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| obvious that I am making a survey of existing
knowledge on the subject of the present study, the
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*
APSTRACT.
This thesis describes ohservations of the fine

structure in Jovian decemetric radistion made st
Grahamstown during the 1967-68 apparition. It was

found that pulses with duraticn less than 0.5 milliseconds

1

were common curing fine structure storms.  The
restrictions placed on the source for different theories
of ocrigin of the short pulses are discussed.

The variation of the probability of occurrence
from year to year is analysed on the agsumption that the
radiation is found in directions fixed with respect to
the planet’s magnetic field; It is concluded that
there is a fattor other then the declination of Earth
and the To effect which controls the probability of
occurrence, A detasiled analysis suggests a beam width
of 3° in latitude at Jupiter but further work is necessary

10 check this,
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1. REVILYW OF PREVIOUS KNOJLEDGE OF JUPITER’S DECAMETRIC
RADIATLON. '

Since the discovery that Jupiter was a soﬁrce of
intense decametric radiation (Burke & Franklin 1955a, 1955b)
much work has been done on tiis radiation in both theoretical
and observational fields., .This chapter is intended to
provide a brief summary of this work.

1-1. Ohservations of Jovian decametric radiation.

The decametric radiation from Jupiter has a very
irregular nature with time structure on a number of different
scales, "Storms" lasting for a few hours are the most

obvious feature and are related to the rotation of the planet

on its axis., The surface of Juplter is covered by dense clouds

which rotate with the planet and which completely hide the
surface of the.planet. The observed rotation rates for
clouds in thebeéuatorial and mid-latitude regions are
different and features in these regions are referred to

the longitude systems I and II respectively, The rotation
rate for the decametric radiation was found to be differeht
from both of these (Shain 1936) and in 1962 a third longitude
system was adopted.  System III longitude was defined as
coinciding with system II at OO0O UT on the lst January,
1957, and as having a period of 9 h 55 min 29,37 s

(Douglas 1964), Since 1962 there has been some dbubtbgbout

4

- the accuracy of this period with some suggestiong of a change

of about 1 sec in 1961 (Douglas & Smith 1963, Smith et ol




1965), It has 2lso ba@n sugaested that the period should
be v9 h 55 min 29.67 s and that the change in rotation rate
is due td a cyclic movement of the sources (Gulkis & Carr
1966).

Rediation is received more frecuently when certain
ranges of system III longitude lie on the central meridian of
Jupiter, Plots of the dependence of probability of
emission on central meridian longitude show three peaks
called A, B and C sources as shown in figure 2-6, The
position and width of the sources has been found‘to vVary
considerably with frequenéy of observation, At low
frequencies the radiation probability is largely independent
of longitude but shows a marked power distribution with
longitude (Ellis 1962a, McCulloch & Ellis 1966). At higher

’

frequencies the radiation is predominantly from B souzce
(Gruber 1967),

The frequency range over which s¢orms have been
received is very limited, The highest frequency reported
is 43 MHz with a single aural record. (Kraus 1958). = Low
frequency emission is difficuit to detect because of
interference but activitv has been recorded regularly at
4,8 MHz (Ellis 1962a). Activity is most likely at abouf
18 MHz and the probability falls off rapidly with increasing

reguency. A spectograph operating at Boulder, Colorado

over the range 8 - 41 MHz has been used since 1960 for = .
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'
}7 observations of Jupiter., (Lee and Warwick 1964). Warwick
E (1962, 1963) has shown that spectral characteristics are

1 fixed in longitude and are reproducible over a period of

%} vears.,

Bigg (1964) found that the probsbility of a Jupiter

storm pccurring depended strongly on the position of

Jupiter’s second satellite, To, Three dimensional plots
of central meridian longitude and Io departure from
superior geocentric conjunction against probability show

that for Io positions between 70° and 110° and central

;4 meridian longitudes between 900 and 1850 there is a high
probability peak. Theve 1s a second broader and lower

i | peak for longitudes in the range 200° to 280%nd Io positi@ns>
» in the range 210° to 260°, The majority of.B source

f'= activity is Io related, The Io control is more noticeable
flj for high frequency activity (Gruber 1967, Duncan 1966),

Dulk (1967) has shown that'Jupiter’s other satellites have

no effect on the decametric radiation.

The radiation probability is found to vary from vear
to vear and showed a clear minimum in 1958-59, Data are
insufficient but indicate an approximastely 11 vyear cycle in
activity. Carr (1958) and Carr, Smith, Bollhagen, Six
and Chatterton (1961) suggest thet the probability antiw

correlates with the smoothed sunspot number which has a period

.

of 11,1 years while Gulkis and Carr (1966) point out that a




fI  these groups of pulses do not correlate over a long

‘{ Many observers have tried to find a short term

5 of various kinds, The most promising correlation is

- 10 ~

correlation with Jupiter’s position in its orbit is more
likely. Tn particular asctivity seems to correlate with
the declination of earth as seen from Jupiter. This has

5 probability variation will be

Lde

. Th

Cu

an 11,9 vear perio

discussed in more detail in Chapter 4. ‘ g
correlation between Jupiter activity and solar activity

that found by Warwick (1963) (see also Roberts 1963)
between solar continuum and Jupiter storms which extended
above 30 MHz in the following few days. All other
correlations are probably statistically insignificant.
Individual storms contain time structure on a
finer scale st¥ll, Bursts of activity tend to form

groups containing several bursts or pulses and lasting

for tens of seconds to minutes. Tt is found that

baseline and are probably of ionospheric origin. (Gardner
P P

& Shain 1958, Smith et al 1960, Douglas & Smith 1967),

]

hese groups are made up of pulses of various lengths

from several seconds to milliseconds with pulses of the

rder of a2 second being the most common. Pulses with

o}

duration longer than 0.2 seconds will be called normal

pulses and the rest will be called short pulses. The
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normal pulses are found to he correlated over long baselines

for delays between
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lses must be part of the Jovian radiastion
incident ¢n the ionosphere and are probably due to inter-

ry scintillations (Douglas &-Smith 1967).
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in eerlier studies
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The short puls s were report

by Gall (1961), Kraus (1958) and Douglss and Smith {1961},
but did not attract much attention. Short pulses tended to

clump together in groups of 3 or more pulses although
occaslonal lsolated pulses were reported, Riihimza (1964b)
obtained spectographic records of these short pulses and

found that they tended to drift in frequency. He estimated

[43]

a duration of about B msecs on average for the pulses. In

; _
1965 Slee end Higains found that the millisecond structure
was simulteneous over a 200 km baseline in contrast with
deleys of up to . cne second observed with normal pulses:
This pointed to an origin for the short pulses which was
different from that of the normal pulses, Since 1965 the
short pulses have attrascted more attention. Recent work has
shown thet the pulses have components on a submillisecond
scale and are well correlated over long baselines. It seems
likely that some subdivision of the short pulses into two )
types as -shown in teble 2,1 (Baart, Barrow and Lee: 1906) would

represent a real division between pulses which are merely
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short noimal pulses 2nd pulses on a millisecond or sub-

~

millisecond scale,  The latter sppear to have a different

origin, Chepters 2 and 3 of this thesis deal with these

nillisecond scale pulscs,

3

The radiation freom Jupiter usually shows a definite

&3]

- 1.

polarizetion and meny polarization studies have been made,
Obs~ivotions in bhoth northern and southern hemispheres show

that the redietion is largely right hand circularly or

The hicher frerucencies show only right hand
polarization with left hand bursts becoming more common
with decreasing freouency. Several observers report
radiation with a random linear polarization. (Sherrill 1965).

1-2. Theories of Jovian Decametric Radiation.

There Qave been several attempts to explain the
origin of the decametric radiation theoretically,  The
earlier sugaoestions of lightning flashes or volcanic
stimulation of the ionosphere were soon discarded and
attention was focused on methods of generation by
particles streaming through the ionosphere or magnetosphere.
Only two theories have been developed sufficiently to
nrovide a mechanism which is capable of describing the
observed longitude distributions and‘frequency dependence.
A third theory describes the longitude and frequency depéndence

well and includes the Io effect as an integral part of it,
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magnctosphericplasme by an elcctron stream travelling
through the plasma along the nma

It

[N

S ass

(’)

umed that the plasme frequency is always less

than the cvclotron freguency because the plasma density

is controlled to a large extent by the magnetic field

intensity. The redistion is assumed to be gererated
in the extra-ordinary mode, Under these conditions

ly the Doppler shifted radiation propaq

i

4]

ting with a
component in the direction of the electron stream can
escepe the plasma. (See Appendix B).

