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An analysis of the bandlike Jovian decametrie emission is presented. A model 
for the active region that accounts for the observed radiation characteristics is 
described using the measured parameters of the bandlike emission and a model of 
the Jovian magnetic field. The active region is characterized not only by the fact 
that an upward-flowing electron stream is caused to radiate in this region, but the 
stream itself is broken into radiating electron bunches within the active region. 
Observed undulations of the emission band on the time-frequency plane are 
interpreted as motions of the active region along a flux tube. The instantaneous 
location of the active region along the flux tube shows a dependence on the density 
of the stream entering the active region. The mechanism responsible for density 
modulation of the stream appears to be common to both the bandlike and simple- 
S-burst emission types. 

I. INTRODUCTION 

Jov ian  dynamic  radio spectra have been 
studied by  m a n y  observers (e.g., Warwick,  
1963; Riihimaa,  1964; Warwick  and 
Gordon, 1965; Krausche  et al., 1973; Ellis, 
1973) using a wide range of  t ime and fre- 
quency resolutions. 

Emission envelopes viewed on the t i m e -  
f requency plane are complicated by  source- 
related modula t ion  lanes, in te rp lanetary  
scintillation and the effects of  the Ea r th ' s  
ionosphere on wave polarization. The emis- 
sion type,  modula t ion  lane drift  rate and 
drift  sense, and overall s torm drift charac- 
teristics show a dependence on both  )hi, 
(Jovian System I I I  (1965) longitude;  ro- 
ta t ion  period 9 h 55 m 29.71 s) and ¢io (depar- 
ture  of  Io f rom superior geocentric con- 
junction).  

Ac t iv i ty  associated with the I o - B  source 
(90 ° ~< )tl, I ~< 200 ° and 60 ° ~< ¢,o < 120°) has 
been under  s tudy  at  the Univers i ty  of 
Florida since 1969 with a variable resolu- 
t ion t ime-expansion radio spectrograph.  
The general results of  this s tudy  and a de- 
scription of  the spectrograph have been 
presented by  Krausche  et al. in an accom- 
pany ing  paper. Among  the spectral classi- 
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fications of  the individual events recog- 
nized in high resolution (3.2 kHz  and 0.3 
msec) spectra is the "bandl ike"  emission 
described by  Ri ihimaa (1971). The objec- 
t ive of the present paper  is an analysis of  
this emission type  and the development  o f  
a quali tat ive model of the active region 
t h a t  accounts  for the observed radia t ion 
characteristics. 

I I .  THE BANDLIKE EMISSION 

Figure la  is a low time-resolution spec- 
t rog ram of the bandlike emission. The re- 
ceiver bandwid th  was 500 kHz, centered 
at  26.3 MHz, and the an tenna  was the 640- 
dipole linearly polarized ar ray  located a t  
the Univers i ty  of  Florida Radio Observa- 
tory.  The emission bandwid th  is seen to be 
on the order of  350 kHz  and the event  dura-  
t ion is at  least 8 seconds. During this t ime 
the emission band  exhibits less than  50 
kHz  drift. 

A t ime-expanded 150 msec segment  of  
Fig. la  has been produced and is shown in 
Fig. lb. The overall emission band  is seen 
to oscillate over a f requency range of a few 
hundred  kilohertz on a t ime scale of  ten~ 
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of milliseconds. The instantaneous emis- 
sion bandwidth of 350 kHz remains rela- 
tively constant during the oscillations. In 
addition to the oscillations, the emission 
ceases abruptly across the entire band at  
certain times. Jus t  prior to the times when 
the emission stops there is a rapid upward 
turn (toward higher frequencies) of the 
band. 

The overall emission band, going from 
high to low frequencies, is seen to be divided 
into three distinct regions : 

(1) Continuous Emission 
(2) No Emission 
(3) Subburst Emission 

These regions are delineated in a sketch 
[see Fig. lc]. 

Region (1) is simply an undulating band 
of continuous emission having an instan- 
taneous bandwidth of approximately 120 
kHz. 

Region (2) is evident not merely as a gap 
in the emission, but in fact it appears to be 
a transition zone between the emission 
types of regions (1) and (3). 

