
sity decreases approximately as COS4.5 cp , but at south­
ern magnetic latitudes (squares) it decreases more 

11 ·3 em 1964 N~vember I 
21 em 1963 August 

75 

I 

rapidly, approximately as COS iO cpo In other words the 
minimum near l111 = 180 is relatively deeper than w~uld 
be expected. Furthermore, the 1964 l1.3-cm data 
(which has the bes t signal/noise) suggests an even more 
complex variation. 

This qualitative disagreement with the symmetric 
model is not altered by small changes in the param­
eters adopted - unless one is prepared to change 
the tilt of the axis of rotation! Roberts and Kome­
saroff [1964, 1965] therefore conclude that this is 
~dditional evidence for departures from a dipole field 
III the Van Allen belt. As in the case of the asym­
me tries in the direction of polarization curve, the effect 
seems to be less at 11.3 cm than at longer wavelengths. 

From data such as those in figure 5, Roberts and 
Komesaroff have sought to determine the distribution 
of pitch angles of the electrons in the Van Allen belt , 
using the theory given by Thorne [1963] for the dipole 
case. It is obviously unsati sfactory to use a theory for 
a dipole fi eld when there are such obvious departures 
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F,GURE 5. The data of figure 4 replotted as a function oj the l ovomagnetic latitude of the Earth, assuming the lovian magnetic axis is 
inclined 10.0° to the axis oj rotation with the pole in the northern hemisphere at a System III longitude of 198°. 

Point s fO,1" IWrlhcrn magnetic latitudes are shown by circ les. l.llOse for southe rn latitudes by squ ares: for longitudes 18° --+ 198 0 the symbols are open. and for 198 ° ---;. :360°--+ 18° the 
symbols are fill ed . 

The quadrati c curves shown. when interpreted as parts of c urves of the form cos" cPo have the following equations: 

11.3 cm 1964 November 1= 7.67 cos4 cP (Northern lat itudes) 
1= 7.67 cos 9 cP (Southern latitudes)' 

1963 November 1= 7.45 cos4 .S ¢ 
21 em 1963 Augu st I = 7. 13 cos4 .S ¢ (Northern latitudes) 

1= 7.1 3 COS iO cP (Southern latitudes) 
1962 Aug/Sept. I ~ 7.43 COS'" '" 

1~8 e m 1964 Aug/Sept. 1= 6.55 cos4 ¢ (Northern latitudes) 
1= 6.SS cos 14 ¢ (Southern latitudes) 

[Roberts and Komesaroff. 1965: Robe rt s and Ekers. 1965.1 
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from symmetry, and it is to be hoped that the theory 
for nondipolar cases will be de veloped soon. Us ing 
the s imple theory, Roberts and Komesaroff showed 
that the beaming observed a t northern magne tic lati· 
tudes for both the total inte nsity and the degree of 
polarization could be reproduced with a distribution of 
pitch angles made up of two term s, one corresponding 
to a group of elec trons having a distribution of pitc h 
angles pea ked sharply near 90° (i.e., in very flat 
helices), and the other group having a much wider dis­
tribution of pitc h angles. It will be seen later that the 
brightness di stribution measured by Berge also indi­
cates the presence of two suc h groups of elec trons , 
and shows that they are in two separate belts. 

5. Shape and Location of the Radio Source 
One obviou s me thod of tes ting the Van Allen belt 

theo ry is to measure the angular s ize of the Jov ian 
e mlttll1g area. Using th e Caltec h inte rferometer, 
Radhakrishna n a nd Roberts [1960] showed that the 
E-W angular ex te nt of the so urce at 31 cm was several 
times the diam eter of the planet. Thi s sa me instru­
ment was used la ter by Morri s a nd Berge [1962] 
to measure both the E-W a nd N-S a ngular sizes at 21 
cm and 31 cm, a nd has now bee n used by Berge [1964, 
1965] to produce a com plete map of the brightness 
and pola ri za tion over the source at wave le ngths of 
10.4 cm a nd 21.2 cm. This is an im po rta nt s tep for· 
ward , and a co mparison of these maps with theoretical 
predication s should give a great deal of inform ation 
about the Van Alle n belt. 