Radiation is possible for streams moving towaxrd

23}

3
Ko

e

the plenet or for streams moving sway from the pl
after reflection at the mirror point. In the former
case radiation will be beamed towards the planet and
reflected outwards at the eppropriate extra-ordinary
mode Terléc 2ion level, In either case Fung (1966)
hes shown that the radiation at a particular frequency
will be concentraied on the surface of a cone co-axial
with the magnetic field lines. The angular width of
i

the cone increases with decreasing frequency. Using

A
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as an example the possible ﬁ@anﬁb]O of wiistlers in

3

the magnetosy bor@ by this method, they assume that +ho
radiation will only take place from field lines with a

Activity will-only be
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high
observed when the cone of radiation'is swept over the
Earth, By u%ing‘a magnetic field model with the

dipole axis inclined with respect to the rotational

axls and with suitable dip anomalies, they obtained

a good fit to the observed longitude - frequency

profile,

In particular this model predicts a fine structure
due to individual bunchesrof electrons within a,stream;
This fine structure will appear as bursts of activity
drifting in frequency.dver.a short range of frequencies

,
determined by the cone intersecting Earth. The drift
rate would be in the range 30 to 50 MHz/sec for the
magnetospheric properties assumed and would be a drift
from low to high frequencies with time (positive drift)
for bunches moving towards the planet and a negative
drift for bunches movihg away from the planet.

In addition the probebility of radialtion being
receilved at earth must be st hgly dependent on the
magnetic declination of Earth with respect of Jupiter,

i.e, on.the angle between the magnetic equatorial plane

of Jupiter and the line joining Earth and Jupiter




The second theory is that due o Warwick (1961

who suggested that the radialtion originates clese to the
planet in the ionosphere, It is assumed that tihe main
radiation belt lies between 2 and 3 Jovian radii from the
centre of a dipole magnetic field, A localized disturbance

in this belt causc

[43]

fast electrons to be precipitated
down the field lines intc +he ionosphere,  Those electrons
with velociti es greatexr than the phase velocity for |
propagation in the plasma generate e Cerenkov radiation
in the extra~ordinsry mode below the gyrofrequency.
The wave which is most strongly generated has a phase
veibciiy near the velocity of the electrons and a
frequency just_gr@ ter than the nl ma frequency.

Warwick assumes. that the radiation is confined

N o L . . . -
to within 107 of the field line and is beamed shead of

the precipitated electrons. The radiation 1s reflected

by a denser part of the ionospﬁere or by the surface of
the planet and emerges beamed in the direction of the
field lines, In a manner simidar to that of the Ellis
and NcCulloch theory the longitude and frequency profiles
observed on Earth are caused by these beams being swept

across Earth by the rotation of Jupiter. To obtain the

observed profiles it was necessary to displace the dipole
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axls of Jupiter, relative to
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atorisl plane and relative to the 200° system III
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The theory makes no spccific predict

Tine structure but alein the rprobakilityv of

ne wnlch remalns psrallel to the dipole axis
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Gledhill (19672, 1667b) has proposcd that the
dicticn 1s generated in the vicinity of I

theory provides & model of Jupiter®s magnctospher

wirticn is cepable of explaining some of the

properties of ,the radiation from Jupiter re

providing a detailed theory of the emission
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with the planet. The high ro
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observed

of Jupiter

causes the plssma in the magnetosghere to concentrate

A\

¢ at tnose points of the field lines furthes

axis of rotation giving rise to a disc shape

]
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sphere, . h

-

magnetic dipole axis is assi

from the

inciined to the rot=tional axis and the dipole is

displaced C.4 radii north of the equaterisl p

The magnetic field intensity is chosen to giv
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2. MITTTSRCOND STRUCTURE IM JOVISM DECAMETRIC RADTAT. O

AV AT Lnive

- - } H

In the previcus chapter it was seen that several
observers have reported a component in the time structure
of Jovian decametric radistion with a time scale of less
than 50 msecs, It is this structure which is the subject
of this chepter and which constituted the bulk of the

recearch work I have donc during the past two vears,

The first scction summarizes those properties »

o3
b}
=2
'r_l
-

isecond or "spitting" component of the radiction which

were known at the commencement of the progremme and outlines
the aims of the programme; .This is followed in the secound
section by a description of the ecuipment'used in the study

of the milliscecond structure and of the form of the

ermanent records made of such activity. In the third section

e

the observing programme and the identification of the
radiation received with a Jovian origin is discussed. The

final section deals with the results obtained from these

2.1, Frevicus obhservations of millisecond time structure.
in Jovian decemelric radiation.
The "bursty" nature of the Jovian decametric rediation
has hecn mentioned in the first chapter, Tn accordance
with the NASA "Recommendations for Standerdization of

Feporting Procedures™ as cquoted by Baart et al (Baart,

Barrow and Lee 1966) the nasmes and classifications




given in 2-1 will be used to identify burst types and
for convenience the name I-pulses assigned to bursts
lasting less than 50 milliscconds in the above papez
will be adopted throughout this. chapter,

The properties of thesc millisecond bursts ox
I»pulseé can be surmarized as folléws:

Cver a loudspeaker they are heard as sharp clicks

rather like terrestrial

2]

tat

[y
(]
°

They may occur singly

or more often in groups of two or threc pulses following

closelyupon each other and may be received with normal

R

ursts, superimposed on normal bursts or entirely

independently of normal hursts., Measurcments of the
durations of the pulses at onc frequency vary from 0.5
milliseconds to 50 milliseconds, . Spitting storms are

1
far more common from B and C sources +than from A source

Q.

and exhibit the usual

ependence on Io position with the
peak at 90° S,C.0. relatively larger than for normal storms
as a result of the greater likelihood of B source being
active, The spitting pulses are usually elli
polarized, as are normal burste, and both right hand and
loft hand polarized pulses arc cbtained. Swept frequency
pulses are narrow banded and at *times appear to drift

frenuency towards lower frequencies.
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PULSE LENGTHS CLASSIFICATICH
L Grea%er‘than 2 8ec8. Long
W 0.2 = 2 secs,. Normal
S 0.05 = 0.2 secs. Shorﬁ
I Less than 0.05 secs. I-pulses
\)

Tables 2,1 Classification of pulses.
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»
The aim of this study was firstly to confirm

5

those characteristics of the I-pulses which were already
known and secondly to obtain accurate measurements of

the duration of the I-pulses. It was hoped that an

accurate knowledge of the pulse lengths would vield

i

.

information on possible

mechanisms for the generaticn
of these pulses, Till recently there had been few

9

attempts at measuring the duretions of these pulses

accurately and most of the measurements which had been

made were done by measurement of analogue records made

o
2
Q
iy
+
=
}..J-
0
+
3
QL
]
h

during noise storms. Disadvantages

«

measureﬁent are the limitations placed on the minimum
pulse length measurable by the necessity for reasonably
eéonomical chgrt speeds and by the inertia of the
mechanical components, When analogue records are
obtained by photeographing traces on an oscilloscope

screen more accurate measurements are possible but
continuous records are impossible and tedious measurements

l

of pulse durations are still necessary,

&

To eliminate some of the drudgery involved in
these measurements and to decrease thé lower limit imposed
by mechanicel systems on measurable pulse lengths, it was
decided +o construct an electronic device capable of

measuring the durations of pulses automatically.

—_—




he antennae and recelivers usod during the I-pulsec

experinent were used simultancously for routine fixed

I S S N - T00" L2 ~ N T - ~ 2 i 12
S(_,“ NQYOor 1()(‘ _L‘j[,;], L.,.,_l tihe lUL‘l uUV\'L‘, 19_)?, all,.tgug.;
B £ vy N N - J» - ER [ ~ -]

not all frequencies were used thzoushout this pariod.,

© The antenna used at each frecuency consisted of two

— - . PR P Al K ~- ~ TR R I
Tour element Yeai’s mounted on the same bezm but with

elements mutuclly perpendicular to each other and to the
beam, The antenna was fixed in elevation but rotataeble
in azimuth. The main lobe of the bearm pettern was about
00° in width. Ylith this arrangement Jupiter could be

kept in the beam of the antenna for up to eight or nine

hours a day with rotation of the antenna only necessary

The antenna yielded two perpendicular pliane
polorized components of the incident radiation which were
converted to two circularly polerized components of

opposite sense usina a hybrid ring method as illustrated

in fig. 2-2, (sne for exampnle Barrow 1962)., After

]

reamplificetion by a broad band amplifier each of the

n
two circular components was fed to a stardard communi-
Iy

cations receiver (Trio 9R - 59; with an output signal

%3]
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Receiver1

Receiver 2

Fig 2.2 The. hybrid ring system us.,’eci to c:bj‘,ain_

1éft and right handed circular nolarizaticns

o




taken from the detector, This left the audio stages frce
for monitoring purposes, An eight track variable speed

‘pen recorder was used to record two polsrizations at each
of the four frequencies used {when a2ll were in operation)
as a part of the routine observation programme, The
chart speed when I-pulse storms were in progress was

FOR THE RECOADER AMPLITIER
250 mm/min with a2 nominal time constant of 0.1 seconds.
The shortest pulse>length measurable from a chart under
these conditions would be 0.2 seconds and so I-pulses
could not be measured.

A block diagram of the pulse measuring - equipment
is shown in fig. 2-3 and a detsiled circuit diagram in
fig. 2-4.  The basic idea was to square the I-pulses
from the detector of the receiver and use them to géte a

. :
sweep generator. The sweep’s peak height could then be
used as a measure of pulse length. The circuilt converts
a time interval to a voltage which is easily measurable.
| In order to bé able to set the minimum level for
identification of a pulse as Jovian radiation with some
degree of precision it is necessary that the peak amplitude
of the pulse be much greater than the uncertainty in the
selection level, As the uncertainty in the selection
level was determined by the hysteresis of the Schmitt used

for squaring the pulse and was in practice of the same

order of magnitude as the r.m.s. sky noise level a fairly

hi

«Q

h gain voltage amplifier was necessary.

