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CHAPTER I

Some ~=smects of Juniteris decametric radiation

=t

It wag purely by chance that one of the strongest sources of decametric

radiasion vas discovered (Burke and Franklin 1955; Franklin, 1959).

ol

uring the first few months of 1955, Burie and Franklin were improving the
roceiver and auxiliary eguipment attached to the 22,2 Kc¢/s Mills Cross, ;n
entenna wiich had been built Yo produce a survey of the sky at that
frequency. In order to judge the results of their improvements, they
decided to direct the pencil beam (about 2.5° wide at half-power points)

to the declination of the Crab Nebula, the sirong radic source in Taurus,
and coupare records before and after each modification. They also decided
to build up a two dimensional picture of this part of the sky, during which
they arvitrarily directed the antenna beam southward by about 1° at three

to four weel intervals.

The records showed the characteristic hump as the Crab Febula passed through
the ansenna beam, At times the recordings showed a feature which appeared
0 be one of interference. They joked that it was probably due to faullty

ignition in the car of a farm hand returning from a date.

Investigating this interference more fully, Burke discovered that this was
turning out to be 'some strange romance'. The "swain' was returning honme
earlier each evening. Upon further investigation it was found thatb

whenever this "interference' was received, Jupifer was in the reception
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the whole frequency range, over which Jupiter noise has been observed.

Jupiter's decametric radiation, which is generally very burstlike in nature
has to date been obéerved on all frequencies from 3.5 Mc/s (Zabriskie et al,
1965) to 43 Mc/s (Kraus 1958). The last mentioned limit was however only
an aural observation and has not been conilrmed by any other observer.
Viarwick (1963) shows spectograms, which do indeed show beyond doubt, thai

Jupiter emits decametric radiation beyond 38 Mc/s.

The largest number of observations can be made in the vicinity of 18 Iic/s.
Fig. 1. shows the histogram constructed from data obtained by the author
at 18 Mc/s at our local observatory {Gledhill et al. 1963). It shows the
usual characteristic features. The various peaks are generally called
"Sources'. The following nomenclature for source regions on Jupiter was
adopived by the Jupiter Observers Conference at Goddard Space Flight Centre

during April 1965.

System III longitude range in degrees Degignation
0 - 70 D
70 - 190 B
150 - 280 A ‘
280 - 360 C

Histograms constructed for different years and frequencies practically all
show a prominent peak between 200° and 280° CML and a gecondary peak between

90° and 160° CML, as well as one around 320° CML. Franklin and Burke (1958,








































































CHAP!

We have so far discussed some of the properties of Jupiter's decametric
radiation; as an experimenter on‘Earth would observe it and we have surveyed
ghortly present ideas of how this radiation can be accounted for. Vhatever
the process responsible for the radiation, the emission will still have to
pass through some parts of Jupiter's ionosphere, the interplanetary medium
and £inally the Earth's ionosphere; each of which will affect the radiation

to a greater or lesser extent,

Since the observed sense of polarization of Jupiter'!s bursts are the same

in both hemispheres of Earth, the polarizétion mustdbe an intringic feature
of the decametric radiavion. This 1s generally accepted, as the
interplanetary medium is thought o be unable to impose the features usually

observed.

Warwick and Dulk (1964) reportv that some of the decametric radio emission
from Jupiter observed by them exhibits effects which are atitributable to
Faraday rotation within the Earth's ionosphere. This effect was noticed

on their spectrograms as alternate light and dark bands, which in most cases
were lying parallel to the time axis. The bands appeared to be unrelated
to the more prominent interferometer fringes and were more closely spaced

at lower frequencies. They are also not affected by a change in the delay
line, Riihima (1966) reports Paraday rotation observations in his
spectrographs which slowly drift in frequency, indicating that the fotal

electron convent over the ray path is slowly changing.
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However, if the incoming radiation is 100% polarized, i.e. no random
component is present, results showing the axial ratioc only are meaningful
(Sherrill and Castles, 1963; Carr et al. 1961; Dowden, 1963)}. We shall
therefore follow their example and assume that Jupiterts decametric radiation

is completely polarized.

The axial radio is then given by

L-R
T = ITTR (20)

The values will vary between +1 (left-hand) to -1 (right-hand).

Fig. 2 shows an antenna connection which ig capable of detecting circular
components of polarization. A and B are two linear dipoles. Al and Bf
are two output peints. The antennas A and 3 are mutually perpendicular-

and intercomnected with a cable introducing a phase change of I /2,

Suppose rignt hand circular polarization is incident upon the antennas.
This will produce a signai of the form E cos 1 in antenna A and a signal
E cos (Wt + T/2) in antenna B.  The signals ét the outputs A' and B!
will then be
At A ——E coswt plus Ecos (wt + W/2+ W/2), i.e. 7RO, (21)
At B' ~—Ecos (wt+ W /2) plus Ecos (wt + T /2)=2E ginew
If the signal is left hand circularly polarized then the two outputs will be
reversed, i.e, the output at A' will be 2 E sin &)t and the ocutput at B!

will be zero.
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of axial ratios and these will be compared with the work of other

obServers.,

Pig. 8 shows some vity reco1l : during the night of the 6th Hovember
1965, During this activity source A (238° - 265° GilL) was pointing
towards Earth and Io was in the vicinity of 220° from SGC.  The %otal
duration of this burst group was about 2.5 sec. Although activity may
have been ail over the band, two main regions of aciivity can be seen %o
be well above the nolse level, one acti Lty :gion 3 in the vicinity of

16 le/s and the other is in the vicinity of 23 llc/s.

For comparison and easy surveyance Fig., 9 was prepared to shdw the activity
of the right hand trace only. It can be seen that both buwrsts are stable
in frequency, no appreciable drift in frequency could be established.