Berge will give details of these observa ti ons later 
in th e sess ion, but fi gure 6 s hows a preliminary map 
of the brightness di stribution at 10.4 cm, whic h illus­
trates the detail that is provided by these observations. 
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It is very interesting to compare this with a preliminary 
theoretical map of the brightness distribution for a 
thin shell of electrons trapped in a dipole fi eld (fig. 7). 
The latter map is drawn from calculation s by Ortwein, 
Chang, and Davis [1964]. Comparison of the the­
oretical map and the observed map s uggests that there 
are two belts, one with a radius of about 3112 times the 
radius of Jupiter, in whic h the electrons have pitch 
angles as steep as those in the theoretical model, and 
a second belt with a smaller radius (about twice that of 
the planet) in which the electrons are in very fl at 
helices, and hence are confined near the magnetic 
equator. The comparison of the details of the theoret­
ical and observed distributions - e.g., the polarization 
in different regions - provides a further test of the 
model, and it is to be hoped that Berge will discuss 
such matters later. One aspect that merits immediate 
comment is that the radiation from the inner belt in 
whic h the electrons are in flat helices will be highly 
beamed and could presumably account for the varia­
tion of the total inte nsity as the planet rotates . 

Two lunar occultations of the Jovian radio source 
have been recorded [Roberts and Komesaroff, 1965; 
Clarke and Roberts , 1965]. While, in principle, lunar 
occultations can provide fin e details of the di stribution 
of brightness over the source, in practice the Jovian 
so urce is so weak that thi s is not possible . The oc­
culta tion res ults confirm the broad de tails derived 
from interferometry, and suggest that the s hape of the 
source does not c hange appreci'ably over the wave­
length range from 21 cm to 74 cm. Indeed the agree­
me nt be tween the occ ulta tion curves recorded by 
Clarke and Roberts a t 21 cm and at 48 cm is quite 
remarkable . 

At centimetri c wavele ngths, howe ver, the situ ation 
is less clear. Korol'kov, Pariiskii, and Timofeeva 

FIG URE 6. A preliminary map 0/ the brightness distribution over Jupiter at a wavelength 0/ 10.4 em [Berge, 1965 ]. 
A disk com ponent of 290 OK has been subtrac ted. The contours are at intervals of 20 OK and the angu lar scale (in ' arc) refers to a distance of 4.04 A.U. 
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FIGURE 7. The distribution of brightness (total intensity) ofsynchro· 
tron emission /rom e lectrons trapped in a thin shell in a dipole 
field , viewed normally to the dipole axis. 
From preliminary calcula tions by Ortwe in e l aJ.. [1964J. The electrons have a differential 

energy distribution a: £ - 1, and the pitch angles at the magnetic equator are dis tributed 
uniformly over the range sin a ~ 0.4 

[1964] and Gol'nev, Lipovka, and Pariiskii [1964] 
have used the Pulkova fan-beam variable-profile 
antenna to measure the angular size of the source 
at wavelengths of 3.02 cm and 6.5 cm. They find 
that 95 percent of the 3.02-cm radiation comes from 
a region < L 1 times the diameter of the planet, while 
at 6.5 cm the broadening of the beam is the same as 
would be produced by a Gaussian source with sigma 
only I1f4 times the diameter of the planet. If the 
thermal contribution is that of a uniformly bright 
disk at a temperature - 130 OK, Gol'nev, Lipovka, 
and Pariiskii show that the angular extent of the Van 
Allen belt radiation must decrease rapidly a t wave­
lengths shorter than 10 cm - to L3 ± 0.2 diam at 6.5 
cm, and to practical coincidence with the disk at 3.02 
cm. 

On the other hand Korol'kov , Pariiskii , and Timo­
feeva [1964] suggest that the intensity of the Van Alle n 
belt radiation drops sharply between 10 cm and 3 cm , 
as is also suggested by the plots of the polarized inten­
sity in figure L If there is such a sharp decrease in 
the belt emission, and if the disk temperature is greater 
than 130 OK (as suggested by Berge at 10 cm and by 
Korol'kov at 3.02 cm), then the evidence for a changing 
angular size of the Van Allen belt source is much less 
compelling. In a private communication Pariiskii has 
indicated that the 6.5-cm data would be consistent 
with the belt being the same shape as observed at 10 
cm by Berge, provided the disk temperature is 295° 
± 25°. Further observations, including a study of 
the angular distribution of the polarized component 
at 6.5 cm, should clarify the situation. 