S
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Fig 2.4 Circuit Diagram




From rocoids of pulse length observations
»

.

avallable at the time the apparatus was designed, it was
expected that pulses would have lengths down to sbout 1 msec.

and this was used to determine the bandwidth necessary for the

pulse amplifiers, Fourier synthesis of s square pulse shows.

that for an amplifier to pass a pulse of duretion T with

satisfactory accuracy, the smplifier must have a bendwidth
2/ . -

of at least ™/ T and preferably greater, It was leter found

that pulses with shorter duration were common and it was

iy

necessary to modify the amplifying steges.
At the other end of the spectrum the amplifier hed

to have a lower cut-off sufficiently low to prevent droop

of pulses with durations of tens of milliseconds but on
the other hand it would be advantageous if short and normal

bursts were ndét passed by the amplifier. The circuit used
consisted of & Darlington peir to metch the amplifier to
the detector of the receiver followed by a difference

2
w

amplifier with capascitative coupling between the twc.
The low frequency cut-off was then determined almost
exclusively by the value of the coupling capacitor.

The pulse squsrer which
a simple Schmitt triqgger, The triggering level was set
by means of a potentiometer which wes calibrated in terms
of the r.m.s. noise voltage which would just fail to

trigger it, The selection level was obtained by

measuring the r.r 3 ¥ .
9 the r.m.s, noise voltage st the input to the
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Schmitt and setting the potentiometer to three times

value, By this means only those pulses which hed an

amplitude greater then three times the r.n.s. noise levell

were measured and thus regarded as having Jovian origin.

This did not eliminate terrestrial static pulses but

these are usually wide-band pulses in contrast with

-

narrowbanded pulses of Jovian origin, it Is possible
eliminete them by comparison of records obtained at
frequencies differing by a few MHz, For this reaso

identical pulse measurers were built and operated at

frequencies separated by 2 MHz, This method was oni

L3

used for the earlier obscrvations, thereafter it was

realised that the site of the obaervatory was suffic

gquiet and free from static to make such precau tions
’

UNNecessary. Measurements were then made of pulse

durations in the two circularly polarized components

Q)

of the radio noise at the same frequency.

The switching time of the transistors did not

>

any restrlction on the minimum pulse length measurable

~ »

even ualng audio frequency Lrar sistors it was consid

less than 0.1 milliseconds.

The sweep generstor used was of the constant current

, s

to

n two

place

1 -
L2 as

type: a constant current throucgh a transistor T, connected

1

in the common base configuration is used to charge a

capacitor. The current remains constant as it is




determined only by the potentijzl drop across the emitter

2 -;3\
- - ~ - ooy ! ~ ~ 3
compariscn. In the quiescent state the capacitor is

shorted by a second transistor T? which carries 211 the
current passing through Ty. The positive gate pulse

H
c
D
[}
C
oo ]
c+
l,_J
1
o+
o

cutting T, off. The capacitor then cha

gate is removed and T, returns to the conducting state

As T, starts conducting it discharges the capacitor.
L.

The sweep generated in this way was applied directly to
the horizontal plates of an oscilloscope. There was no

vertical input to the oscilloscope sb the display on the
screen consisted of a single horizontal line for each
I~pulse received, The length of the line was proportionsl
to the duration of the pulse,

The square pulse from the Schmitt was amplified
and used to intensity modulcslte the display on the
oscilloscope, This ensured that only the sweeps were

visible, the flyback and delay before the next sweep were

)

blanked out. This display was filmed using a camera which
moved the film vertically past the screen at about 11" per
minute. The film when processed had a series of psrailel
lines across it representing the durztlions of individual

pulses,
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reasons only results of the pulse meaosurencent experinent

; :
since March have been analysod. The apparstus was not in
use overy night during this period as it proved too

for one ob to run both the routines

experiments,

those nights

day and observations were not usually mad

period immediately after it had risen and

TNy e g - -~ PP T - . i o
During a.l obscrvation pceriods tne

of the receivers were monitored surzllv b

for any sign of Jupiter activity.

each watch the pulse experiment apparatus

A S
e auring Tl

immediate

v o an obser

chnarts. {See appendix A),
The watch each night lasted for that psrt of the
7 to 8 hour period, centred on the lécal transit fime of
Jupiter, which fell between 8 p.m. and 7 a.m, As the
observatory is situated in a valley and as Jupiter had a
3 [ ¥ 7L 3 O -3 f“‘yO et ~ ES £ ha
declination of between +107 and +12° during most of the
eppariticn, Jupiter was only visible for aboul 8 hours a

Ly

before it set. Observations during daylight hours are
not worthwhile at decametric wavelengths due to the large
amount of terrestrial stetic present.
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Pig. 2.8, The difference in charge and discharge time constants
is clearly shown in this section of pen recorder
chart,
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range of characteristics ouserved is nevorticless in orda:
J 2 2

b J
w

T-pulse activity precrded normal pulse activity »n seu-ral

occasions and more rzioly I-pulse activity follownd 2

normal pulse event, There wers instances where hola

T-pulses

43]
o]
Q

nor:al bursts occurred togetner, eiitiaers ~on
different frequencies cor at alternate times on ore
frecquency. Some storms conteined only I-pulse activity

with no normal or long bursts although on these cicasions

not I-pulses, During a period of J-pulse activity the
oulses could appear individually at intrzvals of 10
soconds or more, or at such short inlervals that the pen

of the recorder could rot return to the skv noise level

netween pulses, During spells of the latter hind of

\),

ctivity the spitting pulses appesred to be supcrimposed
on normal or long pulses, Helf an hour of record run

with a time constant of 0,01 sec, in ti2 course of the

on normal pulses were not impossible- but thet scme burste
with this appearance must be due to tne effect zbove.

Over half the I-pulse events observed exhibitad

(997

definite time structure of the order of

on the short pulse structurse This gav

RN
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large number of pulscs, At times the amplitude of the
pulses dropped to sky level between bursts but a2t oliexr
times pulses with low amplitude joined the bursts. of

. .

the remaining storms another 20% stowed a tendency towar ds
grouping but because of the longer intervals between
I-pulses the groupling is not cbvious, The rest of the
storms condistced of 1sclated pulsés with occasional

burst

[¢]

of many pulses.
The characteristics of the pulse structurs of a

W de <
N\

storm often changed during the coursc

b

of the s

()

0T,
Storms starting with isolated pulses usually showed a
gradual increase in the frecuency of I-pulses until
burst groups formed. On several occasions the bursts

of I-pulse activity changed to normal bursts but oniy
oncé did the opposite happeno As a storm progressed io:
I-pulses tended to incresse in amplitude.,  This could

be due tb either an increase in intensity or an increasec

in pulse length,

The next 3 figures illustrete the various kinds of

I-pulse storms which were observed. In all these figures
time runs from right to left along the chart. Tsolated

T-pulses together with some interference are shown in

fig. 2-9 on both 16 MHz channels and the 18 MHz total

left hand circular trace are probably I-pulses.

power channel, The pulses towards the end of the 22 [MHz
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shows I-pulses forming bursts of activity with one

]

burst of exceptionall

e
O
~et

7 high intensity where the pen was

held at full scale deflection for several seconds.

Most of the activity is on the R.H. channel wi!

)

i

occasional bursts of activity on the left hand channel

Towerds the end of the section shown the timing r

@
“
Qo
~g
[¢)]

produced a wide band interference pulse on 311 ch

o3}
-
o]
(6]
;._..l
G}
°

"Wide band pulses such as this are usually obvious 2t a
alance. Finally fig, 2-11 shows normal activity =%

22 and 20 MHz while there is I-pulse activity at 16 fHz.

The normal burst on the left hand 20 MHz channel wss followed
a minute later by I-pulse activity. The I-pulse 2ctivity

on 16 MHz is superimposed on normal bursts, perhaps

showing a midway point in the transition from the T-nulse
event preceding this section and the normal and sho:t oulse
event which followed.

The pen recordings of I-pulses have only been zble *c
provide information about I-pulses collectively and have
given no informetion about individual pulses, Neither
their length nor their polarization (as will be seen later,
can be determined, The pulse measﬁrement experiment
provided some of this information.

The first I-pulse storms observed during the

apparition showed that instead of pulses having a minimum

\/




Fige 201l
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length of the order of &Imillisecondsas expected (Gallet
1961, Kraus 1958, Douglas and Smith 1967, Lee 1966) most

pulses had lengths considerable shorter than this. The

apparatus was modified to reduce the minimum pulse length

measurable as much as possible, The modification did

(=N

3,

not help much as the bandwidth of:the receiver-amplifier

system was determined largely by the receiver which had a -
bandwidth of 5 kHz, .The pulses recorded using the data
recorder were more severely limited by the 4 kHz bandwidth

of the recorder at the tape speed used (74" /min.).

