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Except where it is clear :frol}l the text that I 
am describing the work o:f others, or 'ti'here it is 
obvious that I am making a survey o:f existing 
knowledge on the subject o:f the present study, the 
~wrk described in this thesis is my own. 
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This thesis describes ohsrrvations of the flne 

struc+. ure in Jovian decametric rcld iat·. i.on made at 

Grahamstown during the 1967-68 app~rition. It 1Nrl. s 

found that pulses with duration less than 0.5 milliseconds 

were common durina fine structure storms. The 
• ...1 

restrictions placed on the source for different theories 

of o:r.igip. of the short pulsE~s are discussed. 

The variation of the probability of occurrence 

from year to year is analysed on the a~sumption that the 

rad tion is found in directions fixed with respect to 

the planet's magnetic field. It is concluded that 

there is a f~~tor other than the declination of Eartfi 

and tl10 Io ef'fect which controls the probability of 

occurrence .. A detailed analysis suggests a beam width 

of 3° in latitude at Jupiter but further work is necessary 

to check this. 
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Since the discovery that Jupiter vvrJs a source of 

intense decametric radiotion (Burke & Frankl.in l955a, 1955b) 

much work has been done on t:lis radiation in both theoretical 

and observational fields •. This chapter is intended to 

provide a brief summary of this workQ 

1-1: Oh~vations of }ovii?_n dQ.f._:~me!:rl:Lradi~. 

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 axiso The surface of Jupiter 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 the enuatorial 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 different 

from both of these (Shain 1956) and in 1962 a third longitude 

system was adopted. System III longitude was defined as 

coinciding with system II at 0000 ur on the 1st January, 

1957, and as having a period of 9 h 55 min 29:37 s 

(Douglas 1964L Since 1962 there has been some dbubt ~bout 

the accuracy of this period with some suggestiont of a change 

of about 1 sec in 1961 (Douglas & Smith 1963r Smith et al 
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19"6t= \. 
,.J I • It has .:::lso br.Pn suqgcsted that thr:: period should 

be 9 h 55 min 29;67 s and that the change in rotation ra 

is due to a cyclic movem~nt of the sources (Gulkis & Carr 

1966). 

Radiation is received more fr uently when certain 

rang 0 s 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 vary 

consirlerably with frequency of observation. At low 

frequencies the radiation probability is la:r.:·gely independent 

of longitude but shows a marked power distribution with 

longitude (Ellis 19622!, IvkCulloch & Ellis 1966) ~· At higher 
I 

frequencies the radiation is predominantly from B source 

(Gruber 1967)": 

The frequency range ·Ctver which ::torms have been 

received is very limited. The highest frequency reported 

is 43 MHz with a single aural record. (Kraus 195ta). Low 

frequency emission is difficult to detect because of 

inte erence but activity has been recorded regularly at 

4.,8 J\lHz (Ellis 1962a)., Activity is most likely at about 

18 MHz and the probability falls off rapidly with increasing 

frequency .. A spectograph operating at Boulder, Colorado 

over the range 8 - 41 Mf-Iz has been used since 1960 for 

. ! 
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observr1tions of Jupiter. (Lee and Warwick 1964). 'v'Va 

(1962, 1963) has shown th,3t spectral characteristics are 

f ed in longitude and are reproducible over a period of 

years~ 

Bigg (1964) found thAt the probability of a Jupiter 

storm occurring depended strongly on the position of 

Jupiter's second satellite, Io·: Three dim ens ion a 1 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 

meridian longitudes between 90° and 185° there is a high 

probability peak. TheTe is a second broader and lower 

peak for longitudes in the range 200° to 280°and Io positions 

. t' . 0 10° t 2~0° 1n ne range L- o o • The majority of B source 

activity is Io relatedo The Io control is more noticeable 

for high frequency activity (Gruber 1967, Duncan 1966)o 

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

no effect on the decametric radiation. 

The radiation probability is found to vary from year 

to year and showed a clear minimum in 1958-59: Data· are 

ins ficient but indicate an approximately 11 year cycle in 

activity. Ca ( 1958) and Carr, • Bollhagen, S 

and Chatterton (1961) suggest that the probability ant 

correlates with the smooth s ot number which has a p 

of 11;1 years while Gulkis and Carr {1966) point out a 
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correlation with Jupit~r's position in its orbit is more 

likely. !n pa:ticular activity seems to correlate with 

the declinati,.Jn of earth as seen from Jupiter. This has 

an llo9 year period. This probAbility va ation will be 

discussed in more detail in Chapter 4o 

J\1env observers have tried to find a short term 

correlation between Jupiter activity and solar activ:i,.ty 

of v~rious kinds. The most promising correlation is 

th:1 t found hy Wti:tvvick ( 1963) (see also Eoberts 1963) 

behveen 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 cont~ining several bursts or pulses and lasting 

for tens of seconds to minutes~ It is found that 

these grou~of pulses do not correlate over a long 

baseline and are probably of ionospheric origin: (Gardner 

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

These groups are made up of pulses of various lengths 

from several seconds to milliseconds with pulses of the 

order of a second being the most common. PulsPs with 

duration lon~er than o:2 seconds will be called normal 

pulses and the rest will be called short pulses. The 

I 
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I 
! 
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• 
normal pul~~~"'>s are f:Jtmd to l,e corr-elc::tcd over long basolinos 

at times, 2lthough it is necessa to allow for delays between 

the ar.rival ti:r.cs at the ends of the 1Jasc:line. 

1960) ~ These pulses must be part of the Jovian radiation 

incident bn the ionosphere and are probably due to inter-

The short pulses were reported in earlier stud s 

by Gallet (1961), Kraus {1958) and Douglas "f1r! C:cn~t-r'-, (190., 1 \ 
o '" '-'" • .L ' \ '- .,~., I ' 

but did not attract much attention. Short pulses tend to 

clump together in groups of 3 or more pulses although 

occasional isolated pulse~ were reported. Riihimaa (1964b) 

obtained spectographic records of these short pulses and 

found that they tended to drift in frequency. He estimated 

a duration of about 5 msecs on average for the pulses. In 
! 
1965 Slee and Higgins found that the millisecond structure 

was simultaneous over a 200 km baseline in contrast with 

delays of up to one 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 attracted more attention. Recent work has 

shown that the pulses have components on a submillisecond 

scale and are well correlated over long baselineso It seems 

likely that some subdivision of the short pulses into two 

types as shown in table 2ol (Baart, Barrow and Lee· 1966) would 

rcpres a real d ision between pulses which are merely 
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shOI't noHnal pulsr•s end pulscs on a millisecond or sub-

millisecond scale. • ThG latter appear to have a differe 

origin. 

millisecond scAln pulses. 

The radi~tion frcm ~Jpiter usually shows a definite 

polarization and many polarization studies have been madeo 

Ob5"':.:v.''tion~ in hoth north&rn and southern hem pheres show 

that the radiation is largely right hand circularly or 

elliptically polarizedo 

The higher frer:ucnc ies show only right hc.nd 

polarization with left hand bursts becoming more common 

with decre~sing freouency. Several observers repo=t 

radiation with a random linear polarization. (Sherrill 1965)~ 

There have been several attempts to explain the 
I 

origin of the decametric radiation theoretically; The 

earlier sug0estions 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 ionospher0 or magnetosphere. 

Only two theories have been developed sufficiently to 

provide· a mechanism which is capable of describing t~ 

observed longitude distributions and frequency dependence. 

A third theory describes the longitude and frequency dependence 

well and includes the Io effect as an integral part of it, 
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but as yet it J.acks ,J dcovrl.oped gener,:,-;:,ion mechanisr.:. 
t 

Themost Jlly dcvP~opcd theory is thJt of Ellis 

They su~cnst that th0 radiation is due to Doppler 

magnctospher plasma by an electron streaQ t~avelling 

through +J1e pla srna a lon;; the ma ;net field lines. 

It is assumed that the plasmo frequency is always less 

E1an the c;,-clotron frequt:ncy because the plasma density 

is co rolled to a layge extent by the magnetic fie 

intensity. The radiation is assumed to be generated 

in the extr~-ordinary modeo Under these cond ions 

only the Doppler shifted radiation propaCJating with a 

COffiponent in the direction of the electron stream can 

escape the plasmao ( c A ,. B\ oee .poenalX ; . . ' I 

Hadiution is possible for streams moving tovvard 

the planet or for streams moving away from the planet 

after reflection at the mirror point: In the fo~::-mcr 

C,lse radiaL~on will be bec:1;:ncd towards the plarv::>t and 

reflected ouh,.rards at the appropriate extra-ordinary 

mode reflection level. In either case Fung (1966) 

has shown that the rJdiation at a particular frequency 

will be concentrated on the surf~ce of a cone co-axial 

with the magnetic field lines. The angular width of 

the cone increases with decreasing frequency. Using 
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as an example the possible .. ..I.. ... r. .. 1 • 
ncra~1on or v~1st~crs 1n 

the magnetosphere by this method~ they assume that tho 

r:1diation will only take place frnm field linE::s I.Ni th a 

high magnetic latitude. Activity will only be 

observed when the cone of radiation is swept over the 

Earth. By using a magnetic ld rnodel witl1 the 

dipole axis inclined with respect to the rotational 

axis and with suitable dip anomalies, they obtained 

a good fit to the observed lonqitude - freauencv 
~ . . 

profileo 

In particular this model predicts a fine structure 

due to individual bunches of electrons within a stream. 

This fine structure will appear as bursts of activity 

drifting in frequency over 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 bunchr-:s moving towards the planet and a neg3tive 

drift for bunches movin0 away from the planet. 

In addition tho probability of radi-ation being 

received at earth must be strongly dependent on the 

. magnetic declination of Earth with respect of Jupiter 1 

i.e" oh.the angle between the magnetic equatorial plane 

of Jupiter and the line joining Earth and Jupiter .. 
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rv·Jick (196i, 1953). 

who SUC}J0Sted that tho r2diation orioinatPs clc·;:;e to the J -

planet in the ionosphere. 

radiation helt lies between 2 and 3 Jovion radii from the 

centre of a dipole magnetic field: A localized disturbance 

in this bolt Ciluscs fast alec ~ns to be precipitated 

do~n the field lines into the ionosphere. Those electrons 

with velocities greater than the phase velocity for 

propagation in the plasma generate ~erenkov radiation 

in the extra-ordinary mode below the gyrofrequency: 

The wave-~hich is most strongly generated has a phase 

velocity near the velocity of the elc·ctrons ancl a 

frequency just greater than the plasma frequency. 

Wa:r·wick assumE'S. that the radiation is confined 

to within 10° of the field line and is beamed ahead of 

the preci9itated electrons. The radiation is reflected 

by a denser part of the ionosphere or by the surf~ce of 

the planet and emerges beamed in th~ direction of the 

field lines. In a manner simi~ar to that of the Ellis 

and ~cCulloch theory the longitude and frequency profiles 

observed on Earth are caused by these beams bein:;; svvept 

across Earth by the rotation of Jupiter~ To ootain the 

observed profiles it was necessary to displace the dipole 

rolative to the rotationc::l axis of Jupiter 1 relative to 

tho equatorial plane and relative ~o the 200° system III 
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extent of 1- di3placeQents re~uir~d is one of the weak 

poir,ts of theo::~y and accur2 ~e deci:::etric oos0Ivations st.,.;ch 

as that rlisplaceGents 

or tl1c Dagnitude required are present • 

.. r"" ~ .. ~ • ~ 1 t no spcc1r1c prec1c~1ons acou-

fine structure but 2Gain the ~rob~bility of receivi~g 

e~ission will depend on the nagne~ c declination of 

Gledhill l967b) has proposed th~t the 
c-1. , • • ' r1 • , h . . . , ,.. T 

ra~1a~~on 1s gener~~eu 1n ~-e VlClnl~Y 01 _c. The 

theory provides a model of Jupiter:s magnetosphere 

' • ' • L ~ f 1 ' • r- tl b ' \N:ncn 1s r::2pau.Le o- e;<p a1n1n<J some or 1e o sE:rvea 

properties of ,the :cad iation from Jupiter rat:-1er tha11 

providing a detailed theory· of the emission mech.anis:n; 

It is assumed that Jupiter's magnetosphere co-rotates 

with the: planet. Th,:o high rotation rate of Jupiter 

causes the plasma in the magnetosphere to concentrate 

c at those points of the field lines furthest from the 

axis of rotation giving rise to a disc shaped magneto-

sphere o. The magnetic dipole axis is assumed to be 

inclined to the rot~tional axis and the dipole is 

north of the equatorial plane. 