5.1. The Location of the Radio Source in Relation to 
the Planet 

In the course of the 1O.4-cm interferometry dis­
cussed above, Berge and Morris [1964] found what 
appeared to be an elegant method of locating the Van 
Allen belt relative to the planet. At an E-W baseline 
of 1860 wavelengths and with the feeds of both aerials 
linearly polarized parallel to the axis of rotation of the 
planet , the received intensity was at its first minimum. 
Berge and Morris believed this residual was entirely 

thermal radiation from the di sk. At the same base­
line, but with the feeds cross polarized at ± 45 ° to the 
axis of rotation, the accepted radiation was thought to 
be typical of the Van Allen belt radiation . By measur­
ing the relative phase of the interferometer fringes 
recorded with these two systems, they hoped to 
measure the position of the Van Allen belt source 
relative to the planetary disk_ 

As shown in figure 8a the relative phase of the 
fringes . varied systematically as the planet rotated, 
and led Berge and Morris to infer that the centroid of 
the Van Allen belt emission was eccentric to the planet. 
However, when Roberts and Ekers [1965] used a pencil­
beam instrument to make direct observations of the 
position of Jupiter relative to a nearby radio source 
they found that any movement of the Jovian radio 
centroid was much less than that inferred by Berge 
and Morris (fig. 8b). Roberts and Ekers place the 
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FIGURE 8a. The measurements by Berge and Morris [1 964) of the 
relative phase of the fringes observed with an interfe rometer with 
cross-polarized and parallel polarized feeds. 
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radio ce ntroid as within 0.15 radii of the axis of rota­
tion . Evide ntly there is some other explanation of the 
results of Berge and Morris. I understand that Berge 
will suggest that they result from the presence of a 
small compone nt of circular polarization - which may 
be an even more important discovery than an eccen­
tric location for the Van Alle n belt. 

The comparison source used by Roberts and Ekers 
in their position studies was later occulted by the 
Moon, so that its position is now known with an accu­
racy of a few seconds of arc [Clarke , 1965]. Hence 
the mean centroid of the Jupiter source can be located 
on an absolute sc ale and is found to coincide with the 
ephemeris pos ition within ± 0.1 radii in right ascension 
and ± 0.3 radii in declination. 

6. Conclusion 

Furthe r unde rs tanding of the Van Alle n belt deci­
metric radiation see ms to require theoretical computa­
tions of the synchrotron e mission from electrons 
trapped in nondipolar fi eld s. There are now three 
lines of e vidence s howing the importance of non dipolar 
terms in the Jovia n fi eld : the longitude dependence of 
the decametric burst activity , and the asymmetries 
in the longitud e dependence of both the direc tion of 
polarization and the total intensity of the decime tri c 
radiation. There have already been efforts to de ter· 
mine the nondipolar term fro m the burs t radia tion 
[Ellis and McC ulloch , 1963]. It would seem desirable 
to compute the synchrotron emission for thi s model , 
or alternatively for a dipolar fi eld perturbed by a 
second weaker dipole near the planetary surface . 
For the nondipolar models, as well as for the dipolar 
case, computations are needed of the two-dimensional 
distribu60ns of intensity and polarization for compari­
son with observed maps suc h as those of Berge [1965]. 

The strength of the dis k component of the radi­
ation is another matter requiring s tudy , particularly 
since it can influe nce conclusions about the synchro­
tron component a t wavelengths shorter than 10 cm. 
Berge sugges ts that at 10.4 cm the disk radiation is 
twice that expected on the basis of the infrared tem­
perature . S uch a result is already known in the case 
of Venus , and further study of the Jovia n case may 
possibly clarify the Ve nu sian situation. 