An I-pulse which appeared on the pen record a

[}

a
single pulse often consisted of a number of these sub-
millisecond pulses over an inferVal of the order of
milliéseconds.  Other I-pulses consisted of single
submilliseconé pulses, Both these types of I—pu}se are

shown in fig., 2~12 which was filmed from a few seconds |
of the tape recording made during the storm on 25t

April, The pulses displayéd are the squared I-pulses

used for pulse length measurement. The distortion due

to the data recorder is clearly visible, The sweeps

are separated by at least 50 msecs.and.dnapproximately

oL milliéecond scale is shown. Some of the groubs ot
submillisecond pulses shown last for 3 or more milliseconds

and these presumably are the I-pulses measured by previous

workers,




Pig. 2.12. Squared I-pulses photographed from an oscilloscope.
Time scales are shown both along and across the
film,
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Tt is possible that the submillisecond component

reported here is not a real effect but one which

.
arises

during the amplification or squaring process. Th

e

s could

be tested by using two receivers tuned to within 50 kHz or

less of each other and comparing the squared outputs,

A single record with good correlation on a submillisecond

scale would be sufficient to exclude the equipment as a

possible scurce of the structure, - With this in mind the

tapes with squared I-pulses recorded on them were scarnned

for signs of this correlation., There were no records

available where pulses from signals with the same

oolarization and with frequencies within 50 kHz of each
P

other had been used, There were however records at

frequencies which were within the 0.4 MHz of each other and

with opposites circular polasrizations. Likely sections

were photogrephed using a double beam oscilloscope but no
p grap g

correlation was found which lasted for more than one

millisccond or more than one or two successive pulses,

These odd correlations could have been static or other

interference and cannot be given much value.

Riihimas (Riihimaal968) has pointed out that the

Impulsés he observed using his high resolution swept

frequency receiver have bandwidths less than 50 kHz at times.

The results of Gordon and Warwick (Gordon and Warwick 1987

using & swept frequency polarimeter suggest: that
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opposite circulal polarizatio?s are more likely to

(&3]
ct
}..J
Q
3

anticorrelate than correlate. The lsck of ¢orre

1
Tfound between signals which had opposite polarization

T T

and were possibly well separsted iﬂ_frequency, can not
be conclusive proof either for a Jovian origin or for an’
instrumental origin.

Factors in favour of a Jovian origih are the
recent reports of similar submillisecond structure by
Slee and Gent (Slee and Gent 1967) and by Flagg and Carr
(Flagg and Carr 1968). The former found a good
correlation (0.6 to 0,7) for the submillisecond structure
of ' the Jo&ian storms observed over base1ines.of the order
of 1 km, Flagg and Carr using a receiver with a 100 kHz
bandwidth found closely spaced puises averaging about
ZOjLsec in lepgth forming pulses.of activity continuing
on the order of milliseconds.

Distributions of pulse lengths were prepared from
the photographic pulse length records. The films were
compaered in steps of one minute with the corresponding
pen record and only those minutes containing certain

I-pulse activity were analysed further. In this way

o
3

tervals containing a large amount of interference were

%

iminated, Those minute intervals conteining I-pulse

ot

.

o o

activity were enlarged using a microfilm reader and the

number of pulses with lengths in each of a series of
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ranges counted, From these cpunts the histegrams in
fig. 2-13 were produced, The totel numcer of pulscs
DT

included in the 8th April histogrem is 312 covering

26 mirutes; in the 25th April histooram i 45) pulse

w

R }

covering 27 minutes and in the 26th May histogram is
907 pulsce covering 51 minutes. These are the only

storms which have been analysed in detzil but othex
storms” have been examined and the distribution wilil.
not be significantly different from these,

The feature of the histograms which is immedistely
obvious is that the majority of the pulses are near the
minimum resolution of the apparatus. The broken line
marked Z/Fmax represents the shortest pulse which could

be measured with accuracy; the frequency I max'being the

@]
[53)
-

upper cut-off‘of the receiver amplifier systems. As

ct
ey
b
o

be seen, the majority of the pulses were shorter than
limit, The I-pulses have a component with lengthis less
than O.% milliseconds but this experiment does not resoclve
the minimum pulse lenagth,

Although both circularly polarized components were
recorded on the pen rrcorder chart and the film record of
pulse lengths little can he sadid about the polarization
cf individual pulses for 2 number of reasons. As
mentioned earlier the amplitude of pulse shown on the

pen record is not necessarily a measure of the intensity

f
i
f
i
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of the pulse. Although the neminal time constants were
the same for both polarizatiéns at the same frecquency the
response to a sharply rising pulse need not be the same.
The noise level calibrations give nooihformation om this
response, Axial ratios cannot he determined for these

reasons,

-ty

Another difficulty is identi

{

ving individual
pulses on both channels, It hes been seen that there
were no correlations on a submillisecond scale a2nd thc
recorder did not respond to this structure so polarizstion
and measurements on that scale are impocsible, There
was however correlation on a millisecond scale but in
this case any axial ratio would not represent the
polarization éllipse but would be a measure of the
average intensﬁty on left and right hand channels.
The hybrid rings used to obtain the two

RFTER THE END JOF THE O0BSERUNVG SERSONV
polarization.. components were found&to be inaccurate as
a result of the transmission line used not having the
specified velocity factor and impedance. The phase
difference introduced by each nominally quarter wave
length of the line differed form a quarter cycle by
about 108 but was the same for each length.  Thus +he

contributions from each set of linear elements of the

antenna which are combined at each of the outputs of




A

the ring will not differ in phase by a cuarter cyclie b

,,c
l"“"

i1l differ by some fraction of a cycle say x. At one
terminal the contribution from the horizontal element
will be x cycles ahead of thc contributicn from the
vertical element winile ct the nther terminal the

vertical element’s contribution will lezu that from the

I
+

u

horizontal element by the same fraction x, . It can ke

seen from this that the components from the hybrid ring

\
)

will be ellipticel with same major and minor axes and
the same orientation relstive to the elemenis of the
antenna but will be left and right bhand elliptical
polarizations, Although the components will not
readily yield axial ratios it is possible to obtzsin a
qualitetive esﬁimate of whether the activity was
predominantly right hand or left hand polarized.

Fig 2-10 shows predominantly right hand I-pulse
activity with considerable varistions in the left hand

component, The left hand elliptical component is
always less intense than the richt hand component.

Fig. 2-11 shows activity which was largely left
hand polarized on 22 and 20 MHz, Unfortunately the
16 MHz right hand channel was not in operation during
this storm, At the end of the record an intense

right hand burst occurred at 22 MHz indicating a change

in polarization sense over the pericd of about a minute.

ut
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Fig, 2-14 shows short byrsts of I-pulse activity

where occasional left hand bursts appear amongst the
dominant right hand bursts.

Changes in the sense of polarization such as

shown in the figures mentioned above occurred during

geveral storms. On most occasions one sense of

polerization was recelved throughout the storm with . i
irregular bursts of opposite sense interspersed,
There did not appear to be any difference between the

pulse lengths observed on opposite polarizations.
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3. SOURCES OF I-PULSE STRUCTURE IN JOVIAN RADTATION.

In this chapter the possilile sources o

=]
f‘)
-l
(@]
o
I -t
w
4]

structuré will be discussed. The first section presents
a review of the theories suggested by previous workers,
These theories are dlSCUSSGd in the second section in the
light of the results presented in chapter 2 and in the
final section Suggesulonsbfor future work on I-pulses

are made.

3~1., Review of possible origins of I-pulse structure.

Any satisfaétory theéry for I-pulse radistion must
explain the associéti@n of I-pulse activity with B and C
sources rather than A source and the greater sensitivity
of I-pulse activity than normal activity fo Io position,
(Olsson and Sm%th 1966; Baart, Barrow & Lee 1966,

It must be able to account for pulses with the shortest
duration measured. If J~-pulses are due to a- ra ttern

drifting across the earth, the drift rate required

be greater than 10% km/secy (Slee & Higgins 1965,

& Gent 1967).  The pulses apﬁear to drift in frequency

at above 3% MHz/sec (Riihimaa 1968a, Gordon & Warwick 1967)
and are probably not correlated (although possibly anti-
correlated) in the two oppositely circularly polarized

components at the same frequency (Gordon & Warwick 1967;

Barrow 1968). In addition the theory must not requir

that the sources have any properties which would make
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emission of normal and long bursts impossible,
Each of the suggested origins of I-pulses will be

discussed in turn,

ed that thu millisecond structure
of the bursts could be due to a co ére 1t source glon

(Dulk, Rayhrer & Lawrence 1967). Cons<i a source. region

which can be divided into a number of elementary sources

radlating continuously. At’sOme instant of.ﬁimé there
will be a definite set of phase relations between these

sources which will define; for this instant, a beam |

péttern for the source consisting of @ number of narrow

lobes, The narrowest lobe will have an angular width

6% .

where D is the diameter of the source region in'waveléngths

(Gordon & Warwick 1967), The time taken for the rotstion

s

of Jupiter to sweep this lobe across earth is

1 % 3,2

where/o is the rotation rate of Jupiter.. Substituting

from equation 3.1 into 3.2 this time becomes
/ I -
A = P> 3.
This beam pattern will apply for any source at a single
instant of time.