The maQnetic field intensity is chosc.n to give a 
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It is iJropo.scd ct r~diation is generated by 

Io at t loc0l plasma frequency as !o passes through 

the plasr:1a. 

obsE:rved ' ~ l . . . " 1 ' the sources at racla~lon as we~ · as exp~a 

in a r2.-tl:c. r 

thea C?s. 
_, 
1nese three are by no meens the only 

proposed to explain Jovian decametric radiation but 

are r~present2tive of theories placing the source in 

each of the three regions; the ionosphere, the magneto-

sphere or at Io and arc the most detailed theories for 

~-119 

I 
!· 
I 
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In the previous chapter it was se0n thot ~everal 

observers have reported a component in the time structure 

of Jovjan decametric radidtion vvith a time scale of less 

than 50 msccso It is this structure ich is the subject 

of this chapt0r cl nd which c or.sti tuted the bulk of the 

rc: s E:· Arch V}Ork I have done d ng the past 

The first section summar5zes thase properties 0f t 

mJ·l·] l• cec Jnd o·~ 11 spi -:··tl• nr~H "Om_ none1·1-'· of +ho r·lCJ1 ~ :c·'- 1 '"'"' "'hl. c'-• d ..... ..;, __ , -l • ' .L ••. v :::) '--• '-';:--' . !.. v••t c __,_._, \.,~~''' "L .u 

were known at the commencement of the programme and o~tlines 
r t ~ ("" I l 

~ne alms or ~ne programme. This is follo~ed in the second 

section by a description of the equipment used in the study 

of the millisGcond structure and of the form of the 

permanent rc;cords made of such activity. In the third sPction 

the observing programme and the identificatio~ of the 

radiation received with a Jovian origin is discussed~ The 

final section deals with the results obtained from these 

ob~;ervatinns. 

The "bursty" nature of the Jovian decametric rc:.diation 

has bern mentioned in the f st chapter: Jn accordance 

with the NASA "Recommendations for Standardization of 

Er>port g Proceduresn as c;uotc;d by B"l.:.rt et i=ll (Saart, 

Barrow and Lee 1966) the names and classifications 
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given in 2-1 will he used to 

for convenience: the norn0 I-pulses assigned to bursts 

lasting less than 50 milliseconds in the above paper 

Wl"l_l be-. ~dor~~erl +hrn•J 0 l~ou+ tr'·J~c rl·iap+ar • • {_l ~-·1 L ......... \,,.. J. l.,._ '-./ \ ':::} l. 1_, J.~ v ' -" L '~ - 0 

The properties of these mill econd bursts or 

I-pulses can be sunmar ~~d as foJ.lows: 

a loudspeaker they an:: heard as sharp clicks 

rather like terrestrial static~ They may occur singly 

or more often in groups of two or three pulses follawing 

close~·upon each other and may be rec0ived with normal 

buTsts 9 supe l 1 1 ' I ' l oscc on norma ours~s or en~lre.y 

indep0ndently of normal bursts. Measurements of the 

durations of the pulses at one frequency vary fr'J:r1 

milliseconds ~o 50 milliseconds. Spitting storffis are 

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

and exhibit the usual dependence on Io position with the 

peak at 90° S.GJ-:. relatively larger than for normal storms 

as a result of the greater likelihood of B source being 

usually elliptically 

Pol~rl'zed ~c ~~Q nn~m~l bu-s·tc ~ c,;_ ., ,. OC> -~'""-"- J _...L..lio~ ) ,.!_ -....~, and both right hand and 

left hand polarized pulses 2r2 obtained. Swept Lcequency 

receivers with a high repetition rate show that the 

pulses are narrow banded and at times appear to drift 

in frc~uency towards lower fre~uencies. 
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PULSE IJDNGTHS CLASSIFICATION 

L Greater than 2 sees. Lon-g -
Ni 0.2 - 2 s:ees .. N:ormal 

a 0"'.05 - 0.2 sees. Short -' 

I I:.ess than 0.05 sees. !-pulses 
'I 

;I 

Tablre 2.1 Classification of pulses. 
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Th1"' ,<lm of t:J:is study VJJS firsi.:ly to confirm 

those charocteristics of I-puls 0 S which wore already 

known and secondly to obt~in accur2te Qeasurements of 

tl~E' du~~-t-J"on o& th0 T-olJlcnc 1 _ ..!... (_l ~ 1 L -.,.. ! l '·- ...._ i w.:... .. ) 1..:; ..:;> *' It was hoped that an 

accurate knowledge of the pulse lengths would yield 

I 

1~.-· ' -

,~' 

I 
·-~ · t' · · _.,, · · ·r ..!..' •• lntorma ·lon on posslo~.e r:tecnan1.sms - or t-cr.: gc11era clan 

of these pulses; Till recently there had been few 

tt + .L • t l , ' • I' +' 1 a empws JL measur1ng ne aura~1ons OI uncse pu_ses 

acrurately and most measurements which hc:.d b0en 

m<Jde 'Nere done by measurernent of an2logue records made 

during noise stormso Disadvantaaes of this kind of 
-' 

measurement are the limitations placed on the minimum 

pulse length measurable by the necessity for reasonably 

economical ch~rt speeds and by the inertia of the 

mechanical componentso When analogue records are 

obtained by photographing traces on an oscilloscope 

screen more accurate measurements are possible but 

continuous records are impossible and tedious measurements 

of pulse durations are still necessary. 

To eliminate some of the drudgery involved in 

these measurements an~ to decrease the lower limit imposed 

by mechanical systems on measur~~le pulse lengths, it was 

decided tc construct an electronic device capable of 

measuring the durations of pulses automatically: 

•-



~ n 
'· ~ .., ... ..; .. .., 

Cbs (-'-:;:v.c: t ions 

not 

1 U"-1- I 1 T, , .-, ,, l n C: Q 
L. ~,. ._, v . . t_ ' .;._ -...; J '-,.,J ., 

·,·:r:re p2riod. 

Tl l 1 ' ' f . . l ~ .1e an~enna usee a~ 0acn · requency cons~s~ec ot tv:o 

eleme s mutuclly perp8ndicular to eacn other Bnd to the 

The antenna was fixed in elevatian but rotatable 

ir1 azimuth. The main lobe of the be2~ pottPrn was 1 • 

3 DOlJ""C. 

kep-'c in the be<~m of the antenna for up to sijht or nine 

hours a day '_,_ 1 
V/lt.,fl 

. 
rotation of the antenna only necessary 

The antenna yielded two perpendicular pl6ne 

'"01- -r-1 7°d C"' 0 p"nents a.r.: .LJ~p •.'.nci .. dc-.n-~-,_ r.,_di ;"l,·i·l· :"'n , __ ,./:1l. r,!1 "Jere r-· ·•·'-'.L~--... Vl>~ 'J. ·I . l L.t.:: . ~ _ • o.--~ _ u ... ,. v 

converted to two circula polarized components of 

oppo3itc sense usin0 a hybr ring method as illustrated 

(sr.c for exa~ple Barra~ 1062). After 

b":J circular co:::pont::>nts ''/CIS i:ed to 2 stc:cdard COl.l:i!Uni-

c;tions roc.-:::ivcr (Trio 9H - 59) with 2i1 output sirJnal 
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Fig 2. 1 Crossed Yagi antennae at the observatory 
site . 



Fig 2. 2. · The. hybr:id ring system used to c:r~tain 
. . . 

lEd't and right :1anrled · ci~culai· nolari-7.:=>. ti 



• ta n from the detector. This left the audio stages free 

for monj.toring purposes. 1-\n eight track va able spE:ecl 

pen recorder was used to record two polarizations at each 

of the four fre~uencies used (when all were in operation) 

as a pa of the routine observ0tion programme. The 

cha speed when I-pulse storms were in progress was 
FO£ Ttlf f/..CC.0£171!(1. (lr1P/..IFIH 

250 mm/min with a nominal time constant of Ool seconds. 
A 

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 detailed circuit diagram in 

fig~ 2-4o The basic idea was to square the I-pulses 

from the d ector of the receiver and use them to gate a 

sweep generator. The sweep's peak height could then be 

used as a measure of pulse length. The cirtuit conv~rts 

a time interval to a voltage which is easily measurable. 

In order to be 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 magnitude as the r.m.s. sky noise level a fairly 

high in voltage amplifier was necessary. 

I 
: 1 
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From rccoirls of pulse lenoth . -' 

available at the ti~e the apparatus was designed, it was 

eypectf.:cl that pulses would ha';e l"?ngths dovvn to C1bout 1 msec. 

and this was used to determ5ne the bandwidth necessary for the 

Fourier synthEsis of a s~uare pulse shows 

that for an amplifier to pass A pulse of duration T th 

satisfactory. accuracy, the amplifier must have a bc::ndv'lidth 

of at least 2/T and preferably greater. It was l~ter found 

that pulses with shorter duration were common and it was 

necessary to modify the amplifying stages: 

At the other end of the spectrum the amplifier had 

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 not passed by the amplifier" The circuit used 

consisted of a Darlington pair to match the amplifier to 

the dRtector of the receiver followed by a difference 

amplifier with capacitative coupling between the two. 

The low frequency cut-off was then determined almost 

exclusively by the value of the coupling capacitor: 

The pulse squarer which followed the amplifier was 

a simple Schmitt tri9ger. The triggerin9 level was set 

by n1eans of a potentiometer which was calibrated in terms 

of the r.m~s. noise voltage which would just fail to 

t:::-igger it. The selection level was obtain~d by 

measurin0 the --m s 0 · 1 
::J .~.. ... , ·-· n'lse vo tage at the input to the 
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Schr;itt and potentror;eter to three tim<2s tid_ s 

value. By this mean~. only those pulsos vvhich hac en 

were measured and thus regarded as having Jovian origin. 

This did not eliminate terrestrial static pulses but, as 

thC'r.>e are usually wi.de-band pulses in contrast v1ith the 

lch ' ' 1 + J . . .. narrowvanoeo pu ses 0{ ov1an or1g1n, l·~ J·~ 0 0s-ib1 c to l. .. .:::;, l--' ;::) - ...!... "'-

eliminate them by comparison of records obtained at · 

frequencies differing by a few MHz. For this reason two 

identical pulse measurers were built and operated at 

freauencies se 1oarated bv 2 MHz. 
l • 

This method was only 

used for the earlier obsrrvations, thereafter it was 

realised that the site of the observatory was sufficiently 

quiut and free from static to make such precautions 

unnecessary .. Measurements were then made of pulse 

durations in the two circularly polarized components 

of the radio noise at the same frequency. 

Th0 switching time of the transistors did not place 

any restrictjon an the minimum pulse length measurable as 

even using audio frequency transistors it was considerably 

less than 0.1 milliseconds. 