Finally, the great unknown is the strength of the 
magnetic fi eld. From the substantial circular po­
larization of the decametri c burs ts it seems that at 
some point the field strength mu st be :::: 10 G. On 
the other hand , since the polarization charac teristics 
indicate that the decimetric emission is synchrotron 
and not cyclotron emission, the magnetic field in the 
belt mus t be :S 50 G. Finally , the constancy of the 
decimetric radiation implies strong magnetic control 
against interplane tary di sturbances, suggesting a 
field strength in the belt that is greater than that in the 
Earth's belt. Field s trengths in the belt of - 1 G have 
been sugges ted [Chang and Davis, 1962; Warwick, 
1963]. 

If the field is as great as this, then electrons with 
energies of only a few million electron volts will 

radiate in the decimetric range . For such low-energy 
elec trons the ER approximations in synchrotron theory 
may be inadequate in some details, in particular, as 
Westfold [1964] has commented, as regards circular 
polarization. If Berge and Morris have indeed dis · 
covered circular polarization in the synchrotron emis­
sion, this may provide a means of determining the 
strength of the magne tic fi eld in the Van Allen belt. 

The author thanks all those who were good e nough to 
ma ke inform ation available in advance of publi ca ti on. 

7. References 
Bas h, F . N., F. D. Drake, E. Gundermann , and C. E. Heil es (1964), 

10 cm observations of Jupiter 1961- 1963, Astro ph ys. J. 139 
975- 985. ' 

Berge, G. L. (1964) , T he brightness dis tribution of Ju piter's 10 and 
21 cm radio emiss ion, paper prese nt ed at the AAS meeting, 
Montrea l. 

Berge, G. L. (1965), Pri vate co mmunica tion. 
Berge, G. L. , and D. Mo rri s (1964), Decimeter meas ureme nts relatin" 

to the poss ible displace me nt of Jupiter's magneti c dipole, As tro" 
phys. J. 140, 1330-1332. 

Chang, D. B. , and L. Davis, Jr. (1962), Synchrotron radia tion as the 
source of the polari zed decime ter rad ia tion from Ju pit e r, As tro. 
phys . J. 136, 567-581. 

Clarke, R. E. (1965), pri va te co mmunication . 
Cla rke, R. E., and J. A. Roberts (1965), pri vate co mmunica tion. 
Dickel, J . R. (1965), Lack of effec t oflo upon Jovian 3.75 cm emiss ion, 

re port presented at the 118th meeting of the AAS, Lexington, 
Kentucky. 

Douglas, J. N. (1964), Deca metri c radi ation from jupiter, IEEE Trans. 
Ant. Prop . AP-12, 839- 853. 

Drake, F. D., and S. I:-1v atum (1959), Non·thermal microwave rad ia· 
ti on from Ju piter, As tron. J . 64,329-330. 

Drake, F. D., and S. Hvatum (1960), Radio emiss ion from jupiter, 
paper presented at the 13th General Assembl y of URSI, London. 

Ellis, G. R. A. , and P. M. McC ulloch (1963), The decametric radio 
emissions of Jupiter, Australian J. Ph ys. 16, 380-397 . 

Epstein, E. E. (1959), Anomalous continuum radi ation from jupiter, 
Nature 184, 52. 

Field, G. B. (1959), The source of radi ation from jupiter at decimeter 
wavelengths, J. Geophys. Res. 64, 1169- 11 77. 

Field , G. B. (1960), The source of radi ation from Ju pit er at decime te r 
wavelengths, 2. Cyclotron radi ation by trapped elec trons, 
J. Geop hys. Res. 65 , 1661- 1671. 

Field , G. B. (1961), The source of rad iation from Jupiter at decimeter 
wavelengths, 3. Tim e depend ence of cyclotron radiation ; J . 
Geophys. Res . 66, 1395-1405. 

Gary, B. (1963), An inves tigation of Jupite r's 1400 Mc/s radiation, 
As tron. J . 68,568- 572. 

Giordmaine, J. A. (1960), Centime ter wavelength radio astronomy 
including observations using the maser , Proc. Nat. Acad . Sci. 
U.S. 46,267-2 76. 