At a later time the phase relation between the
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2lementary sources will have changed dtthe‘beams will be
directed in different directions in space. Apart from
this Jupiter will have rotated and the beams will have ‘been
swept over the Earth. Thefe are thus two variations with
time teking place, either of which could cause the I-pulse
structure. The signal received on Earth will depend on a
coherence of "the signal and the gizé of the scurce 1

The coherence of the source'depends on
time of the receiver which is effectively the time constant
T of‘the receiver, and the}"coherence time" of the source,

The coherence time will be taken as some measurs of the

°

average time which the phase relation between the elementary
emitters stays constant and will be represented by V. .
The source itself can radiate continuously for a period of

minutes or hours or could be sporadic. Intermitfent-ridisztioen

“with a time scale of the order of milliseconds or less

could account for the I-pulse structure irrespective of
thexcoherence of the sourcé. If the source is continuous
millisecond pulses could only be present when the source
is coherent or partially coherent,

if the averaging time T is very much grester than
the coherence time'v; the beam pattern will change maﬁy

times during a single unit of averaging time and the

resulting beam pattern will be the average over all these

patterns which will be the pattern of each of the elementary




sguxces: This-is the incchrrent radiztion case
As T increascs relative t

and fine structure will become apparent. For Ty T the
beam pattern will persist for very much longer than one

Koy

unit of averaging time and the rzdiastlon will be coherent,

1 A\

The pulse lenaths observed will devnend on
p - I

the relstive
magnitudes of T and t, lobke transit time at Earth,

IfTJ) t several lobes of the pattern will be able to

sweep past the observer before the phsse relation, end

;
hence thé pattern changes. The shortest pulses
observed will he determined by t , and so by D, the
source width. On the other hand if f>>'v the pattern
will change before a single lobe sweeps past the observer
and the shortest pulses will be determined by the value

,

of TU.

The cases discussed above are the limitin

(¢}
Q
w
o
n

but there is no reason for exéluding intermediate cases,
As Dulk, Rayhrer and Lawrence suggest, it would be
necessary to measure the correlation between signals
received over a baseline of 300 km or lerger in oxder

€S .

Fe

to distinguish between different possibilit
(b) Another suggested source for the I-pulses is

scintillations in interplanetary space (Lee 1966).

It has already been shown thet the N pulses originate

-
}

in the interplanetary plasma (Douglas and Smith 1967)
E p ®!




and are modulated by ionospheric scintillations (Smith
et al 1960). Possibly continuous radiation from the
Jovian source is diffracted first by irregularitics in

interplanetary space giving it a bursty cnaracter and

then suffers a second diffrsction in the ionosphere
¢gining the well-~known groups of burstis,
The scintillations observed on earth are due +0

the diffraction pattern produced by the pnase ciancing
irregulsrities in interplanetary space drifting past the
observer, This drift is due to motion of the
irregularities perpendicular to the Earth-Jupiter line.
Space- probes to Venus have shewn that the r=dial specd

of the solar wind betwecen Eerth and Venus is 400-700
km/sec and there is no reason to suppose that this

speed will chénge significantly beyond Earth, (Meugebauer

Snyder 1962), In any event it is extremely unlikely

to increase beyond Earx rth. One of the most convincing
arguments in favour of an interplanetary origin from N

pulses was the reversal in direction of this drift across
earth at Jupiter’s opposition as would be expected from
tihe change in direction at opposition of the component

of the solar wind at right angles to the Jupiter-Earth
line, The derived drift rates for N pulses agree well

with the measured solar Wlﬂd speed, (Douglas & Smith,

1967)7




drift rate of the pattern

If the I-pulse structure is to he eéexplained in

terms of scintillations in interplanetozv space the

1

133]

cross Carth should show

similar behaviour Tho structure on a millisecond

4

scale hes heen found to be simultaneous over long

baselines and the minimum rate of drift deteoermined

. s - 4 e s
from this is of the order of 10" km/sec {Slee & Higoins
1065, Slee & Gent 1967, Douglas & Smith 1967).  This

is very nmuch greater than the solar wind speed.

From fig. 3-1 it can be seen that the drift
speed V of the pattefn in the plane containing the
observer will be

oty

V::V 2 . 304‘»

where v is the componen% of the solar wind perpendicular
to the Earth-Jupiter line; Dl + D2 is the Earth-Jupitex
distance and Dy is the distance from the diffracting
screen to Jupiter, Using a value of 500 km/sec for

the solar wind component v (which is rather larger than
would be expected) and substituting for V and D,+D, the
above equa{;ién gives |

D, = 3.5x 10

km.,
and the diffracting screen would thus be near Jupiter.
This value of Dy van be regarded as o maximum,  Thisis

ahout 400 Jupiter radii from the planet; Earth’s

magnetosphere extends to less than 20 Earth radil on

22 B
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Mg 3,1 Diffrecticn Geometry for Staticnary Source




+the daytime side of Tthe »nlanet and it is thus UnT‘kely

11
that Jupiter’s magnetosphere could extend this far,
A detailed treatment of the diffresction theory
for propagation of radio waves through & medium
containing phase changing irregularities would be out
'fopic such as

of place here, Reviews on this

5]

Ratcliffe (1956) provide most of the n

information,

cessary

Most treatments are for the case of an infinitely
distant source and an observer at a variable distance
from the screen which does not apply here where the

P
screen is closer to the source than the observer,
1

[0}

The
treatment by Pisareva (Pisareva 1957) deals with a
spherical wave incident on a plane diffracting screen.
The nature of the diffraction pattern produced
by a phase changing screen depends on three parameters,
(Cohen, Gundermann, Hardebeck, Sharp 1967). These are

the root square phase deviaticn introduced by the screen,

D/_

4 ' the dimensions of the source and the ratio 5o where
X .
D1D2
D = Dl'rD2
‘and 50 is the value of D for which the meen irregularity

.

size covers a single Fresnel zone as seen from either the
source or the observer, The I-pulses have intensity

variations greater then the average intensity. In

et

P ———
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Hewislh, Dennison and Pilkington (Hewi

for 3.7 meter waves at a

al 1966) have shown that,

distance of 0.5 A.U from the sun the scale of the
irreguleritics, £ ,is about 100 kms in contrast +to en
earlier estimaste of rether less than 5000km (Hewish
Scott, Wills 1964), This estimale has been confirmed
(1967) a2t about 0,75 meters. | The scale
of the irreqularities at Jupiter will be taken as having
a minimum value of 100 kms., The previcus workers have
shown that be&ond 0.5 AU from the sun the phase
deviations are much less than one radian i.e.

<<

(see also Little & Hewish 1966)¢ This is commonly called
the weak scettering case.
For the case of wesk scattering Pisareva has shown

that the mean square intensity variati

H : ‘
F=24{1- wla%raf} 3.5

and the scale of the diffraction pattern in

containing the observer is

R 3.6




%‘D&

glﬂ

3,7

2

Comparison of
4

velocity and scale of the dif

up by the same factor

irregularitics
move with such a speed

a2 millisecond.

From 3.5 3t can bhe seen that the intensity veristion Is |
o | |
a maximum wihen ;
3
D >r 0,
that is when both source and observer are well into
thie Fraunhofer reglon, r a 100 km irregularity scale
|
at 10 meters wavelength the limit of the Fresnal region
. |
- |
a'. i
4 6, |
A = 107 km,
l
Both source and observer are thus 11 into the Fraunhofer 1
zone and large intensity veriations are possible,
Substituting for x in 3.6 gives

and SQV shows that bot
fracting
t0 nbtain the velocity

the plane

netary scintillations an unlikely

L
Lot

1

4]

screen are

and
containing th
obtain a

necessary

solar wind velocity of 300

kr/sec this would requirve an irregularity scale of 500
This is for smaller *than previous estimetes

source




ol J-pulses,
Ti11 row 1t has bheen tacit!
source was s/ lion~iy.

1.

out that tiis need not neces-arily he the case, TFiure

- 1 Py de oy - o O R P . P
3-2 shows thal 7T0or a source moving with & speed, u, at

richt anales to the Earth-Jupiter line and a staticnavy

diffracting screen, the speed of the priférn in the plane
containing the cbserver is
DZ
A 3.8

1ich when combined with the fixed source, drifting screen

D,+ D D -
V=1 2 - U __ 369

. . 4 -
A wvelocity component of 10 km/sec perpendicular
to the Earth-Jupiter line would be necessary for the source
to produce a pattern drifting over the Earth et this speed

)

e

if the diffracting screen is not near Jupiter., Riihima

A3

(@3

shows that a group of electrons travelling along a ficl
line in the magnetosphere, as required by the Ellis and
McCulloch model of decametric emission, could easily have a

tuce,

L.Jn

velocity component of this magn

<

p.
U)

The scale of the pattern presents no dlffl ult

in this cese. The drift rate of the pattern in the plane
1 be determined largely by the valu

u since u Y¥Pvand so will be given by the equation 3.8.

The scale of pattern in the plane of the observer will




SOURCE

PLANE OF .
0B SERVER - =

Pig 3,2 Diffraction Geometry for Stationary Screen
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still be given by equetion 3.6.