The sweep generator used was of the constant cu~rent 

type: a· constant curr<::·nt throush, a transistor T1 connected 

in the common base configuration is used to charge a 

capacitoro The current remains constant as it is 



.. , 

determined only by the potentl~l drop across the e tter 

c 0 ~'!1 r a r 1 s c n .. In the quiescent st~te t~e capccit0r 5s 

shorted by a second tr~nsistor T2 which carries all the 

current oassina throUl::J:h T~. 
~ --- l pulse 

from the Sc~1:d t t carries the b2 se of T 2 positive thus 

T,..., off. 
L. 

The capacitor then charges until the 

gCJte is reiT,oved and T2 returns to the conduct in'] state. 

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

The sweep genera d in this way was applied direct to 

the horizontal plat~s of an oscilloscope. There v'I3S :<o 

vr::-rtic,ll input to the esc illosc ope so the display on the 

screen consisted of a single horizontal line for each 

I-pulse receiVed. The length of th~ line was proportional 

to the duration of the pulse. 

The square pulse from the Schmitt 1..vas arnplified 

ond used to intensity modulate the display on the 

oscilloscopeo Thj .s ensured tr:Jt CJnly tl:P sweeps were 

visible, the flyback and delay before the next sweep were 

blanked out o This dis play was filmed using a c awera vvr: ich 

verticolly past the screen at 

rr;inu-t.,?. The film when processed had a series of parallel 

lines across it representing the durations of individual 
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r0corded ~n tape. 
ON liAi;NtTI< TAPE" 

~!~(~:-:nc2_s. i/10I""'·2 :c-~~cc··.::-ded a. ~ :~-,~.~ 1.c-~c,:~---
"' 

S . . t' C~HT:l 1: vvhich then provided 

To i nte:q;::cet Lt 1!'1° r~ro+o~r·,n~ir TPC~~~ " \...- i:J~ '· v '::j r_,l...Jt ......... v .... _.., ·J.J...v 

30CVC:. 

-L :- .-.. 
'v ... .;. ,~. 

A sync~ronous motor was used to fire a relay cnce _ ~inuLP 

celil::'rations. 

oscilloscope was 

j, 

T~~ 0 ou-t}J',Jt o E 

'. ' . ·-



s used ttc ze~o pc~ en 

rcco~ds by measuring the L • r• • •' • 
SDli~ ln zero posl~lon ~ : J. ~ '._ i 

th~ calibration marks by exactly this amounto 

:2~-3. Cbse:::-vinct oroceouroso _...__ ... ,...._....___ -.--
The Jovian decamctric radiation cbs orva ~i::H1 

~rogrem~e carried out by the Rhodes University physics 

~-'art,M,PD+ C]lU:Cl·ng the 10t') 7 ')8 ~0r)~rl·~~Ol1 r~n &rr~ ~.L~ ~ ...... 111-- l.,.o ..,.., _;/ t-l c. 1 1 u ..... Lr-'- ~ 1..:1 ~ l ...... u~•l ,:_1 L,J,.J, 

inJ rr:ade on most nights when condit:i.ons were L:vcu:::-c:!J.'l_e:, 

2-2 lists the freouencics and o,· olarizations at ' . 

obs'~ rva tir>ns v:r:rc made a 

1 .,. , • "1 

cnannc~s were oper?~lona~. 

h_ve been examined fo:r evidence of I-pulsc storms. The 

pulse rlu~~tion experiment WJS c2 



Pig.2.5. An example of the records obtained from the 
pulse measuring apparatus with calibration 
marks included. ~me runa from left to 
right across the figure. 



l6~Hz Total Power 

lGr.1Hz Circularly 

polarized 

corr.ponents 

,l8MHz Total Power 

lBMHz Circularly 

. 2C1'/J·Iz 

polarized 
c onents 

CJ. "'''CUl' ::jr·1 v 
-'·J. 0 --

polarized 
components 

22~iz Total Power 
I 

,22MHz Circulorly 

pola zed 

componGhts 

8th ;\lovernber, 1967 

l r: + (-u \..,.d.l. Ja nuD ry 
9 19G8 

19th nuary, 1968 
n >• I 

~ l Niarcn'P l C)?,q ... vv 

8th November, 1967 

19th January, 1968 

17th June, 1968 

8th November, 1967 

12tf1 ~:u:: ry, 1968 

lOth Ju.l y. ~.968 

6th ~.·1-. rr >_ l n 
~"c-'-"~ ... ., c 

13th Jcne 
' 

l·J,ss 

1968 

lOth July, 1963 

lOth July, 196J 

16th June, l96E; 

I .............., _________ _,_..., _______ .:...~---w _...,,.,.,., __ . ..,. ___ ~~--·~----------~L._,.._, _________ ,. ___________ , 

TABLE 2-2. ·-·----- OBSEEVING PERIODS AT VA?~IOUS 



r00sons only results of t~c pu~.se measures nt 
• 

s-ince M:!rch hcwe been C"J;:alyscd. The apparatus w~s not in 

u::;e ·very night during ·:his ;:::eriod Js it p:-ovcd too 

difficult for one observer ta run both the routine 

observations a~d t e additional experi~ents; Nor:r:a lly t 

apparatus was in use o~ly on ose nl s 'tihen fro': the 

orient1tion of Jupiter anrl e position cf Io it w2s mo~t 

likely that spitting activity would occur. These 

favourable nights were determined with the aid of prediction 

cho rts. (See appendix A)o 

Th~ •v"va·trl·l c~c~ r]i~ht ]_~ te .. j .. ..t~. \_,. ·,_.(__., 1l • ~~yJ~ ~ '-' v for th,Jt part of t "' 

7 to 8 hot1~ p cd, cc'ntrl·'d on the local trans '"'_:.irne ot 

Jupiter 9 which fell between 8 p oiiTl o and 7 Clo!T;o As the 

situated in a valley and as Jupitf:or hJd a 

declin2tion of between +1.0° a[ld +12° during most of the 

apparition, Jupiter was only sible for bou~ 8 hours a 

day and observations \Nere not usually ;nade d 

perlod irnmedi2tely aftnr it had risen and iffimediately 

before Observations during daylight hours are 

not vro:::-thwhile at dec;am(;tric vvavelengths due to the J.c1rgc' 

amount· of terrestrial static present. 

Durin(J a::.J obsc:cv:::tion per ads the audio o fYL:t;:; 

of the receivers were monitored aurallv by an observer 

fo:· any sign of Jupiter activityo At '"'-he t "",... ~ nn~ n.~ o·r: ,·- ~..- rJ•-'J-'·', .L ~3 .1. 

each watch the pulse experiment apporatus was checked to 



n' .,..., . ...; I: 

ordr::c; 

display en the oscilloscGpe, 

'A' -3 S set ~y measuring + 

Ii:C: or tc: nals and s ting the 

3CCC: Th i s 1 eve l •.r/ a s c [: ~? c k 

suspected the pen rcc 

co n t~ 

identif of ... Jcrv i a r1 

e chart was 

recording camera and the data recorder were sta 

was continued until I-pulse activity had ended. 

A+ th , ' .c ~ t l,. • ' • • ' .,.. , e ena ,OJ. eac.l v.'a c11 -cne recelVJ,ng sys-:s:-r 

......., ~. y-­
'-::j-- f, .I 

to:r 

each channel was calibrated to obt.=oin an inJicat_:_on o: .L .c 

gain of any one of the channels relative to any ot~cr 

channelo The antenna input to the pre ar>1pl i fie::-:'3 ·.-·e s 

replaced by a white noise 

' -· 
c;;.arlr~E?~-

was c2li ted for two different diode currents. e. 

zero input position of the pen was incl ed with the 

There are several other sources of radio noise 

~hich coGld be ~istaken for Jupitor pulse activity so 



not tho noise WJS of Jov~cn origin. 

on the pen rccordor 

terrestrial origin. poss~~le the recc~ver ws~ 

.. ..... .. ' ... " nlnJ 7~3snes c~~~G c 

~Jentified by their ch~racteristic sound end wcrP 

el in~~ted. by is ~eans before 2nalys~s of ~~e r~car~s. 

To help ensure that t receivers ~ere tuned to 3 

the receiver was switched on while retuning. Before any 

radio noise was identified as coming fro~ Jupiter t~e 

receiver was tuned over a few hundred kilohe 7. 

-' 
tho noise could not be tuned out was it taken as bning of 

Jovic;n origin .. In addition Juoiter had to be 
' 

of the antenna• 

In cas~s of doubt the antenna was directed at 

tl-:e noise . . ' 
OTlljln:;~" 

e plc.net tr,en ·~ t should disJ eor as the antenr"':<3 is 

.ich had to be fJlfillo~ 

pulses 1 ' ':.:e··e recorcec as 

ve an affiplitude greater than 

the r.m.s. sky noise l'vel. 

measurement exper 

~:. -~ s 



r;; .-:--
._,\._1 -.. 

1 ":'-\rr. i 
J_ ·~ I '-· ..L -1,) 

was used as ~ rJuide in idert~~vino II ~ J. ...) 

Du~ing anclysis o: the pen rccurris, 3. 

or gre~ter were d Befo~2 an analysis 

e, the pen record for 

+ u 1.~ n·:-p -j~"\.f ·"-"- l '\~/r_"l .c: <:; +uo' ·ic,,d + o-~· a nv s l "ll - ~ - - - ~ - ~ v ~ ~ -~ ·' :i - ';,;11 

cic:blc amount interference w~s f6un0 

that sccti'Jn df the photoJT:::phic rE:COTd VJJS ignored du::.-:·_~--

the 2 n3lys is or, if it wr::rc pos siblc-; t;) identify on the 

pulses were ignoreJ. 

pulse: activityo 

.is ;,·!as genr::or:;lly only po .. si · c 

pu1se occurred durjng a bre k -. ~ 
' ~ ! 

Toble 2-3 lists alJ. the Jovian dec~netric stor~s 

ich 

:-puls2 ~ctivity. 

·versa l end bf each eve·t ~~ 
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1967 

7,--'nd 

1968 

1963 

?~)th Jan., 1968 

Jan. , 1968 

Jan. , 1968 

1968 

':.'/lot:l Feb.1968 

h :_--F:'h. ~ 19~J8 
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activit} nnt containin~ J-pulsPs. 

-1-h~_ .. L..-.;.t 

!ro~ supPrior geocentric conjunc~'-n tne 

.- - r· 1-
- ~ ,; '·~ " ;. ;~~\!Pflt. o not 

+ ~-, ;: Io posi tic::--: .. : D 

n c c e s ::. a ry o The final column gives an indic~tio~ of ~: 

certainty, on <3 scale of 1 to 3~ witi, vJhic>: ~-.he:;· 

sillisccond duration du ng the storm can he idr~ 

Jov The value 3 was a:;signed t 0 t -. :: .. ) '- -.J · •. .:' .L'' 

of the 

certainly part of the Jovian radia on. 

criteria were used to judQe this ce 

(:L) ThQ pulsr::s were 2ssociat0d 1.vitr; J·upiter ::'s-:~~v:.,.: 

of any kind on a a . rent frequenC'/. 

(ii) The pulses did not have a wide bandwidth, but hac a 

appearance 

terrestrial in~0 crnnce. 

r- ... ,,~-. --., 
.:::.J'J .. ;._:. 

I 
f ' r \. '.- i 



Those: 

aatisfy ~11 the five 

in c :Jte,::;cJry 

, '! 
' . 

;,..._, ':":'> I ( ~' •' 
j - ....... '..1 ~ .. 0-

·.: 1ike:lj_':·JocJ 0 ·:: 

uire~ents listed aLovea 

contcincd pulses 

?-3~ 

• r been c ied as 3 if they had been isolated but '.''J ; 1 . ~-- ~ -

accompanied by a larse amount 

interference makinq ification di~ficult. 

contains there .. .-~ · ... 

£'ifty-fifty chance of the event being due: to J\:.yl. tc:.: ~ 

I 

In the f(::w cases v.'hr::re the certJin-~y ::;.:; -

the ever:ts v;e}.'P 

half integral values. 