The structiwre anu amplitude seemX to vary. Axial ratios were determined
for the maximm peak of each burst in each sweep. The accuracy is of the

order of 20%,

The lower frequency burst varied in axial ratio from -0.15 to -0.66 and
for the higher fregueacy bursy the axial ratio varied from ~0.17 to -1.0.

The mean axial ratio for the bursi amounted to -0.40 and -0.46 respectively.

There appears to be a division of the lower frequency pulse into two
secvions. Comparing traces b and ¢, it secems possible that the division
ray be due to another pulse having drifted up frow lower frequencies, the

pulse not being noticeable in trace b, while trace ¢ shows them both.
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In the second picture we see left hand activity in trace a.
still be seen in the second trace {AR = +1) at & frequency
However there is also some RH activity to be seen at a slig
frequency (16 Mo,  extending downwards, out of the range ¢
instrument, Whi he third trace was taken activity is nc
both traces. It appears as if the EH pulse might he at a
frequency. -.cture II wag taken a few seconds after plciv

axial ratio of the BH pulse in IIb ig of the order of =0,2.

Picture III also shows a left hand pulse (AR = +1), while t
picture shows actlvity with a bandwidth of appraximately 1
frequency of 16 Mc/s. The axial ratio is about +0,13., 1
picture, we can also malke out some activity around 16.5 Moy

campletely left hand (AR = +1).

Fig, 11 shows four pictures, each of which might exhibit +1
of travelling pulses. Pictures I, II, III were taken duri
the night of - ™ “Tovember 1965, picture IV on the night
November 196 le Tth November CML longitudes were al
this emissiol —.. . Jbout 90° from SGC, while on the 22nd
ClL was pointing towards Earth and Io was about 266° from ¢
gsee from the discussion which follows in the next chapter,
occurrences may nave been Io-related. We cannot be certai

know the highest frequency these storms attained,

It is not at all certain that these pulses do indeed represent iravelling
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Tne last three pictures are 1o be seen in Fig. 17.

; . e . ) olas
unrelated snori acviviiy. The second plcture’snc
activity. In the last picture some stationary m
are marked X, The pulses marked + are thought T«

L]

4.6 Discussion

The time duration of Jupiter's decareiric emission varies from bursis

R

lasting for a fv - "7 to bursts lasiing les~ *han 0.05 sec.

The latter pu.st es been refc. ..l vu dS  opievans  pulses.

The Jupiter observers conference held in 1964 at GSFC proposed that the

pulses be grouped as follows:

Burst type Time scale in sec NASA class. name
long : greater than 2.0 3 L
normai 0.2 - 2.0 2 q
shogt less than 0.2 1 3

Baart et al (1966a) have recently proposed that the "S-group' be
subdivided into short pulses (range 0.05 - 0.2) and very snort pulses

(less than 0.05 sec). The laiter type they named "I-pulses'.

Tnis classification covers all the types of bursts we are likely 10 observe
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frequency by more than 1 i/ 52,

However if we consider the latest publications in this field (Var
Gordon, 1966; Riihimaa, 1966), we find that they have observed p
which drift in frequency at a much higher rate. Warwick and Gor
report having observed drift phenomena moving from high to low fr
at a rate varying between 5 lic/s and 35 lic/s , Wnile Riihimaa repo
o aboui 0.5 lig 52. (His instrument was incapable of detecting .
drifs rates). We may therefore conclude that all types of drifi
can be observed. Theory predicts drifts varying from 30 IJ.c/s2 t

50 Mo/s%, but the 1imits are only imposed by the choice of electr

energies.

We can deduce the electron energy of our observed drifi pulses fr
relatively simple geometrical considerations. Davis and Chang (
devermined from decimetric observatioms of Jupiter, that the plan
magnetic moment is 4.24 x 1011‘weber.meter. For the purpose of t
calculation, let us assume that the drift veloeity is 8 Mc/s2 at
and that the radiation is emitited at the gyro-fregquency.

With the above dipole moment, a difference of 2 Iic/s corresponds %o a
difference of height of 3250 km in the magnetic field along the mgmetic
polar axis. The dxrift rate of 8 Mc/52 therefore corresponds to a linear
velocity of 13,000 km/sec, and a bandwidth of 0.5 Iic/s corresponds to a
lengih, of the eleciron cloud emitting the radiation, of 800 ¥m., T

negative drift rate implies that the electron cloud 1s travelling into the
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5.8 Digcussion

In the previous sections we have pregented an analysis of data collectou
over five appariticns. This analysis was based on a new grouping of
the data and some additional facts are revealed. However if we combine
some of the results Bf the previous sections, there are some further

resulise

Ve have seen in Fig. 19 that, if the observations are grouped w.r.t. the
I observed during a particular storm, tie data falls inito three sections,
the IF below 21 lMe/s, the MF between 21 Mc/s and 33 Mc/s, and the lash
the IF above 33 lic/s. for convenience sake, let us call these regions

3, 2 and 1.

From the discussion in secvion 5.4, we have determined that the Io
dependence is not uniform over the MF range. Above 32 lMc/s the Io
control is complete, between 20 lic/s and 31 lic/s Io control is weak and
in +the 18-19 kc/s MF interval some definite Io control can again be
detected. If we write thdis in terms of the three regions, we way say,
that in region 1 Io conirol is complete, in region 2 Jo control is very

weak and in region 3 Jo conirol can again be detected to a notable extent.

There is a third point which has to be called to mind, before the
conclusion that is to be drawn maltes sense. Carr et al (l965a) have
published a paper wherein they state that Jupiter activity is greatest
between 5 lic/s and 1C lie/s. For argument sske, let us agsume that there

is & peak in a hypothetical IF plot at 9 Me/s. Since the agctivity is
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