D, + D
< 1 2
? =f —5—=

. Teking a-value of 500 km for the scale of the
pattexn at.earth‘a millisecond pulse would require a
drift rate for the pattern of 5 x 10° km/sec. This
requires the diffrac{ing-screen be nearer Jupiter than
Earth by a factor of 10,

(¢} Only two swept frequency receivers have been
operated with a sweep repitition rate sufficient to
ohsexrve millisecqnd time structure, Both show pulses

vély in frequency at rates of above
3% MHz/sec (Riihimaa 1968a, Gordon & Warwick 1967).

The I-pulses could be the effect of observing continuous

narrowbanded radiastion which drifted through a fixed
receiver bandwidth,
At a fixed frequency the duration, t, of the pulse
drifting at a rate, D, would be given by
i / a7
't e Ij"'" RE’R + BI) s)owg

where BR ie the recelver bandwidth and BT is t

jop
o
=t
i
e
1
i..._.é
[$5
4

bandwidth, The pulsevléngth measured at a fixed
frequency would then very with the bandwidth of the
receiver provided that the pulse was not limited by
bandwidth considerations. | ‘

(d) Warwick and Gordon (1967) report that storms which

contained structure in time on a scale of 20 milliseconds

or less also showed fine structure in frequency and :




polari zaflon ‘Using & swept frequency polarimeter
with a sweep repetition rate of 25/sec. they found
that activity on left and right hand circularly polarized
channels tended to show distinct lanes of asbout 1 MHz
width with no noise, In addition it was seen that
activity on the left hand chennel tended to anti»correlate
with right hand activity. Figure 3,3 is an illustration
from Gordon’s thesis (Gordon 1966) showing the lanes in '
both circular components and the anti-correlation between
pblérizatiohs; Riihimas (1968a) reports similar lanes
of low noise with frequency which he attributes to
scintillaiion effects in interplanetary spsce of the
type discussed in section (b) above,

They ekplain these effects as a Faraday rotation
phenomenocm at bupiter; It is assumed that under certain

circumstances two modes generated at the source can

-
]

escape and that these modes propagate through a nearly
uniform magneto-ionic medium as two elliptically polarized
waves with mutually perpendicular major axeéa The
refractive indices for these two modes will differ, so
that the modes will emerge from the medium having
Unaeraone different phase shifts. The resultant of the
two modes will be an elliptically polarizeﬁ wave where the

major amd minor axes and the orientation of the polarization

ellipse will be determined by the shift in phase between the
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two modes., '  This phase shift will be dependent on the
frequency of the radiatien,

“The charscteristic modes for propagation through
the ionosphere are nearly circularly polarized with the
result that even though the two components might suffer
different phase shifts, no terrestrial Fsraday effect

will be observed on the circularly polarized chennels.,

13)

Any  one circular component received at the antenna,
say for example the right hand circular component, will
be the vector sum of the right hand circularly polarized
components Of each of theveiliptical modes, Depending
on the phase difference between the elliptical modes
these components would be in phase or in anﬁiphaée wit

a corresponding maximum or minimum intensity. The .
dependence of phase difference on frequency would cause
the observed lanes in the spectrograms. The assumption
that the elliptical modes are mutually perpendicular
ensures that the left and right hand intensity maxima

te.

Warwick and CGordon suggest that the fine structure

in time originates from beaming by a coherent source of

o

large dimensions as discussed under (a) above, The
simultaneous appearance of this fime structure in both
frequency and time they attribute to a uniform structure

of the magneto-ionic medium, in their ‘case Jupiter’s




iorosphere, ov~r the whole source area. The phase psth

1

through the ionosphere 1s assumed fto “iffer css than

o over the whnle source axrnn thus
coherence over tie scurce and so making narrow heaming

possible and also ensuring that th

D
[®]
5
[a¥]
[43]
(0]
Q.
'..J .
h
h
D
L)
@D
3
)
(1

botween the two ellinticsl modes 1s constant over the

source thereby making the Jupiter Faraday effect possible,
For a 1 msec pulse the source size would be 5 x ]O4Ikm
which répregents a large area over which the ionosgher
must be uniform.

This origin for the Jovian I-pulses rests on the
source being large and spatia ily coherent. If the source

were however small the propertics of the magnetc-ionic

medium requir ed to mske the Farsday effect possible would be

more easily setisfied. It is possible that the Faraday
effect itself is the origin of the I-pulses. If the phase

difference between the ellipticel modes changed on a
> [ millisecond time scale, the radiation received at Earth
would alternste rapidly between left and right hand
solarized. A linear antenna would give a peak in
intensity when the major axis of the polarization ellipse
lay along its length,
In this case the source could bhe small and in fact
would have to he small enough to enzble the phase path

i length for the two elliptical modes to change over the

area of the source on a scsle of milliseccnds or less

STPS—— pp—




»
without differences of more than 1{J arising over *he
source area. This rapid change in phase difference
could be due to a change in the density of the magneto-

ionic medium, a chence in the ray path through the medium

] b
- or a change in the thickness of the medium. A scuzce
consisting of a shock front or s Bunch of charged
particles moving through the medium‘could possibly cause
thne thickness of medium through which the rays pass.to
change in the desired fashion.
The short record shown in figo 3.8 has changes in
polarization at a fixed frequency at intexvals of the
order of hundreds of milliscconds., Figures 2.11 and 2,14
show changes in polarization on a scale of minutes. Eitherg

of these could be the change

7]
e

1

n polarization sense at a
ved freqguency due to the Jupiter Faraday effect.

i
Changes of polarizastion sense on a millisecond ox

submillisecond scale as sugnested above have been reported.

Dovwden (Dowden 1262) and Rarrow and Morrow {Barrow & Morrow
1968) sugnest that events where bursts have a low axial

ratio could be due to the simultanecous observations of

5

ses with o

Jnt

pu posite circular polarizations. Neither of

T

these polarizstion studies could resclve activity on a

second scale.,  However Torgerson (Torgerson 196%)

.
iy
f-ie

mill
hzve used a polarimeter with a resclution of 0.2 msecs.,

and has found that some pulses are made up of independent

left and right hand circulerly polarized pulses in succession.

L~




The most important of the resulis obtained in
Chapter 2 is the existence of a submillisecond component.
This component places restrictions on the possible origins

of I-pulse activity in Jovian radiation which have heen

discussed in the previous section.
(a) Coherent source reaion.

If the submillisecond structure is due to the

beam pattern of 2 large

(9]
s

nerent source being swept across

H

1,

the Earth by the rotation of Jupiter then equation 3.3

cann be used to determine the source size. From 2-12 it

can be seen that the separation of pulses was at times
the same order of magnitude as the pul e lengths and

1

thus minimum pulse separations of 0,5 msecs. would
’

be a
reasonable assumption, If this value is substituted
. - . . @]
into 3.3 along with the rotation rate of Jup (O~Ol /sec),

the source diameter for 10 m waves is found to be

approximately lO km which is larger than Jupiter’s
radius .- of 7 x 10% km.  Warwick’s theory requires
that the decametric radistion be generated in the
ionosphere of the planet. Thus an I~pulse origin due
to the beam pattern of a lerge coherent source is

impossible. McCulloch and E11is’ theory sugrests a

source area very much smallcer +han the area of the




Y T

o

planetary disc, If To’s shock wave in the magnetosphere

a

h

is responsible for the decametric radiation as suggested
by Gledhill, the source size would probably not be mor
than a factor of ten greater than 10 s diemeter lec%
2gain is less than 105 km;

2bove 1t seems Unlikely that the source
could be‘large enough to produce loges which would sweep
across the earth in less {han a millisecond, |

his does not rule out a s e which has a

O
&
@]

1T

coherence time of the order of fractions of milliseconds

‘or a source which 1s stimulated on this time scale.

These two cases can not be distinguished by pulse length
meesurements or by long baseline correlation me"nodso
In the latter case the maximum source size for 095 milli-
second pulses would be

< x 005 x 107°
150 km,

oy
© -

and in a dense magneto-lonic medium this estimate could
considerably too large.  This is considerably smaller

0

than To’s diameter tne?ehv eliminating this method of
production of I-pulses if the generation mechanism
requires e source spread over Io’s shock front as it

passes through the magnetosphereo

-

(b) Measurements of pulse lengths provide no additional

N7




informetion in the czase of T-pulses teirg due to
interplanetary scintillations., As shown in the
previcus section it is necessary +o assume that the

- : 1

4
rce is moving with a velccity of 107 km/sec ot

josd

50

H
el

ight anglesto the Earth-Jupiter line and that the
diffracting screen is ne~rer Jupiter then Eacth, A

spaced site experiment capable of resolving velocities
of greater then 1 10° km/scc would be necessary in ordex

"

to check whether the I-pulses were 2 scintillation

(c) It was found that the apparatus used ceuld not

passing through the receiver pass band with a drift rate

of 36 iiz/sec as sugrested by Riihimaz (19682") and Gordon

-

nd Warwick {(1967), then the maximum bandwidth for the

radiation which could produce a2 Q.5 msec pulse can be
determined from 3.0, For 2 5 &HZ pass band the maximum
bandwidth is 13 kHz. This is in agrerment with Biihimaa
(1966} who mezsured pulse lengths down to the limit of
resolution of his instrument which was 50 kHz.  Thus on

the results of this woerlmenp it is possible that the
-pulses  could be due to frequency drifting radiation.