?iQ. 2-6 snows t~n dependence of wha~, ~cr 

c ~Jrr1c the probability of occ~~~c~cc 

itude in system III. 

1 ·-

-:,:·]-::_, t 
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A~ unusual fc~ture o~ this 

distribution is the hi 

B usually has about t~e s~~e pro L 1 ity as C w2th 

being more active than both. No expla~ation c~n 

offered the diffe~ence bet~een the usual ~is .. ~itut 

and the distribution obtained during 1967-63; 

activi shov1s the usual kind of dist bution vi:..::.~ cH·::, ,: 

of the activity being due to B source with a sec~~0 pc~~ 

at C source: , (Olsson c: • ·.• 19"'6'-­.. mltn o }o The 

of pulse act ity from A source is unusual. 

c CIT:~J1e·ce 

A histogram has also been drawn up relating 
I 

form of probability desc bed above and the departure Oi 

Io frorr: . . . . t. superlor geocen::rlc con]unc 10n for orll.'/ 

- ' . . t ptu.se aCC.lVl .y. 

in .;ig. 2-·7. no unusual fe~Lur~.~ 

ccse. 

T' + ' · . ,.. T 1 hc·se ... •:10 corre..La;:;lons or -~..-pu.Lse 

on and ne~r Jup~.ter snow t t the pulses ~ust 

~....., ' . -,.. 
l_}'-"' 

I '. 
l 

I 
I 

~-~ 
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cxponcntiJl curve 
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0rc y 0 1~ the amplitude the pen would attain ac~2r 2 

, -Jnc' t < ""'' " .J~' ... :;.! J_,;,'-..,: ·--· t" is the tir.~e consta:-1t of the .systc:' .. v 

• ' rl t _. !~JXlDJU:T: C1Pl c:c .lon 
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, .. ; 1/J ,_ 

A c J. :-. ~ 
J • ') ._, ~ ;., I., 

·for c. rnir:n 
.J -~ 

tim2 const~nt. The return to sky noise l~vel ~?S et -

r:•~e near that cxpc-ctccJ fr:Jm the nom:\.n:,l ti::-:e cons-:.::, ~. 

This can be clc::~ly see~ fro~ fi~. 2-S 

ne2r the beginning of the record of th~ T -_,_-pu.l. se 

C) .c 1 .--~ Ja- I"Ua- "'·' l C'o..- Q l .L...,~' • J..i? .:J '-'• 

constants had not bec:n ch.:: eel t,J s j::l c ,_j ~~ -:~ s 

Thu::; t:v:; time const:o;-.ts for 

~le all the other rhannels had ~ tixe consta 

seCSo !~pulses arE seen on the 16 ~Hz total power and 

the 18 and 22 MHz right hand circular channels. 

difference in ris2 an~ ~ecay time ccnst~ s is clearly 

visitle en the 22 if,Hz rE.corC:. 

in pulse aniplitude due to I • t • cnc;n-:;e 1_n lme consta 

froG 0.5 to o:1 sees. W?S not greatPr than a fJctor 

The ch.ara E'ristics of thP I-oulse activity 
1 

differed considPr~bly fro~ stor~ to storm and ' ' "·- ...., -'""" r ... 
~' ....._;;! •;;.:.: 
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F1ig. 2 .. 8. The difference in charge and dis change time constants 
is clearly shown in this section of pen recorder 
chart .. 



• 

to t. during ·~~·,(·j k ~ n CJ 
-' 

occJsions and more r2r~ly !-pulse act!vity folloN~d a 

normal pulse event. 

different frequencies br ot alte~nat2 t5nes on ore · 

~uency. Some sto~~s cont~ined only 

U1 no normal or long bursts altLcn..;nh on tlH:,se .. ~~~u:slo:-:s 

n·Jt I--pulses. During a pe od of pulse activity tht 

pulses could appear individually at int 0 rvals of 10 

I 

of the recorder could rot return to the sky noise level 

activity the spitting pulses appeared to be supcrlmposed 

on normal or long pulses. Half an hour of record run 

'Nitll a tim·-=: cvnstzmt of 0. Ol SPC. course of the 

event of 16th r,1arch, 1968? showed tilat I-pulscs superirr•;>;::.; :::-: 

on nor~~l pulses were not impossible but th~t sc~c burs~? 

th this appc::Jrance must b0 duo to ti,e effect s (·p 

Ov·-:>r ha 1 f t i1c !-pulse events observr.>d exhL)i·~ :; 

d r>fi n:i_t e tirn.o s true t ure ::_:,f the ord e:::- of seconds s :;p :l' o:;;ed 

on the short pulse structurea Th.is g ~vn i·~e c+o.~~ L . Cl C ,!i _.) \.; IJ_, •. •.. .(. .• ;,_; 

p0~rance of c0nsisting bursts of noise cor~?ining ~ 



·- 11. (l -' -

l~rge number of pulses. At t,imc:;s the ar:Jplitude of tL 1' 

pulses dropp"'d to sky level bet·:Jcen bursts but at oL~c-:::::' 

times puls0s with 1~~ amplitude joined ths bursts. 

the remaining stor;ris another 20% sl.ov:cd a ter:dency ·r.ONcuds 

grouping but bee a use of the longs:c intervals betv.'een 

pulses grouping is not obvious. The rest of the 

storms consi~tdd of isolated pulses vvith occasional 

bursts of many pulses. 

The characteristics of the pulse structur~ of a 
\ 

storm o en chan0ed during the course of the star~. 

Storms starting with isolated pulses usually showed a 

gradual increase in the frequency of I-pulses until 

burst groups formEd. On seVeral occasions th2 bursts 

of I-pulse a6tivity changed to normal bursts but only 

0nce did the bpposite happen. 6..s a storm progn?s sed t'-: 

I-pulses tended to ·increase in amplitude~- This could 

be due to either an increase in intensity or an increase 

in pulse lengtho 

The next 3 fi,;;;ures illustratr:> the various kinds of 

I-pulse storn;s 1AJhich were obsf~rved. In all these figur2s 

time runs from right to left along the chart. Isolated 

I-pulses together v11ith sor:•e int(~rference are sl~ov,n in 

fig. 2-9 on both 16 MHz ch0 nn1:?ls and the 18 I\:Hz tot a 1 

power channel. The fJUisPs ~tovJards the end of the 22 I~~f-Iz 

left hand circular trace are probably I-pulses-" Fig. 2-
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Fig. 2.9. 
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Fig. 2.10. 
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shows I-pulses for:iling bursts of activity with o::.e 

burst of exceptionally high intensity 'Nhere the pei! was 

held at full scale deflection for several seconds: 

t::ost of tlH=? activity is on the R.~-l. channel vJi-:.h 

occasional bursts of activity on the left hand channel. 

Towards the end of the section shown the timing relays 

produced a wide band interference pulse on sll cha0nels; 

~ide band pulses such as this are usually obvious at a 

Finally fig. 2-ll shows hormal activity 3-c 

22 and 20 MHz while there is I-pulse + . . t ' aCulVl ,y -3'"C 

The: normal burst on the left hand 20 MBz channel w.:::-s followed 

a minute later by I-pulse activity. The !-pulse ~ctivity 

on 16 MHz is superimposed on normal burst~ pe~haps 

showing a midway point in the transition from the T-;;ulse 

event preceding this section and the normal and shor~ pu~se 

event which followed~ 

The pen recordinss of I-pulses have only been 2bls to 

provide information about !-pulses collectively and h0ve 

qiven no information about individual pulseso l\Iei thor 

their length nor their polarization (as will be seen later; 

can be determinedo The pulse measurement experiment 

provided some of this information. 

The first I-pulse storhls observed during the 

apparition s:1ovved that instead of pulses having a r:-dnimur;: 
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length of the order of l..lrr.illisecondtas expected (Gallet 

1961, Kraus 1958, Douglas and Smith 1967, Lee 1966) most 

pulses had lengths considPrable shorter than this. The 

apparatus was mOdified to reduce the miniQum pulse length 

measurable as much as possible: The modification did 

not help much as the ndwidth of the receiver-amplifier 

system was determined larg~ly by receiver wh h had a 

bandwidth of 5kHz; .The pulses recorded using the:data 

recorder were more severely limited by the 4 kHz bandwidth 

of the recorder at the tape spr:?ed used (7-~11 /min.-). 

An I-pulse whi£~ appeared on the ,pen record as a 

single pulse often consisted of a number of these sub­

millisecond pulses over an interval of the order of 

millrusec onds" Other I-pulses cons is ted of single 

submillisecond pulses. Both these types of I-pulse are 

shown in figo 2-12 which was filmed from a few seconds 

of the tape recording made during the storm on 25th 

April. The pulses displayed are the squared I-pulst?S 

us~d for pulse length measurement.. The distortion due 

to the data recorder clearly visible., The sweeps 

are separated by at least 50 msecs .and.anapproxima ly 

~ millisecond scale is shown. Some of the groups of 

submillisecond pulses shown last for 3 or more milliseconds 

and these presumably are the I-pulses measured by previous 

workers .. 
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F±g.. 2 ... 12. Squared Jt-pulses photographed.. from an os,oilloscope .. 
Time seales are shown b:oth along andacros:s the 
film., 
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I+ . - • bl t' J.. th 1 • 1 1 • d . ..... lS po::.sl e ,ha" t:; suoml_ ~lsecon component 

reported here is not a real effect but one wJ-lich a ses 

during the amplification or squaring process; This could 

be tested by using two receivers tunPd to ~ithin 50 kHz or 

less of each other and compa ng the squared outputs. 

A single record with g correlation on a subr:-J:Lllisecond 

scale would be sufficient to exclude the equipment as a 

possible source of the structure. With this in mind the 

t~pes with squared I-pulses recorded on them were scarined 

for signs of this correlation. There. were no records 

available where pulses from signals with the ·same 

polarization and with freGuencies within 50 kHz of each 

other had been usedo There were hovvever records at 

frequencies which were within the 0~4 .1v1Hz of each other and 

with opposite•circular polarizations. Likely sections 

were photographed using a double beam oscilloscope but no 

correlation was found which lasted for more than one 

millisecond or more than one or two successive pulses. 

These odd correlations could have been static or other 

interference and cannot be given much value; 

Riihimaa (Riihimaal968) has pointed out that the 

I-pulses t.le observed using his high resolution swept 

frequency receiver have bandwidths less than 50 kHz at times. 

The results of Gordon and 'Narvvick (Gordon and . . 1 o·· ~' rWJ.CK _,.o I) 

using a swept frequency polarimeter suggest that s nals of 
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opposite c ular polarizations are more likely to 
• 

anticorrelate than correlate. The lack of ~orrelation 

found betwePn signals which had opposite polarization 

and were possibly well separated in frequency, can not 

be conclusive proof either for a Jovian ori~in or for an 

instrument~l origin. 

Factors in favour of a Jovian origi~ are the 

recent reports of similar submillisecond structure by 

Slee and Gent (Slee and Gent 1967) and by Flagg and Carr 

(Flagg ~nd Carr 1968)0 The former found a good 

correlation (0.6 to o:7) for the submillisecond structure 

of 1 the Jovian storms obseTved over baselines of the ordPr 

Flagg and Ca using a receiver vri th a lOG kHz 

bandwidth found closely spaced pulses averaging about 

20 p.,sec in length forming pulses of activity contim.lin(J 

on the order of milliseconds. 