I t  is highly unlikely that  region (2) is 
due to Faraday effects introduced by the 
linearly polarized receiving antenna. I f  
this 120-kHz wide region were a Faraday 
minimum one would not expect the emis- 
sion character above and below region (2) 
to be different. 

Region (3) emission is composed of sub- 
bursts sweeping downward in frequency. 
The subbursts in the spectrogram of Fig. 
lb have the following average charac- 
teristics : 

(a) Drift rate = -27.5 MHz per second 
(b) l~epetition interval = 3 msec 
(c) Instantaneous bandwidth = 20 kHz 
The lifetime of each subburst is approxi- 

mately 4 msec, during which it drifts 
through some 110 kHz. Viewed along a 
constant time line, 3 or 4 subbursts are 
seen simultaneously, separated in fre- 
quency by approximately 45 kHz. 

Using the measured parameters of the 
bandlike emission and a model of the Jo- 
vian magnetic field it is possible to derive 
a model for the active region that  will 
account for the observed radiation 
characteristics. 

III .  MAGNETIC FIELD MODEL 

I t  will be assumed that  the observed 
radiation is generated along a flux tube on 
the L = 6 shell at, or close to, the local 
gyrofrequency in the Jovian magnetic 
field. A centered dipole having a magnetic 
moment of 10 Gauss Rj 3 will be used for 
simplicity. Krausche et al. in an accom- 
panying paper have shown that  a dipole 
having this moment produces drift rates 
which differ by less than 10%, in the deca- 
metric emission region, from drifts rates 
calculated from the multipole field values 
obtained from Pioneer 11 measurements 
by either Acuna and Ness (1975) or E. J .  
Smith et al. (1975). 

IV. THE ACTIVE REGION 

The active region will be defined as tha t  
region along the flux tube which encom- 
passes all local gyrofrequencies instan- 
taneously contained within the bandlike 
emission between the high-frequency edge 
of region I and the low-frequency edge of 
region 3. 

A. The Active Region Location 
Based on the given magnetic field model 

and the assumption of gyrofrequency 
radiation, the active region is found to be 
located in the vicinity of magnetic colati- 
tude 27 °, at a radial distance of 1.24 Rj 
from the dipole center. In this region of the 
Jovian field a 1-km change in position 
along the flux tube corresponds to a 1-kHz 
change in the local gyrofrequency. 

B. Dimensions of the Active Region 
The instantaneous bandwidth of the 

bandlike emission has been measured to 
be 350 kHz. The active region therefore 
extends for 350 km along the flux tube. 
Emission regions 1, 2, and 3 have corre- 
sponding dimensions within the active 
region of 120 kin, 120 kin, and l l0  km, 
respectively. 

The active region is depicted in Fig. 2. 
At a given instant there is radiation from 
three areas between points C and D. These 
areas correspond to the instantaneous fre- 
quencies of the three subbursts seen simul- 
taneously in region 3 of the spectrogram. 
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F~(.. 2. The bandlike emission active regmn. 
Dark ureas along the flux tube correspond to the 
instantaneous location of emission regi<ms. Coa- 
tinuous emission is observed from region (1); 
subburst emission from region (3). 

Since the subbursts are seen to drift 
downward in frequency, it is suggested 
tha t  they are produced by upward-stream- 
ing electron bunches, three such bunches 
being instantaneously fixed in position 
between points C and D in Fig. 2. The 
subburst  drift rate o f - 2 7 . 5  MHz per 
second indicates tha t  the radiating elec- 
t ron bunches are streaming upward with a 
velocity (vii) of 27,500 km/sec. (0.092 c). 
The instantaneous bandwidth of 20 kHz 
of each subburst corresponds to an elec- 
t ron bunch size of 20 km along the flux 
tube. The instantaneous subburst separa- 
tion of 45 kHz indicates tha t  the electron 
bunch centers are separated by 45 kin. 

At a given instant all gyrofrequencies in 
the active region between points A and B 
are being radiated, while there is no radi- 
ation between points B and C. The result is 
observed as continuous emission in region 
1, and as no emission in region 2 of the 
spectrogram. 