The pul se lengths measured with a narrow bandwidth




b

; et Y - s 1 3o e iy
recoiver will have a minimum value determired by this
ool A 1 n N T S NN A S R L. 2 CRNE
bondwidth, As the bardwidth is incressed thids mirnimum

value will decrease until ot some peint the time token

for the pulse to drift through the pass band of the
receiver is of the sgme order of magnitude as this
minimum pulse lenath. As the bendwidth is incressed

beyend this velue the pulse lengths measured will start

to increese and the minirum length will he

the bandwidth of the pulse and not that of the recelver,
Pulses which were found to have lengths greater

than the limit of resoluticn of the apparstus thus would

'

have had bandwidths greater than 13 kHz or would have had

a drift rete less than 3¢ MHz/sec., If the results of
Flago and Carr (1968) wio report measuring pulse lengtns

down to 0,02 msecs. with a receiver having a bandwidih of

100 kHz are correct, then the radiation must have band-
widths down to 600 Hz, In this case I-pulses must have

bandwicdtns from 600 Hz to 50 kHz,
t

(d4) TIf the Faraday effec

i

the I~ ulses id chang esﬁn polarizetion sense on & sub
7
millisecond scale should be observable. For the reasons

given in the last part of cngpter 2, the daia obtezined

ot suitable for

™

.during the course of this experiment ar

determining whether such changes occur, The minimum pulse

longth of 0.5 msecs obtained requires that the phase
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difference between the two characteristic modes change by 236
' in lcss then one millisccocund. It is difficult to imagine
o o how such changes would be possible wiih the medium remaining
% ‘ uniform to within 1%, as renuired for the Faraday rotation
1 to be cbservzble, unless the source region is moving

/

1

rapidly throuci the mediuvm

‘\\’A ll

ch is unifoxrm. The source

¥ would have to be moving towards Earth to ensure uni Lformity.
B
' 2-3. Suacesticns for future work.

This study has shown thal T-pulses cannot bhe dus *c¢
the "lobes of tneb eam pattern of s large ccherent source
heing swept scross Earth or to scintillstion effects unless

source region moves witi a high component of velocity
right angles to the Earth-Jupiter line. Frecuency
ing radia®ion has been seen to be unlikely unless
eneration mechanism is cdpable of producing rsdiztion
a wide ran of bandwidths down to 600 Hz. The
ssible origins have been discussed separately but there
reason for excluding combinations of the mechanisms,
Piihimaa (1968b) sug grests frequency drifting .radistion
scintillation effects superimposed as a possible
igin,
Among the possibilities not excluded are stimulation
he scurce on a millisecond scele either in the forn cf
nsity modulstion at the source or as the result of

OO




coherence time of *this erder, » Tn bobi. +hece

“d

('“
(e}
)
o
o
[9)]
(e
(o]

civcularly polorized components 2t 2 given frocueacy would

- - S S T I, - 3 .- o~ o e N I .
always ccoyrelaele in time zlthounh the intensity would not

. - P-4 . o - PR FAY 402 e e £ - o~ ~ PN &
necesaarily he the same. Activity at frequencies separated
. vy I L PR B T s : an Toaa 2 - -
by more than Z0 kHz would show no correlction. Erecuency

frequencies with a delay betvieen the seme pulse 21 each
frequency, The drift rate could be determined fror
this delavy. If the I-pulses are due *to a Faraday effect

v

IR closely spaced frequencies,

With these distinctions between different corigins

for the I-pulses in mind it is suggested that the following

iy

would provide suitable test o

B

made simultancously over & range of frequencics
about 100 kHz in order to ensure that the sawme
not observed over the whole frequency range.
swept frequency receiver or a number of receivers

frequency by 10 to 20 kMz could be used, In




+iiis case there wonld be somoe doubt suout

crpln oy e - - . 3 N, 3 o~
ol what was recorded., Tor this reason a
spectograph would he hetter, Boti: circule

heen Tun on seveial occasions during the

1

outputs w»eccrded on tapec. No spitting

however recorded,
7

Ly~

han 10°km/sec would provide useful info:

ion ef

(e

the pulses be due to scintilla

ssorved at freqguencies separated by 100 kHz
1 i

O

site observetions capzble of resolving velo
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Tn this chapter the results of calculatlions
performed on the longer term variations in the probability
of Jovian decametric activity will be presented, The
first section deals with variaticns ovér 2 period o
several years while the second section discusses the
veriation of probability during a single apparition.

Y

t is found that the occurrence probabilit:

smoothly from year to year. In 1958-1959 it was 2

J

minimum while in 1964 it reached a maximum which sugnests
a cyclic variation with a period of about 11 or 12 years

and it has been suggested that the solar activity cycle

o
H
o
o
[0
H

otetion of Jupiter round the sun could be the
cause of this variation, This is the first effect

/
he second is the observed
decrease in probability after opposition, This could
be due to the influence of the maximum usable frequency
of the Earth’s ilonosphere on Jupiter reception or to
radiation from Jupiter’s magnetospheric tail, if it has
one, being epscured after opposition.

The data obtained by the Rhodes University
observatory would be unsuitable for the types of
analyses reported here owing to its discontinuous nature.
To be able to compare probebilities for different years

it is necessary that the equipment used be essentially

&i‘: )
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unchanged as changes in scnsitivity could have a marked
effect on probability of occurrence. Observations of
Jupiter have been in progress here since 1962 but durin ng

the site of-the observatory has twice heen

(o8

this perio
changed and different reccivers have been used. The
most sultable data for this sort of analysié is that of
the High Altitude Observatory in Colorado. The
spcectographic records obteined there have heen analysed
and the resulting data published., (Warwick & Kriess
1964, Warwick & Dulk 1965, 1966),  The published deta
for each date includes the following |

(2) the period during which Jupiter was observed,
) the period during which Jupiter was active,
) the intensity of the storm on a scale of one

to three?

(d) the burstiness on a scale of one to three

(e) the meximum and minimum frequencies at W“lch
activity was observed,
(f) the system IIT longitude range for activity
periods,
In addition to the published dats Rhodes University
required microfilm records of the spectogrems for the

boﬁtfﬂl pa%t of each apparition and these are currently

o

eing analysed in greater detsil than the published

ata

ettt




The change in probouility of occurrence on a

scale of vears has becn assoclated with the sunspot cycle

by many observers (see for example Carr et al 1961).

In 1966 however Gulkis and Carr (19€6) showed thal the
variation of the declination of earth as seen from
Jupiter offered a Dpetter correlation with the observed
probability variation.,  The minimum probability
coincided well with the time when earth was at its
furthest south relative to Jupiter’s equatorisl plane.

]

adiation wes confined to 2 b

.
2

=
G

D

They su-gested Llhast the

ter. The probability of

Lt

or sheet fixed relative to Jup
occurrence in‘this case represents thaot fraction of time
in whiéh Earth wWas within this beam, " Using this mode
they could explain the observed changes in source width
in terms of the amount.of time Earth spent within the

ion rate coild be

-
59)
t

beam and the apparent change in roi

interpretad as a cyclic motion of the sources relatilve

QO o,

(-.}«

o system of longitude defined as having a pexioG of

9 hrs. 55 min. 29.67 seconds and coinciding with System

A

ITT (1957.0) at 0000 hrs. on lst January, 1965,  This
longitude system they called System III (1965.C). To

test the model they used the fixed frequency observation

h

the University of Florida. This section is an

data ©




attempt to extend their analysis to a wider frequency
range,

Both Warwick'’s and Ellis’s theories of the crigin

of decametric burc<ts predict that the radiation will he
beamed along the field line direction at the source.
Although subsequent refraction and reflection of +the

radiation in the magnetosphere and the ionosphere will
alter the direction of beaming, the direction in which
the beam emerges from the magnetosphere will be determined,

at least in part, by the direction of the field lines at the

source, In addition both thecries reqguire that the
§ radiation be generated neaer the gyrofrequency at the
Source, Higher frequencies will thus be generated

closer to the planet and will thus be beamed along a
different direction. The beam or sheet of radiation
at a particulsr frequency will be fixed relative to the
magnetic dipole axis, Whether Earth is in one 6f the
beams will thus be determined by the position of Earth
relative to magnetic field, This is conveniently
expressed in terms of the magnetic declination of Eerth
whichis defined as %he angle between the Jupiter - Earth
line and the megnetic equatorial plane of Jupiter, with
positive angles measured northWards;

If the magnetic dipole axis is assumed to be

inclined at 10° to the rotaticnal axis as suggested by

%

LES
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decimetric observations (Morris & Berace 19C2) then the

i e i, e, oo

. . . : 0 !
magnetic declinztion chances by 207 for esch robztion of :

- ‘
Juplter, For any particular frequency radiation will be 3

received when the 'beeming dircction coincides with £

Uil

9

-magnetic declination of Earth. This implies as Gulkis
Carr point out, thau the longitude at which radiztion
at a particular frequency is received will change. as the

range of magnetic declination swept out is moved by the

chanoe in ordinary declination of Earth, To a magnetic

. . . , O

dipole axis lying in the plane con“”~ﬂ1nh the 2007 systen
IIT meridian this will mean that radiation is received for
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where Dp is the declination o

magnetic latitude of the beam. One consequence of this
is that the central meridian longitude for the centre of

each source will change with frequency and with the

declination of Earth,

is more difficult to make predictions based on

ested that the radi n could be confined to
and below the disc. This suggests that
of radiation will be related *to the declinastion
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These plots were obtained by the following method.