Distributions of pulse lengths were prepared from 

the photographic pulse length recordso The films were 

compared in steps of one minute with the corresponding 

pen record and only those minutes containing certain 

I-pulse activity were analysed further. In thi~:> vray 

intervals containing a large amount of interference were 

Those minute intervals containing I- 'l:c;e 

activity were ~nlarged using a microfilm reader and t~& 

number of pulses with lengths in each of a series oi 



ranges countPd. From thPse counts the histagra~s in 

fig. 2-13 were producPd. The total ~u~~er Gf pulses 

included :tn th0 8th 1\prJ.l histo::;rar.1 is 31:? covr·rir.g 

26 minut~"s; in the 25t:~ April histogrc:ri: is tJ.59 pulses 

covering 27 minutes and in the 26th May histogra~ is 

907 pulses covering 51 nutes .. Thrse are the only 

storms whlch have en analysed in detail but other 

~torms' h~ve been examined and the distrituticn will. 

not be significantly different from theseo 

The feature of the histograms which is i~med tely 

obvious is that the majority of the pulses arc m:2:c the 

minimum resolution of the apparatus. The broken line 

marked 2/F . represents the shortest pulse w~1~.ch cou~.cJ. max 

be measured with accuracy; the frequency F · "being the mox 
upper cut-cff'of the receiver amplifiEr systems. As can 

be seen, the majority of the pulses were shorter than th 

limit. The !-pulses have a component with lengths les~ 

than Oo5 milliseconds but this experiment does not resolve 

the minimum pulse length. 

Although both circularly polarized components were 

recorded on the pen r0corder chart and the film record of 

pulse lenQths, little can he s~id about the pola zatian 

of indivicJ.ual pulses for a number of reasons. As 

mPntioned earlier the amplitude of pulse shown on the 

pen record is not necessarily a me2sure of the intensi 
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of tht: pulse. Although the nemin~l time constants were 

t,hc same for both polarizations at the same frcc1uency the 

responsP to a sharply rising pulse nc0d n0t be tt0 same. 

The noise level calibrations give no ~nformation om this 

responseo Axial ratios cannot be determined for these 

reasons. 

Another difficulty is ide ifying individual 

pulses on both channelso It s been seen that th~rc 

were no correlations on a ~ubmillisecond scale a~d the 

recorder did not respond to this structure so polarization 

and measurements on that scale are impossible. There 

was however correlation on a millisecond scale but in 

this case any axial ratio would not represent the 

polarization ellipse but would be a measure of the 

2verage intens~ty on left and right hand channels. 

The hybrid rings used to obtain the two 
AfTE£ THE EIJT> <)I' Tilt 0 us E'~Vllvl; SEMON 

polari~ation .. 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 nominal1_y quarter w;1ve 

length of the line differed form a quarter cycle by 

about 10% but was the same for each length: Th·us + 

contributi0ns from earh set of linear elements of the 

antenna which are combined at each of the outputs of 
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til0 ring \'.'i11 not differ in pha'se by J r;uartor cyc:Le but 

will differ by some fraction of a cycle say x. i\t one 

tr: rmi na 1 tf:ro contribution frsm tiw 1:-o:ciz onta 1 elerr.ent 

will be x cycles ahe~d of tho contribution from the 

v0rtical ele~ent's contribution will lead that fro~ the 

horizontal element by the same fraction Xa It c i'Jn te 

s0en from tl;is ti'•c.tt the components fro:7: th.c hyhriC: rin; 

will be Plliptical with s~me major and miror JX~s and 

the same oricnt.:1:tion relative to the elerrwnts of the 

antenna but will be left and right hand elliptical 

polarizations a Although the components will not 

readily yield axial ratios it is possible to obt5in 2 

aualitative estimate of whether the activitv was ' . I 

pn:dominantJ.y right hand or left hand polarized .. 

Fig 2-10 shows predominantly right hand I-pulse 

activity with considerAble variations in the left hand 

component. The left hand elliptical component is 

always less intense than the right hand component. 

Fig. 2-11 shows activity which was largely left 

hand polarized on 22 and 20 MHz. Unfortunately the 

16 !1.\Hz r:;..Jht hand channel V'3S not in operAtlon during 

this storm. At the end of the record an intense 

right hand burst occurred 3t 22 MHz indicating a changt:: 

in polari?ation sense over the period of about a minuteo 
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_Fig: 2-14 shows short b~rsts of !-pulse activity 

where occasional left hand bursts .appeor amongst .the 

dominant right hand bursts: 

ChanQPS in the sense of polari2ation such as 

shown in the figures mentioned above occurred during 

several storms. On most occasions one sense of 

polarization was received throughout the storm with 

irregular bursts of opposite sense interspersed. 

Th0re did not appear to be any difference between the 

pulse lengths observed on opposite polarizations. 
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Fig. 2.14. 
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In this chapter the possib sources of the I-pulse 

structure will be discussed. The first section presents 

a review of the theories suggested by previous workers. 

These the'ories are discussed in the second section in the 

light of. the results presented in c~apter 2 and in the 

final secti6n sugge ions future work on I-pulses 

are made. 

3-1 b &.:L;Le\~ .21~ .£.<2S.~ib~gios of:_1::£!::!l.§.S_.§.i.f:uc tQI~ Q 

Any satisfactory theory for I-pulse radiation must 

explain the association of I-pulse activity with ~ ~nd C 

sources rather than A source and the greater sensitivity 

of I-pulse activity than normal activity to Io positiono 

(Olsson and Smith 1966; Baart, Barrow & Lee 1966)o 
I 

It must he able to account for pulses with the shortest 

duration mecsured. If !-pulses are due to a·pattern 

drifting across the earth, the drift rate required must 

be greater than 104 km/sec :· (S1ee & Higgins 1965, Slee 

& Gent 1967 ); The pulses appear to drift in frequency 

at above 35 MHz/sec (Riihimaa 1968~,Gordon & WaDNick 1967) 

and are probably not correlated (although possibly ant 

correlated) in the two oppos ly rcularly polarized 

compone s at the g(:lm~~ frequf>ncy (Go1·don & Warwick 1967~ 

Barrow 1968). In addition the theory must not re 

· that the. sources have any properties which would make 
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emission of riormal and lDng bursts impossible. 

Each of the suggested origins of I-pulses will be. 

discussed in turn. 

(a) Coh<:.'rent source recJiQD· ------·---
It has been suggested that the millisecond structure 

of the bursts could be due to ~ cohere~t source region 

(n 1' L U.~ K, Rayhrer &_Lawrence 1967). Consider a source. region 

which can be divided into a number elementary sources 

radi ing continuouslyo some ins nt of.time there 

will be a definite set of phase relations between these 

sources which will define, for .this instant, a beam 

pattern for the source consisting of a number of narrow 

lobes·~· The narrowest lob(::: will have an angular width 
I e = ]) 3 .. 1 

where D is the diameter of the source region in wavelengths 

(Gordon & Warwick 1967)o The time taken for the rotation 

of Jupiter to sweep this lobe across earth is 
I 

;t = e~p 3o2 

where f' is the· rotation rate of Jupiter.. Substituting 

from equation 3ol into 3o2 
I I · ..t !:- fJ> 

This beam pattern will apply 

instant of time. 

s time becomes 

any source at a single 

At a later tim~ the p~ase relation between the 
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cle.mentary .sources will ha\r0 c1'1snged artd t. he bearns 11 be 

direct0d in different directions in space. Apa from 

this -Jupiter will have rotated and the bE'ams will have· been 

swept over the Earth. There are thus two variations with 

tim~ taking place, either of which couJd cause the !-pulse 

structOre. The signal received on Earth will depend on a 
\ 

coherence oi·the signal and the ze of the source region. 

The coherence the source depends on the av~raging 

time of the receiver which effectiv~ly the time Gonstant 

T of the receiver, and the "coherence time" of the source. 

The coherence time will taken as some measure· of t 

average time which the phase relation between the eleme ary 

emitters stays const.:mt and will be represented by~ .. 

The source itself can radiate continuously for a period of 

minOtes .or hours or could be sporadic. Int,ermittent··radia:UJ(.m 

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

could account for the I-pulse structure irrespective of 

the coherence of the source. If the source is continuous 

millisecond pulses could only be present when the source 

is coherent or partially coherent~ 

If the avera]ing time T is very much greater 

the coherence time .11, the beam pattern will change 

times during a single unit of averaging time an~ 

resulting beam pattern will be the average over all 

patterns which will be tb~ pattern of each of the 

than 

many 

eme ary 
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• 
This is the i~cch~r0nt radia~~on case. 

and fine structure v:ill b>?come appa::ent. For't';>?T the: 

bean; pattern will persist for vr>ry ;r;ucL longer than one 

unit of c;vera·;ing ti;ne and tLc: rc:dL--:t~on 'Nill be~ coherent. 

The pulse lengths obs2rved will depend on the.relative 

;na:::;n:itudes of 11' and t 7 lobe transit tir:.e .;t Earth, 

If 't 1/ t several lobP s of the pattern v1ill be able to 

sweep past the observer before the phase relation, 2nd 

hence the pattern changeso The shortest pulses 

obs2rved will he determinE'd by t , Jnd so by D, the 

source width. On the other hand if t>;> '"(:; the p<Jtterr. 

will change before a single lobe sweeps past the observer 

and the shortest pulses will be determined by the value 

of 't' . 

The cases discussed above are the limiting cas 0 s 

but there is no rf'."Json for excluding interr:~ediate cases .. 

As Dulk, Rayhrer and Lawrenc~ sugges~ it would be 

necessary to measure the correlation between signals 

received over a bJseline of 300 km or larger in order 

d . +. . . ., t rl. f.£" . t . ' . 1 • t. to . l.S .. ln>JUlSh oe vveP.n ul 1 eren· pOSSlDl.Ll l.CS • 

(b) Another suggested source for the !-pulses is 

scintillations in interplanetary space (Lee 1966). 

It has already been shown that the N pulses originate 

in the interplanetary plasma (Douglas and Smith 1967) 

• I 



and Jre :::oduLJted by ionospheric s.cin·~:.llntions (Sr:tith 

et ::<1 1960). 

Jovian source is diffracted first hy i::>?Jul~J.::::-iU.t:.:.; in 

interplanetary space giving it a bursty charaCter and 

then suffers a second diffraction in the ionosphere 

gain'ing the v:cll-kn:.Jwn groups of bursts. 

The scintillations observ@d on e~rt~ are due to 

the diffroction pattern produced 

irre9ularitics in interplanetary sp~ce drifting past the 

observer. This drift is due to motion of the 

irregulurities perpendicular to the r=Jrth-Jupit~"'r line .. 

Space probes to Venus have shewn 

of th~ solar wind between Earth and Venus is 400-700 

km/sec and there is no reason to suppose that t~is 

speed will 
, 

l cnanJe 

& Snyder 1962). 

significantly beyond Earth. UJeuge bauer 

In any event it is extremely , • 'Y i 
lln~ l.!{eJ.. y 

to increase' beyond Earth., 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 fron: 

the change in direction at opposition of the component 

of the solar wind at right angles to the Jupi ter-Ear7_h 

line; The derived drift rates for N pulses agree well 

with the measured solar wind speed: (Douglas & Smith~ 
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the I-pulse structure is to he ~xpl~inod in 

terms of scintillations in interplanet~ry space the 

drift rate of the pattern a eros s :.:arth s h8uld shov,; 

similar behaviour The structure on a millisecond 

scale hcs heen found to he simultaneous over long 

baselines and the minimum rate of drift determined 

from this is of the order of· 104 km/sec 

1965, Slee & Gent 1967, Douglas ~ Smith 1967). This 

is very much greater than the solar wind speed. 

From figo 3-1 it can be seen that the drift 

speed V of the pattern in the plane containing the 

obsPrver will be 

V = v 0 1 + 02 3o4 
-b 

where v is th~ component of the solar wind perpendicular 

to the Earth-Jupiter line; o1 + D2 is the Earth-Jupiter 

distance and o1 is the distance from the diffracting 

screen to Jupiter., Using a value of 500 km/sec for 

the solar wind comporient v (which is rather larger than 

would be expected) and substituting for V and D1+D2 the 

above equati6n gives 

Dl = 3:5 ·X 107 km. 

and the diffracting screGn would thus be near JupitPr. 