Gol'nev, V. Ya., N. M. Lipovka, and Yu. N. Parii skii (1964), Obser· 
vations of radio emission from Jupiter at a wavelength of 6.5 cm 
at Pulkova, Dok!. Akad. Nauk SSSR 157, 554-556. Sovi et Phys. , 
Dok!. 9, 512-514 (1965). 

Gower, J. F. R. (1963), Radiation from Jupiter at 178 Mc/s, Na ture 
199, 1273. 

Haddock, F. T ., and J. R. Dickel (1963), P lane tary emiss ion, Trans. 
Am. geophys. Union 44, 886. 

Kazes, L N. (1 964), Simultaneou s observa tions of Ju pite r on three 
frequ encies, Cornell Unive rsity, Research Report RS61, 48-50. 

Korol'kov, D. V. , Yu . N. Parii skii , and G. M. Timofee va (1964), 
High resolution radio astronomical observations of jupite r, As tron. 
Ts irkuliar No. 283, L 

Long, R. J. and B. Elsmore (1960), Radio e mission from Jupiter at 
408 Mc/s, Observatory 80, 112- 114. 

1551 



Maye r, C. H. (1961), Radio emiss ion of the moon and planets, The 
Solar Sys te m, 3 , Planets and Satellites, ed. C. P . Kuiper and B. M. 
Middle hurst, pp. 442-472 (Uni v. of Chi cago Press , Chicago) . 

Maye r, C. H., T. P . Mc Cullough, a nd R . M. Sioanaker, (1958a), 
Observati ons of Mars and Jupiter at a wavelength of 3.15 cm, 
As trophys. J . 127, 11- 16. 

Maye r, C. H., T. P . McC ullough, and R. M. Sloana ker (1958b), 
Meas ure ment s of pla ne tary radia tion at centimetre wavelengths, 
Proc. Inst. Radio Engrs . 46 , 260- 266 . 

Me nzel, D. H., W. W. Coble ntz , and C. O. La mpla nd (1926), Plane­
tary temperatures derived from water-cell transmiss ions, As tro­
ph ys . J. 63, 177- 187. 

McC lain , E. F. (1959), A tes t for non-thermal radia tion from Jupiter 
a t a wavelength of 21 c m, Astron. 1. 64, 339- 340. 

McClain, E. F. , J. H. Nichols, and J. A. Waak (1962), Investigation of 
variations in the dec imeter-wave e mission from Jupiter , As tro n. 
J. 67, 724- 727 . 

Morri s, D., a nd C . L. Berge (1962), Measure ments of the polarization 
and angular extent of the decime ter radiat ion from Jupiter , Astro­
ph ys . J. 136,276- 282 . 

Ortwein, N. R., D. B. Chang, and L. Davis, Jr. (1964), Sync hrotron 
radiation from elec trons in a dipole fi eld , pri vate communica tion, 
quoted by Robert s a nd Komesaroff [1965]. 

Radharkrishnan , V., and J. A. Roberts (1960), Polari za tion a nd 
angular exte nt of the 960 Mc/s radiation from Jupiter , Phys. Re v. 
Le tte rs 4 , 493- 494. 

Robe rt s, J. A. (1963), Radio emiss ion from the planets, Planet. 
Space Sci. II, 221- 259 . 

Robe rt s, J. A., and C. J. St anley (1959), Radio e mi ss ion from Jupiter 
a t a wavelength of 3 1 centimeters, Pub!. Astron. Soc. Pacific 71 , 
485- 496. 

Robe rt s, J . A., a nd M. M. Komesaroff (1964), Evide nce for asym­
me try of Jupite r's Van Allen belt , Nature 203 , 827- 830. 

Robe rts, J. A., and M. M. Komesaroff (1965), Observations of Jupi­
ter's radio spec trum and polari zation in the range 6 c m to 100 c m, 
Icaru s 4, 127- 156. 

Roberts, J. A. , and R. D. Ekers (1965), private communica tion. 
Robe rts, M. S. (1962a), Correlation of Jupiter decimeter radiation 

with so lar activity, As tron. J. 67, 280. 

Roberts, M. S . (1962b), The rela tion of solar acti vity to Jupiter dec i­
meter radiation, IRE Trans. Ant. Prop. AP-I0, 494- 495. 