L2

The number of minutes durins which Juniter was active

© by 2iliz area of the magnefic

was found foe each 1
declination - frequency plane, and’givided by the
number of minutes that Jupiter was observed at that
declination. This gave the probability for each area.
This probability was-associated with the point at the

centre of the area. The contours plotted in the Tigures

were obtained by interpolation between these points.
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used to ebtain these plots was the published data of '

-

VinTwiclk, Lach storwm is reprecented by a roctangulax
arca in the magnetic declinztion-frequency plane bound by
the meximum and minimum froguencies and by the megnetic

declinations st the start and end of the storm. This is

far from heing the true distribution of activity with

o]

frequency and magnetic declination and so care must be
teken in interpreting the plots. Only activity which
occurred when the central meridisn longitude fell between

o) - C . e e . - .
2007 and 207 has been included in this analysis. There

are fewer storms from the other hemisphere resulting in

poorer statistics, The diagrems for that region have
not been included. They tended to have more isolated
pcaks, ’

Only those parts of the curve have been included
which fell between the maximum and minimum declinations
reached on at least two thirds of the observed rotations.
Beyond these limits the results are statistically
unreliable,

One feature about which there can be no doubt is

he considerable variation of probability at a fixed point

i

in the frequency-magnetic declination plane from apparition

g

0 apparition, Comparison of figures 4,3 and 4.4 shows

that the probability at most points in the plane dronned by




e

»
~ N I e o - . L = ~
a factor of at least a half over a period of one vear.
™S - 2 A ! L ~ L 2~ o~ X - ~
This implizcs that the prob2uility is not deterinined solely

hy the declination. of the Earth.
Tt has been assumed tacitly till now that over the
course of a single apparition the observving profile over

the To positinn - central meridian plane will be reasonably

uniform. The following check shows that this is not a
major cause of the probabi}ity variation, All the
activity during the 1963-64 and 1964~€5 zpnaritions wvias
divided into T lated andnon To-related events according
to the limits given in Appendix "A")  To related evenis

snowed a decrease of about .8% in total duretion from 12063-.54
to 1964-65 while non Io-related events showed a 70 decrezsc.,

n 1963-64 about 1/% of all activity was Jo-relzted wheress

during the following apparition half the activity was
To-related, It is obvious from this that it is the events

net related to JTo which determine the change in probability.

The comparison presented here is between the two extreme cas

'D
u

but the conclusions are valid for all years. The duration
of To-related activity changed little from apparition to
apparition but large changes in non Io-related activity
were common,

£

As the observing period was at times larqgex thar

the rotation period of Jupiter the probability variations




i vy S IRl | K o~ L~ ~ o
ObSCIVing proriic, There must be some other factor
NS~ 4 S e A “~ i, 24 Ea ~ o PR A N

which deternines Lthe probability of occurrence and which

T IS . r - -~ £ } e - 3 44 2y
The disgrams for each of the opneritions chow an

- - incressing probksoility with increasing declination at

9
-l
- any particulsr frequency as expected, At most
|
] £ ~ § . 3 2 k] * H 2 :
b | Irenquencles and particulsrly the higher frequencies the
g; orotavlility concinues to increase till tne maximum
i
E reliable declination is reached, The only evidence of
“ 2 pealt commen to all distributions is tne peak at 18 MHz
R R « S I
and 77 or 8  declination. There is another pezk at

18 ¥Hz on most diagrams which however appears to drift in

magnetic declination of Earth relative to the rotaticnzi
sy - o . Fos 2 r LA 20 O s £
2 uator. The raenge of drift is from =0~ to -2° in fou
) Years. All ¢raphs show & gradual decreasc in probsbllity
with increasing frequency as would be expected
Most storms dzift in'frequency with time and sc an

-1

S the kind done here where ezch storm is represented

o]
Fry

I..l-

analysi

by a rectangle can show little of the fine structure,

Tor tirls reason the analysis was repeated with the original
’ spectographic data reenalysed in the following wav,
i
| 1 Instead of assigning 2 maximum and minimum frequency and 3
‘ 4

time to each storm, the spectra wers

starting and ending




* M

analysed in 1tz freruency steps. A starx t;u; 2nd ending
time was assigned to each.l kMHz interval,with periads of
activity separated by quiet periods of hsif an hour or

longer being assigned separate starting and ending times

<

even though activity might be continuous at other
frequencies, This re-analysis is unfortunately not
omplete at the time of writing but data for the 1941~

4.

Figure 4.5 shows a magnetic declination-frecuency-

the longitude range

i-J

probability plot for these data for

200° through 350° to 20°, Figure 4.7 shows the same plot
but with the System III (1965.0) longitude system of
Gulkis and Carr used in place of the (1957.0) system.

The contours are similar to those for the other figures but
show a few important differences. It is likely that the
decrease in probabhility at +90 declination is not real but

a result of the poor statistics

3

Both distri i show at peak in the 17 MHZz
The System III

qgwards

e majority of
a beam with j1d of about 3 degrees

measured +o half of the maximum height above the aversg

©
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probebility at 17 MHz,
It is possible that the peak shows

to higher freacuencies with incren
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4.8 shows the probability distributions with frequency for
higher declinations for which only a few

observations were made. These show that the peak ha

shifted to 23 MHz, At frequencies ebove this the probability

WITH MAYNETIC DECLINATION
S 1ncreaese, mentioned earlier,

1N L.
snows the S

LL)
=3
D
o
o
3
cr
-

)
o
S
c
o

The date used to obtain figures 4.6 and 4,7 did not

i

cover a sutiiciently long period of time for it to be

certain thet the beaming is a real effect. Should the

peaks chance position by less than the change in ordinary

declination over several years then the beaming would be a

=
(]
@
}_«.l

effect, Analysis of the da

(_-lﬂ

a for years during which

Earth was at a‘high declination should show whether the peak

at l7ﬂ%was real, If the beaming should prove to be real it
would be an important consideration in future theories for

the origin of the radiation.
A

Q.
l”—"
53]
ck
=
}.J
o}
]
chk
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lthough

@D

not been shown for th
Gledhill model of the magnetosphere the distributions would

not he very different from the above, The declinations

measured from the plane of the disk only change by 74 er
rcvolution of the planet, Thus for a period during which

the declination relative to the rotational axis changed

l»-..!

i

(‘!

milar

(_{.

)

ttle, the distribution would be si 0 those given

but with the range of declinat

ion compressed,
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It 1s known that the probability of a Jovian

decametric storm heing received at carth is ver Ty dependent on

the longitude of the centrel meridian at Jupiter *and on the
position of Io in its orbit.  On +*he basis of these relestions

it is possible to iéke foirly reliable prLdlcflo ns of the
times when Jupiter activity is most likely, Figure A.1
shows a plot of probability of emission against system ITI
longitude of the centrzl meridian and departure of Io from
superior geocentric conjunction. (from Dulk 1965). It can
be seen thet two rectangular blocks enclose rnearly all points
in the central meridian lcngitude - Io phase from superior
geocentric conjunction plane where the p“obability is greoter
than 0.2, The bprediction charts used consisted of tables

showing all times when Jupiter and Io had coordinates in

"~ these rectangles.

Till June 1968 Florida State University provided the
prediction charts used, After this date a programme for
Rhodes University’s I.C.T. 1301 computer was written by the

author end Mr. N.J., Attridoe to produce similar prediction
e &

.

cherts. A specimen print out is shown in table A,1 and a
key to this chart is given in table A,2. The chart also shows

)

. . N ., ~ o)
the transit time of Jupiter 2t a longitude of 30" east of

Greenwich, Transit time at Grahamstown is 14 minutes later

e S L R DO
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i, L ‘ o] Central Meridian longitude 100-180
' ' 1 Io position 70-110
J ,i o i 10 B source prediction
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APPEMNDTIX "p",

»

Cyclotron radiation generates a wave at'the gyro-

frequency. If theelectrons are streaming along the field

line in addition to rotating about it, the radiation under-

goes a Doppler 'shift with the forward going wave being
increased in fre~uency and the backward going wave being
decreased in frenuency.

The Appleton~Hartree formula for a collisionléss
plasma shows that the refractive index for propagation
along the field line at frequencies greater than the

cyclotron frequency is aiven by

where X and Y are the usual Appleton parameters

{Budden 1961). From tiis it can be secen that the refractive

or, substituting for X and Y and solving for the

wave frecuency f, unless

. L 2,. 21
£y HE B+ gy

where fy; = cyclotron frequency

fyy = plasma frequency.
From Byl it can he seen that fX>>fHJ It can be
shown that B.1 holds for all directions of propagation.
Any wave radiating from near the planet to free

space will pass through a region of decreasing gyrofrequency
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