This value of D1 van be r0garded as a maximum. This is 

ahou{ 400 Jupite:r: ;:radii from the planet; Earth's 

magnetosphere extends to less than 20 Earth radii on 
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the dayti~e sid0 o~ the planet nnd it is thus unlikely 

thot ,Jupiter's ma snetosphere could extend this faro 

A d0tniled treatment of the diffraction theory 

for propagation of radio waves through a medium 

t .. h l •• l .. 1 b con a1n1ng p .ase c~ang1ng 1rregu ar1t1es wou d e out 

of olace here. 
' 

Reviews on this · topic such as 

Ratcliffe (1956) provide most of the nc::cessary 
• .r: -f • . . ln.Lorma.:lono 

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 

screen is closer to the source than the observer. The 

treatment by Pisareva (Pisareva 1957) deals with a 

spherical wav~ 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 deviation introduced by the screen, 

the 

and 

1. • almens1ons 

'5 is 0 the 

of the source and the ratio 

i5 :::;; 

f5/ 
Do where 

Value of i5 for which the mean irregularity 

I 
I 
( 

size covers a sihgl8 Fresnel zone as seen from either tho ~ 

source or the observer. The I-pulses have intensity 

variations greater than the average intensity. In 
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c;ener,~l ~.::,c intensity scj_rtilJations jrcrcJse v1iti; 

and ti1en chc1r.ge little in the ::raunhoier reg1on 

'J • l r·f:'\MJ sr,, DPnnison and Pilkington It" • 1 .L 
IJ1P\IV1Sn e L 

al 1966) have shown that,for 3o7 meter wave~ at a 

dist2nce of o:s ~.U fro~ the sun the scale of the 

irregu:!.:c; ri tiE: s, .$ ,is a bout 100 kn;s h: contrast to an 

earlier 2st te of rather less than 5000km (Hewish, 

Scott, v'!ills 1964) ~- confir:-r.ed 

by Cohen at al (1967) at about 0~75 meters. The scale 

of thE· irregulari tic:s at Jupiter will be taken as having 

a miniffium value of 100 kms: The previous workers have 

shown th.Jt heyond 0-~-5 AU from the sun the:; phase 

deviations are much less than one radian i.e. 

fa<< I 

(see also Little 2. Hewis.h 1966L This is comconly callc·d 

the weak sc2ttering CtO.'Se, 

For the case of weak scatt.::'r_inrJ Pisareva has s:10wr, 

that the me~n square intensity v2riation is given by 

F = ;t A ;J. { 1- 1 t ~a:D,At:tit} 
and the scale of the diffr~ction pa ern in the plane 

t • • .L.L con aln1ng t..>1e observer is 

3 .. 6 



From 3.5 it c~n bG seen thJt the in~cnsity v~riation is 

a max j_rtitim ~en 

at 10 rr.et~?rs wavelength the 11mi t of· the Frc snal region 

is 

Both source and observer arE: thus well into the Fraunhofr:::c 

zone and large intensity variations are possibl~?. 

for fi in 3~6 gives 

S = _t TJ;:a 3.7 

Comparison of 3a7 and 3.3 shows th3t both the 

velocity and scale of the diffractjng screen are scaled 

up by the sarne factor to 0bta in tht:: velocity and sc.-.~ 

of the diffraction pattern in the plane containing the 

obsPrvcro This implies that in order to obtain a 

pulse of millisecond duration at Earth it is necess~ry 

that tho irregularities in the diffracting screen 

move 'N h such a speed th2t a d point 

in a millisecond. th a solar wind velocity of 500 

kc/sec this ~auld reGuire an irregularity scale of 500 

This is f:>I' smalle.D +:ran previous e imetec; 

rr;aking interplanetary scintilla ons an \Jnl sour:r:: 

"1 
. !I 

l 
i 
i 
i 
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~jih5m~~ (~jihimaa lJGGh) points 

dif cting screen, the spPed of the pattern in the plane 

containing t 

which when combined ~ith the fixed source, drifting scr~en 

case gives 

V o1+ D o2 = -..,. __ 2_v-- - u -
D ---D~--

1 1 

A vel?city component of 104km/sec perpendicular 

to the Eerth-Jupiter line would be ne~essary for the source 

to produce a pattern drifting over the Earth at tLis speed 

if the diffracting screen is not nE::ar Jupiter·~- Riihimaa 

s ho\NS that a group of electrons trnve lling a lonr:J a f icld 

line 5n the magnetosphere, as required by the Ellis and 

VcCulloch model of decametric emission, could easily have a 

velocity component of this magnitude. 

The scale of the pattern presents no di iculties 

in this case. The drift rate of the pattern in the plane 

of the observer will be determined largely by the vslue of 

will be niven 
-' 

The scale of patt0rn in the plane of the observer w~ll 

. 1 
r 
! 
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Taking a-value of 500 km for the scale of the 

pattern at earth a millisecond pulse would require a 

drift rate for the pattern of 5 x 105 km/sec. This 

:requires the diffr.:Jcting screen be nearer Jupiter than 

Earth by a factor~of 10: 

(c) Only two swept frequency :receivers have been 

operated with a sweep repitition rate sufficient to 

observe millisecond time structure. Both show puls('S 

drifting negatively in frequency at rates of above 

35 MHz/sec (Riihimaa 1968a, Gordon & Warwick 1967). 

The !-pulses could be the effect of observing continuous 

narrmvbanded :r;adiation which drifted through a fixed 

receiver bandwidth. 

At a fixed frequency the duration, t, of the pulse 

drifting at a r~te, D, would be given by 

t _J_ 
- D 3,10 

where BR is the receiver bandwidth and B1 is the !-pulse 

bandwidth,. The pulse length measured at a fixed 

frequency would then vary with the ba ndv,.Jidth of the 

recBiver provided that the pulse was not limited by 

bandwidth considerations; 

(d) Warwick and Gordon (1967) report that storms • I J_cn 

contained structure in time on a scale of 20 milliseconds 

or less also showed fine structure in frequency and 
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pol&rizotion. Using a swept f~E?<;uency polarimeter 

with a sweep repetition rate of 25/sec. they found 

that activity on left and right hand circularly pola zed 

channels tended to show distinct lanes of about 1 MHz 

width with no noiseo In addition it was seen that 

activity on the left hand channel tended to ant correla 

with right hc;nd activityo Figure 3o3 is an illustration 

from Gordon's thesis (Gordon 1966) showing the lanes· in 

both circular components and the anti-correlation between 

RiihimAa (1968a) reports similar lanes 

of low noise with frequency which he attributes to 

scintillation effects in interplanetary space of the 

type discDssed in section (b) above~ 

They explain these effects as a Faraday rotation 
, . 

phenomenom at Jupitero It is assumed that under certain 

circumstanc 0 s two modes generated at the source can 

escape ~nd that these modes propagate through a nearly 

uniform magneto-ionic mediurn as two elliptically polarized 

w~ves with mutually perpendicular major axes. The 

refractive indices for these two modes will differ, so 

that the modes will emerge from the medium having 

undergone different phase shifts. The resultant of the 

two modes will be an ellirtically polarized wave where the 

major and m:bnor a~es ahd 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 rndiation •. 

The characteristic 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 terres al Faraday ef[ect 

will be observed on the circularly polarized channels. 

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 c ularly pol::~rized 

components ~f each of the elliptical modeso Depending 

on the phase difference between the elliptical modes 

these components would be in phase or in an_tipha se with 

a corresponding maximum or minimum intensity. The 

dependence of phase difference on frequency would cause 

the observed lanes in the spectrogr~ms. The assumption 

that the elliptical modes are mutually perpendicular 

ensures that the left and right hand intensity maxima 

anti-correlateo 

Warwick and Gordon svggfst that the fine structure 

in time originates from beaming by a coherent source of 

la dimensions as discussed under (a) above~ The 

simultaneous appearance of this fine structure in both 

frequency and t they attribute to a uniform structure 

r. t' t · · d' · •t ·r · e J-U.!J.;ter_'s O£ ne magne o-~on1c me lUm 1 1n ~Del· . as ~ 
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..,..1h" p1-l"ce p~·'·h ~oc- J.u,--:> -ol.~ 

through tho i0nosph0re is ~ssumcd t~ ?iffcr by J.oss th2n 

cohc·rencc ovc:or: t:v:; s cure e 2 ;,0 so r.,<J kinq narrovJ hec:Liling 

''l l" .. 'h' +h posslo_e anc a~so Pnsur1ng ~a~ ~ e ;:::h2se difference 

b0tw~en the two 0:liptical modes is const~nt over the 

source ther,eby making the- Jupiter Faraday effect possiQ10. 
4' For a 1 msec pulse the source size would be 5 x 10 km 

which r0presents a large area over which the ionosphere 

must be uniform. 

This origin for the Jovian I-pulses rests on the 

sourc0 large a ncl spatially coherent. If the source 

w12re howev0r srnall the properties of t hfl magneto-ionic 

medium required to make the Faraday effect possible woul6 be 

more easily satisfied. It is possible t!:;;t the Faraday 

effect itself is the origin of the I-pulsei. If the phase 

difference between the elliptical modes changed on a 

millisecond time scale~ the radiation received at Earth 

would alternate rapidly between left ~nd right hand 

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 he s(f'u3ll a:1d in fact 

would have to b0 small enough to enable the phase path 

length for the two elliptical modes to change over the 

area of the source on a scale of milliseconds or less 
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w.ithout c;ifforences of r7~ore than 1 a.::-is:'Lng over i:ho 

source orc.J. This r~p,d cnange in ph0se diff nee 

could he due to ~ ~hange in the dontity of the magneto-

ionic medium. a cha n(:e in the rny path thrnu1jl: the medium, 

· .or a change in the thic~ness of the ~ ium. f\ scurce 

consi~t1ng of a shock front or a bunch of charged 

particles moving through the medium could poss y cause 

tho th5ckness of medium through which the rays pass to 

change in the desired.fashion. 

The s:hort record shown in 

pola zation at A fixed ~requency at intervals of t~e 

order of hundreds of milliseconds. Figures ?.11 and 2.14 

show changes .in polarization on a scale of minutes. Eith 

of these caul~ be the changes in polarization sense at a 

fixed freq_uency due to the Jupiter Far0day pffect~-

Changes of polarization sense on a millisecond or 

submillisecond scale as s~g0es~ed above have been reporte~. 

Doviden (Do~vvdr::n 196.3) and Barro\N and MorrovJ (BaTTOW 8, Mor:row 

1968;' suanest that events where bursts have .a low axial 
~ _, 

ratio could be due to the simultaneous observations of 

pulses with opposite circular polarizations. Neither of 

these polarization studies could resolve activity on a 

mi~lisecond sc~le. HowevPr Torgerson (Torgerson 196J) 

ve used a polarimeter with a resolution of Oo2 msecs. 

and has found that some pulses are made up of independent 

rly p rized oulses in succession. . 

;,.·"".":> 
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The most important of the results obtained in 

Chapter 2 is the existence of a submiJlisecond co~ponent. 