Roberts, M. S. , and C. R. Hu gue nin (1963), The radiation belt of 
Jupiter, La Phys ique des Planets, 11th Colloque Interna tional 
d'As trophys iqu e, Liege . Me m. Soc. Roy. Sc i. Liege 7 ,569- 587. 

Rose, W. K. , 1. M. Bologna, a nd R. M. S loana ker (1963), Linear 
polarization of Jupiter , Saturn and weak radio sources using a 
9.4 cm mase r, As tron. 1. 68, 78. 

Sloa na ker, R. M. (1959), Apparent tempe rature of Ju niper at a 
wavelength of 10 c m, As tro n. J. 64, 346. 

Sloana ker, R. M., and J . W. Boland (1961), Observations of Jupiter 
at a wavelength of 10 c m, As trophys. J. 133, 649- 656. 

Thorne, K. S. (1963), The theory of synchrotron radiation from stars 
with dipole magneti c fi elds , Astrophys. J_ S upp. 8, 1- 30. 

Thorne, K. S . (1964), private communication, quoted by Roberts 
and Komesaroff [1965]. 

Thornton, D. D., and W. J. Welch (1963), 8.35 mm radio emiss ion 
from Jupiter , Icarus 2, 228- 232. 

Tibe ri , F. (1965), priva te communication. 
Warwick, J. W. (1963), Dynamic spec tra of Jupiter's decametri c 

emiss ion, 1961 , Astrophys. J. 137, 41- 60. 
Warwic k, J. W. (1964), Radio emission fro m Jupiter, Ann. Rev. 

As tron . As trophys. 2 , 1- 22. 
Wes tfold , K. C. (1964), private communication. 

Discussion Following Roberts ' P aper 

F. Drake: Although your decime ter rotation period 
fits the Sys tem III period to within OS.5, isn' t it now 
inconsis tent with the decameter period, which has 
recently been changing? 

A nswer: The decimete r measurements, made 2 
years ago, might not disagree with the decameter 
period observed then if one takes account of the un­
certainties involved_ 

(Paper 69Dl2- 587) 

An Interferometric Study of Jupiter at 10 and 21 cm 
G. L. Berge 

Owens Valley Radio Observatory, California Institute of Technology, Pasadena, Calif. 

An interferome tric study of Jupiter ' s decimeter 
radio emission has recently been carried out at the 
Owens Valley Radio Observatory . Using the two 
90-ft paraboloids as an interference polarimeter, 
observations have been made with various eas t-west 
spacings rangin g from 300 to 4700A at 10.4 cm and 300 
to 2300A at 21.2 cm and also with some critical north­
south spacings at 10.4 cm. Berge and Morri s [1964] 
and Berge [1965] have presented some preliminary 
results of this study. 

Figures 1 and 2 illus trate the eas t-wes t interferom­
eter response at 10.4 cm, as a function of baseline, 
for differ ent orientation combinations of the linearly 
polarized feed horns. The plotted points are the 
fringe amplitudes and relative frin ge phases respec­
tively. The data are for a 90° range of longitude of 
the central meridian of Jupiter (System III) centered 
on LttI = 20°. The response functions (called vi sibility 
functions) vary with LttI because of the beaming effect 
as Jupiter rotates and also because the Jovian source 

changes its orientation with respec t to the inter­
ferometer baseline as Jupiter rota tes. Both of these 
effects are a result of the diffe re nce of 10° between 
the directions of the magnetic and rotational axes. 
It is because of these changes than the data have been 
segregated roughly according to LIlI . 

At the time of the observations, the position angle 
measured from north through east in the sky, of Jupi­
ter 's rotational axis was 335°. The position angle of 
the east-west baseline projected onto the sky was 
always nearly 90°, even at large hour angles. 

Moffet [1962] has discussed the theory of visibility 
func tions for unpolarized sources whe n the feed horns 
are identical. Morris, Radhakrishnan, and Seielstad 
[1964] have generalized the results to include non­
identical feeds for s tudying the polarization distribu­
tion over the face of a radio source . The normalized 
complex vi sibility function is 

f3(s, p) = V (s, p)ei<P(s, p) 
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