This cor,lpronent placc:>s restrictions on the possible origins 

of I-pulse activity in Jovian radiation which have been 

discussed in the previous section; 

If the submillisecond structure is due to the 

beam pattern of a la e coherent source being sw~pt across 

the Earth by the rotation of Jupiter then equation 3.3 

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

c2n be seen that the separation of pulses was at times 

of the same order of magnitude as the pulse lengths and 

thus minimum P,ulse separations of 0.5 msecs. vmuld be a 

reasonable assumption. If this value is substituted 

into 3.3 along with the rotation rate of Jupiter (0-01°/scc), 

the source diameter for 10 m waves is found to be 

approximately l05km which is larger than Jupiter's 

of 7 x 104 km. Warwick's theory requires 

that the decametric radiation be generated in the 

ionosphere of the planet. Thus an !-pulse origin due 

to the beam pattern of a lar0e coherent source is 

impossible. McCulloch Anrl Ellis' theory sug~ests a 

sourr::e area very much s;nalL:r th(-!n the area of the 
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planetary disco If Io's shock wave in the ~agnetosphere 

is responsible for the decAmetric radiation as suggested 

by Gledhill, the sourte size would probably not be more 

than a factor of ten greater than Io's diameter which 

" • 1 t I 105 t_,. . egaln ls _ess nan ...... m. 

From the above it seems unlikely that the source 

could be large enoug~ to produce lobes which would ~weep· 

across the earth in less than a millisecond. 

This does not rule out a source which has a 

coherence time of the order of fractions of milliseconds 

or a source which is stimulated on this time scale. 

These two cases can not be distinguished by pulse length 

measurements or by long baseline correlation methods~ 

In the latter~ase the maximum source size for o:s milli-

second pulses would be 

0 ,... J r'>-3 C X • ;::; X .U 

::: 150 k1n, 

and in a dense magneto-ionic medium this estimate could be 

considerably too large7 This is considerably smaller 

"- T ' ' • ' b ; . . t. tl . + h ' r-tHan __ o s alameter tnere._ y e..Llmlna lng tllS me ..... oo ox 

production of I-pulses if the generation mechanism 

requires a source spread over Iots shock front as it 

passes through the magn osphere: 

(b) asurements of pulse length~ provide no additional 



information 1n the ccse n !-pulses 0~rg due to 

interplc~et~ry scintillations. 

previous section it is necess~ry t0 assume that the 
11 

SCiU ce is r:'ovi_ng v;i-t.J; a volcci ty oF 1C'-; kr::./sPc 

;t'ight vngles to the Farth-Jupi ter line a r:d that t[;;;~ 

spaced site experi~cnt capable of resolving velocities 
' 5 f .. .. , of gre2ter Than 10 km;sec woula be necessary 1n oroer 

to chech: whether the I-pulses v·ere a scintillation 

(c) It was found that the apparatus used could rot 

resolvE: 

P cr~n(1 d ,; ~' J...' . _, 

of 36 

e shortest pulse lengths. If it is assumed 

vvere due to frequer;cy drifti radiotion 

through the receiver oass band ~.vith a 
' 

drift rate 

/sec as sug~ested by Riihimaa (196Ba1 and Gordon 

bandwidth for the 

radiation which could produce a Oo5 msec pulse can be 

determined from 3 glOq For ;:; 5 ~ ... u_z 1 d -'-h · - ~· pass oan ~ e max1mum 

ndwidth is 13 kHz; This is in a rerment with Riih 

asured pulse lengths down to t~c limit of 

resolution of hjs instrument which wa~ kHz~- Thus on 

the' rc:sults 

I-pulses· could be due to frequency drifting radiation. 

The pulse lEngths measured w h a narrow bandwid 

I 

I 

I 
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vGluc wi!J d~crc~s0 until at so~e point the time ta 

.frr' t 1··r:·· ,..,.l, r:- ·, to dr-'·ft tl--·r'··u~r'' ..L)~e ~ r ~ U ~ ll ~: J:-' U .1. _, (:' . ..L > J. • U '::J 1 L l P c; ~ .;:, bend of tl;-2 

r·ecf"·iver is of the so:~;e order of mac:--dtude ;;1s this 
"' -

mini~urn pulse len9th. As lhe bandwidth is increased 

beyond this V5lue the pulse lengths measured will start 

to increase and the r:.i.n:irrurr: length will he determined by 

the n~width of the pulse and not th6t of the receiver. 

Puls0s which were found to have lengt 

than the limit of resolution of the apparatus thus would 

h3ve had bandwidths greater than lJ kH_z or would have had 

a drift rate less than J6 MHz/seco If the results 

( ; , . - , 
Flagg and Carr \l9o8) wi·to report measuring pulse lengtns 

I 

down to o:o2 msecs. wi a receiver having a bandwidth of 

100 kH~ are correct, then the radiation must have band-

widths down to 600 H~. In this case I-pulses must have 

bandwidths from 600 Hz to 50 kHza 

(d) If the Faraday effect at Jupiter is responsible for 

the I~pulses, rapid changesin polarization sense on a sub-

millisecond scale should be observable: For the rec::sons 

aiven 1n the last part of c pter 2, t~e d?~a obt nea 

.durirg the ~curse of this experiment arc not suit~tle for 

detn~:rti.n ing vJhether such chansJeS ace ur" r.1 i r ir:, urn se 

length of o:s msecs obtained requires that the phase 



- P6 -

in less th2~ ono milJisccun~~ 

hovv such c :i~"'s would !Je possible v.ri-Ll1 the r:~cdit;r;, remaj_ning 

uniform to 1 0·' - e -r 
-10'1 C:,) -- uired £or the Faraday rotation 

to be cLserv~ble, unJsss th~ sou~ce region is moving 
/ 

rapidly through the medium which is uniforQ. The source 

would have to be moving towards Earth to ensure unifo~mity. 

cc;rmot 

the lobes of t~bea~ pattern of a large coherent source 

being swept across Ea h cr tb scintillation effects unless 

the source nx;,ion moves with a hiCJh con~oonr-:>nt of velocitv - ~ r . ~ 

at right anJles -to the Ea:cth-Jupiter 1ine. Frr:::c;uency 

drifting radia1ion has heen seen to be unlikely unless 

+' J. l . . 
~ne generAclon mec1an1sm 1s capable of produci~g radiation 

to 600Hz. 'T' 1ne 

possible origins have been discussed separe":.o.:.;_y but there 

is no reason for ~"Xcluding combinations of the mechanisms. 

tY •• h. (lC'O' \ , r , ll,,Hnaa )600; SUCJ'18ST,S i uency drifting .radiation 

with scintillation effects superimposed as a possible 

Among the possibilities not excluded are stimulation 

of the source on a millisecond scale either in the fo~~ c~ 

jntensity modulation at the source or as the result of ~ 

) 



coherence ti~c of t~is 

c a given frc~c~ncy ~auld 

S l10VV 0 

but herA there would be some c~rrelation at separ~te~ 

frequencies with a delay b 

The drift rate ~auld be dete 

I~ the I-pulses are due to a Farad~y eff0ct 

a(tivity at a given frequency would tend to anticorrelate 
' 

while there would be sose relation between activity at 

' closely spaced frequenc s. 

~ith these dis·tinctions between different 

for tlw I-'· pulses in m:i nd it :Ls suggested that the foLLowing 

would provide a suitable J.. ..I.. ~ .. 
L.2SL. Ot the theorieso 

must be made simultaneously over a r2n~e of frequencies 

c OVE'l~:l..ng a bout 100 kHz in order to ensure that t 

pulse is not observed over the who 

a swept frequency receiver or a number of receivers 

spaced in frequency by 10 to 20 kHz could be usod~ In 

orcl er to resolve pulses v!i th a d ur:-::;tion of o·:2. mill isc::conc; s 

t~e sweep repitition r~te for a swPpt frequency type 



!:. I lO';scc 2~~ even in 

must he recorded ~t le~st at one frequ0ncy in t~e r0n;e 

and preferably at all,. Using tte distincticns listed 

provide some information on the nature 

of the I-pulses. le form of t~is exporiffie~t 

been run on sevF.~ial occasions during the e.:uly pa~t o·f 

the 1968-69 apparition. Both circul~r co~panents were 

observed at frequencies separated by 100 kHz and the 

outputs ~ecorded on tape. 

however recordeda 

Other work worth doing would-be observations with 

wide b2nd receivers (lCO kHz or ~ore) in order to 

decrease- tr.e minimur1 mea s u:ca ble length. SpacE:d 

resolving velocities greater 

provide useful information should 

the pulses be due to scintillation effects. 

J .. 
f 



In this chaptPr the results of calculations 

perfoimed on the longer term variations in the probabiJity 

of Jovian decametric activity will he presentedo The 

first sect~on deals with variations over a period of 

sevPral years vvhile the second section discusses tLe 

veriation of probability during a single apparition~ 

It is found that the occurrence probab ity changes 

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

minimum while in 1964 it reached a maxlmum which sugJests 

a cyclic variation with a period of about ll or 12 years 

and it has been suggested that the solar activity cycle 

or the rotc-,tion of Jupiter round the sun could be the 

cause of thi~ variation. This is the first effect 

v1l~ich will be disc:ussE:d .. The second is the observed 

decrease in probability after opposition. This could 

be due to the influence of the maxi~um usable frequency 

of the Earth's ionosphere on Jupiter reception or to 

radiation from Jupiter:s magnetospheric tail, if it has 

one, bein~ obscured after opposition. 

The data obtained by the Rhodes University 

observotory would he unsuitable for the types of 

analyses reported here owina to its discontinuous nature. 

To be able to compare prohabilities for d ferent years 

it is necessary that the equipment used be essent lly 
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unchanged as chang~s in scnsi~ivity could have a m~rked 

effect on probability of occurrence. Observ::1tions of 

Jupiter have br::en in progress here since 1962 but during 

·thl"s p~-.Liocl tl1e sl"te 0£ the rh~orv ~-~v 'n s +-l·ce ~ ~ _ _ 1 - .11 u u ::o . a to u ~ 1 1 a "vv - been 

changed and different receivers have been usedo The 

most suitable data for thi_s sort of 0 na lysis is that of 

the High J\lti tude Observatory in Colorado~ The 

spcctographic records obtained there havo heen ana eel 

..., n -1 -'- I., e r ~ s u] ·'·· -: ,..., ~ ' - .l_ a u b ll. s 11 e d nl U Ll.1. ...~...~:---' ~ t....J..l.i'-::} Od L p J. -:: • 

1964, Wanvick (, DulR 1965~ l966L The published data 

for each elate includes the follovdng: 

(a) the period during which Jupiter was observed, 

(b) the period during which Jupiter was active, 

(c) the intensity of the storm on a scale of one· 
to three, 

(d) the ~urstiness on a scale of one to three, 

(~) the maximum and minimum frequencies at which 
activity was observed, 

(f) the system III longitude range for activity 
periods. 

In addition to th2 published data Hhodes University 
required microfilm records of the sprictogr2ms for the 

central part of each apparition and these are currently 

being analysed in greater detail than the published 

duta. 

J 
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the change in prnb=<::ility of oc.cu:r.Tence on a 

scale of ye~rs has b0cn associa~ed with the sunspot cycle 

b , I 1-. y many observers ~see tor exalilple Carr et a l 1961). 

In 1966 howP.ver Gul kis CJ nd Carr ( 1966) s:wv:ed that the 

v~riation of the declination of earth as seen from 

Jupiter offert'd u better corr<:'lation VJith the obsr:rved 

prob~bility variation. The minimum probability 

coincid0d well with the time when earth was at its 

furthest south relative to Jupiter's e;-:;uatorial plane, 

They su-gested that tile radiation w~s confined to a beJ~ 

The probability of 

occurrence in this c0 se repro sents tilz;t frJction of time 

in which ~art~ was within this beam: model 

they could explain the observed changes in source width 

in terms of the amount.of time Earth spent within the 

beam and the apparent chc::nge in rotation rate C0 1 tld be 

interpretsd as a cyclic motion of the sources relative 

to a system of longitude defined as h&ving a pe ad of 

9 hrs. 55 min. 29o67 seconds and coinciding with System 

TJ! (1957:0) at 0000 hrs. on lst January, 1965. This 

longitude system they called System III (1965.0). To 

tc the model they used the fixed fr uency observation 

data of the University of Florida. This section 1s an 
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atternpt to extend their an,"llysis to a vvider fr uency 

Bath W~rwick:s and ElJis's theories of the origin 

of dPcametric bur~ts predict that the r~diation will be 

bp;.Jmed along thE: field line direction at the source. 

f\1 though subseCJuent refraction and reflection of the 

rAdiation in the magnetosphere and the ionosphere w~ll 

alter thE· direction of beaming,· the direction in which 

the beam emerges from the magnetosphere will be deteroined, 

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

source. In addition both theories require that the 

radiation be generated near the gyrofrequency at the 
-

sourceo Hi~her frequencies will thus be generated 

closer to the ~lanet and will thus be beamed along a 

different direction. The beam or sheet of radiation 

at a par~icular frequency will be fixed relative to the 

magnetic dipole axis. Whether Earth is in one of the 

beams will thus be deter~ined by the position of Earth 

relative to magnetic field-~.:· This is conveniently 

expressed in terms of the magnetic declination of Earth 

'.vhich is defint::d as the ar.qlc~ betvvecn the Jupiter- Earth 

line and the magnetic equatorial plane of Jupiter, with 
'· positLtc· angles measured no:cthvvardso 

If the magnetic dipole axis is assumed to be 

inclined at 10° to the rotational axis as suggested 

t 
r 
I 

I 
I 

I 
t 
! 

I 

I 

I 
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at a pa icular frequency is received will change .·as· t. 

ranse of magnetic declination swept out is moved by the 

channe in ordinary declin6tion of Earth. 

d ole axis lying in the plane containing the 

III meridian this will mean that radiation is received for 

t~~t central meridian 

A:;:: 2oo+ 

longitude ~ for ~ch 
( fo - D;:: J 

arccos ( --,-r;---) 
( .Ll.i ) 

;,vhere D,.· is th~ declination of :::arth and ~() is the J-:. 

magnetic latitude of the beam. One consequence of this 

is that the central meridian longitude for the centre o~ 

each sourte will change with frequency and with the 

declination of Eartho 

T . • 
- 'C :l.S more difficult to make predictions based on 

the Gledhill model of the magnetosphere as it is assumed 

that beaming is due to refraction effects in the dis~: 

It is suggested that the radiation could be confined to 

cones above and below the disc. This sug~ests that 

rec ion of radicJtion \"'ill be relatEd to the declinc;ti.Nl 

'\ 
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arna in th~ magneti~ decli02tion-frequcncy plane b0und by 

the m~ximum and minimum frnquenci0s lnd hy the magnetic 

declinJtions at the start and end of the storm. Thj. s is 

far from bring the true distribution of activity with 

frequency and magnetic declination and so care must be 

taken in interpreting the plots: Only activity which 

occur-r(C>d when the centr.c1l meridian longituoe fell betvJeen 
0 ' 0 

200 and 20' has been included in this analysis. There 

are fewer storms from the other hemisphere resulting in 

poorer statisti~s. 

not been incl0ded: 

' pCriKSQ 

The cHrigrams for th,Jt region have-

They tended to have more isolated 

Only those paits of the curve have been included 

which fell between the maximum and minimum declinations 

reached on at least two third~ of the observed rotations. 

Deyond the~e limits the results are statistically 

unreliable., 

One feature 3bout which there can be no doubt 1s 

the considerable variation of probability at a point 

in the frequency-magnetic declination plane from appa~it n 

to apparition" Comparison of figure~ 4.3 and 4.4 shows 

th0t the prob~bility at most points in the plane era~) by 
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a fa~tor of at least a h~lf ov0r a period of one ar. 

not detenni~ed solely 

by the declination. of +Jw Eartho 

It hos br>r>n 

course of a sin9le app2rition the obser~ing profile over 

the Io posit~on - central meridian anc will be reasonably 

uniforr.:. The following check shows that this is not a 

major cause of the probabiJity va ation. All the 

V.':O S 

divided into To-r-elated andn:m Io-reL3ted evP::-1-ts accor-ding 

Io related evP.nts 

showed a decrease of about .8% in tot2l dura·tian fr6m 1963-64 

to 1964-65 while non Io-relatod events 

In 19G3-64 ab6ut 1/5 o~ all activity was Io-rel3ted where2s 

during the following apparition half the activity was 

Io-related. It is obvious froril this tl1at ·:it is the events 

not rela d to Io which determine the change in probability. 

The coffiparison presented here is between the two extreme cases 

but the conclusions ~re valid for all years. The ~uration 

of To-related activity changed little from apparition to 

were comwon. 

fv:; tho observing period vias (.]t timc:s larrj(':i:' tl1,:1r: 

the rototion period of Jupiter the probability voriations 
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cannot bo due to an unf~vour~ 2 central ~eridian 

obsurvin~ profile. There must be so~c other factor 

whith detor~ines th0 probabil~.ty of ocsurr2nce and ~- ich 

Io independent activityo 
, . 

o J..a,::Jrams 

increasing declination at 

any po:·ticular frc.::'"'[c;ency as expec-:.:.r?d~ At most 

:• nd pa ~.cula rly frequenc s the 

con~i~ues to increase till ·t, 

reli~ble declination is reached. on:~, evidence oE 

3 p~.:;7lk co::H.~on to all dist butions is tiw peak <'it 18 

~0 0 and 1 or 8 declination. 

18 ~~~ on most d grams wtich however a~re0rs to dri ~n 
, 

rnognutic declination of Earth relative to the rotaticn:~ 

equator. of d ft 

gradual decrease in probability 

with increasing frequency as would be expected. 

Most storms d±ift iri~frequency with time a so an 

a~~lysis of the kind done here where each storm is represe~~ 

bv a rectanole c~n show little of the fine structure. 
~ ~ . . 

For t is reason the analysis was rep0ated with t~e originnl 

spectograpl;d.c d<'1t<3 re:onal~·sed in the following v1ay ~ 

Instead of assigning a maximum and minimum frequency a~d 3 

sta ing and ending t e to eac~ storm, the spectra wer~ 
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ana 1 y s c:: d i rl z fre~ucncy steps. A st?rt~ng and ending 

activity separAted .bY quiet periods of half an hour or 

longer being assigned separate sta ing and ending times 

even though activity m' ht be continuous at other 

frer:;uencies. This re-analysis is unfortun~tely not 

complete at the time of writing,but data fort 1961-

ion and for p5rts of· the followin~ two 

appa tions are available~ 

Figure 4;6 shows a magnetic declination~frequency-

probability plot for esc dota for the longitude range 
0 , 0 . 0 . 

20C through 300 to 20 • Figure 4.7 shows the sa~e p1nt 

but with the System III (1965:0) longitude system of 

Gul kis a;1d Carr used in place of the ( 1 ?57·:·o) systu.-1. 

The contours are similar to those for· the other figur2s but 

show a few impottant differences: It is likely that the 

decrease in probability at +9° declination is not real but 

a result of the poor statistics: 

Both distributions shovv at peak in the 17 MHz 

probability at about +7° declination. The System III 

'ln6~ Q) dl·~~r~'ou+l'nn \ ';J v" J ~G-..L. ,, u.J has tl-~e peak d laced tovvards 

lower declinations by about 1°. The width of the peak 

in both c~ses indic~tes that the majority of the radiation 

confined to a beam with a width of about 3 degrees 

meusured to half thE: maximum iah·t above the avera 
-::;;"' ' 
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probability at 17 MHz. 

It is possible that +' .. ne shift 

to hi<Jhcr f:rC'r;ucncies \'Ji-Lh incre-:::sing declinat: on. ~igure 

4o8 shows the probability distiibutions with fre~uency for 

e a c h of t h r: high E: r d c~ c l in o t i on s for w hi c h only a f ev; 

observations we~e made. These .s·how that the 

shifted to 23 MHz. At frequencies above this the probability 
W 11'H t7 f\lriVETI<. '1> £''-I Ill ATI HI 

shows the same continuous increase~mentioned earlier. 

The data used to obtain figures 4.6 and 4o7 did not 

cover a sufficiently long period of time for it to be 

ce ain that the beaming is a real effect. Should the 

peaks chanGe position by less than the ch~nge in ordi ry 

declination over several years then the beaming would be a 

real effect. Ahalysis of the data for years during which 

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

the beaming should prove to 

'"0 1 '1-4 be "n l'mnor.._1=ln+ "Onsl·d·,~ratl'on -in 1;~,,-ru·.~e +l:eor.l'as r_,Or v·• -" U ' CJ ,, tJ , ~c. .., ~~ .-:: • - ~ '-" v _ "'" ~ ~ _ 

the origin of the radiation. 

Although distributions have not been shown ~or the 

Gled 11 model of the ' h 'l d' ' 'j t' magne~osp. ere Tne · lSTr~ou 1ons would 

not be v2ry different from the above. The declinations 

~e~sured from the plane '-1-- d. l 1 ' . b ., 4 ° . ~ ' -,~,Je lS:( on_y cnange y .1. pe.~. 

revolution of the planet. Thus for a period during which 

the declination ative to the rotational axis changed 

little, the distribution would be similar to those 

but with the range of declination compressed. 
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Io ich is ~ore Jctiv? 

c tail 

could provide such a ~ech~nism. 
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It is known that the 

decametric storm being rece Pd at Parth is very dependent on 

the lonaitude of the central ,., r;:crldlan at Jupiter and on the 

posit n Io in its orbit. On the basis of these relations 

it is possible to make fairly reliable predictions the 

vvhen. Jupiter activity is most likely. 

shows a plot of probability of emi~sion against system III 

longitude of the central meridian and departure of Io from 

superior geocentric conjunction. (from Dulk 1965)o It can 

seen that two rectangular blocks enclose nearly all points 

in the central meridian longitude - Ia phase from superior 

acentric conjunction plane where the probability is greater 

The ~rediction charts used consisted of tables 

showing all times when Jupiter and Io had coordinates in 

-these rectangleso 

Till .June 1968 Florida State University provided the 

prediction chatts used. After this date a programme for 

Rhodes University's I. C. T. 1301 computer vras written by the 

author and Mr. N.J. Attridge to produce similar prediction 

charts. A specimen print out is shown in table A·:1 and a 

key to thi~ chart is given in table A.2. The chart also shows 

the transit time of Jupiter at a longitude of 30° east of 

nwich. Transit time at Grahamstown is 14 minutes later. 
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------------------~ 

I 
0 Central Meridian longitude 100-180 

11 Io position 70-110 
10 B source prediction 

1 Central meridian longitude 
I 

210-350 
i A I Io position 220-260 
1 J 1 /\ and C source prediction::? • 

.... l ____ j -·. ---·-----·---····~""'•• 
' Abbreviations used on prediction charts:· 
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Cyclotron r~diation g~nerates a wave at'.the gyro-

frequency. If the electrons are streaming along the field 

line in addition to rotating .=~bout it, the ·radiation under­

goes a Doppler shift with the forward going wave being 

increased in frenuency and the backward. going wave being 

decr~as ed in frer;uency. 

The 1-\ppleton-Ha rtree formula for a collisionless 

plasma shows that the refractive index for propagation 

along the field line at frequencies greater than the 

cyclotron frequency is Qiven by 
2 X 

n :::: 1 - l+Y 

where X and Y are the usual Appleton p·arameters 

(Budden 1961); From bis it can be s~en that the refractive 

index is imaginary unless 

X ( 1 + Y 

or, substituting for X and Y and solving for the 

wave frequency f, unless 
f > f H + l,...i_f H--.2.,.----+_f_N-=2,...:,1 :::: f x 

where fH == cyclotron frequency 

fN == plasma frequency: 

From B·:~l it can be seen that fx > fH; It can be 

shown that B~l 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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