All emission is observed to cease abruptly 
at certain times. These emission dropouts 
create temporal boundaries to the subburst 
and continuous emission regions [see Fig. 
lb]. The slopes of these boundaries are 
identical with the slopes of the subbursts. 
Therefore it appears tha t  the elect, rons be- 
tween points A and B are part  of an up- 
ward-flowing stream having the same 

velocity (vl~) as the electron bunches lo- 
cated between C and D. I t  also appears 
tha t  the electron stream has been broken 
into small bunches between points B and 
C of the active region. 

The bandlike emission active region is 
characterized not only by the fact tha t  the 
upward-flowing electron stream is caused 
to radiate in this region, but  the stream it- 
self is broken into radiating electron 
bunches within the active region. The size 
of these bunches (20 km along the flux 
~ube) suggests tha t  they may be radiating 
coherently to produce the observed emis- 
sion intensities. I f  this is true, the subburst 
durations of 4 msec are a measure of the 
coherence time in the electron bunches. I f  
the streaming electron bunches are radi- 
ating cohcrently as they exit the active 
region, then it is probable that  the conti- 
nuous emission observed from the electron 
stream (region 1), before it is broken into 
radiating bunches, is also coherent. 

The active region may be the location of 
a hydromagnetic wave interaction with the 
upward flowing electron stream. 

V. ELECTRON STREAM DISCONTINUITIES 

The electron stream flowing up the flux 
tube is not continuous, as is evidenced by 
the emission dropouts (which created the 
temporal boundaries). These dropouts 
are probably due to low or zero-density 
segments of the stream passing through 
the active region. Since (v ~l) is known, the 
dimensions of the stream gaps and the 
stream lengths between gaps may be 
computed. 

Using a rather small data sample con- 
taining 27 dropouts, it was found tha t  the 
mean time between dropouts was 42 msec 
and the mean dropout duration was 21 
msec. The mean stream length between 
gaps is therefore 1092 km, while the mean 
gap length is 546 kin. These dimensions 
apply only in the vicinity of the active 
region, since streaming velocities along 
the flux tube are not constant. 

V'I. TKE UNDULATIONS 

I t  has previously been noted that  the 
overall bandlike emission oscillates or un- 
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dulates in frequency over a range of a few 
hundred kilohertz on a time scale of tens of 
milliseconds. The undulations observed 
on the spectrogram are probably due to 
movements of the active region itself along 
the flux tube. Overall emission band drifts 
from low to high frequency imply an active 
region velocity along the flux tube inward 
toward the planet. Emission band drifts of 
100 khz in 20 msec are typical. This drift 
rate of 5 MHz/sec indicates an active- 
region velocity of 5000 km/sec along the 
flux tube. 

A. Cause of the Undulations 
I t  has been postulated (Section V) that  

the emission dropouts are caused by the 
passage of low or zero-density segments of 
the electron stream through the active 
region. I f  such stream gaps exist, they are 
certainly bounded by regions of rapidly 
changing electron density. As a stream gap 
flows into the active region it will be im- 
mediately preceded by a sharp decrease 
in electron density. At these t imes-- just  
prior to a dropout-- the emission bands 
always swing rapidly to higher frequencies. 
I t  may be implied that  the undulations 
are caused by motions of the active region 
tha t  are dependent on the local electron 
stream density. 

B. Power Spectrum of the Undulations 
The power spectrum of the emission- 

band undulations has been determined for 
a 1.3-second segment of data. The boun- 
dary location between regions 1 and 2 was 
measured at 18-msec intervals along the 
spectrogram. During emission dropouts a 
smooth curve was used to connect boun- 
dary points on either side of the dropout. 
The interpolations across the dropouts 
amounted to 33% of the total number of 
data points read from the spectrogram. A 
Fourier transform was then performed on 
the boundary location data points to ob- 
tain the undulation power spectrum. 

The power spectrum presentation (Fig. 
3a) is nonstandard in tha t  the abcissa has 
been divided into period intervals to allow 
comparison of the power spectrum with 
histograms obtained for S-burst separa- 
tions. The simple S-burst has been charac- 

terized by Krausche et al. in an accom- 
panying paper. Such bursts often occur 
periodically, at which times they are 
termed "quasiperiodic" (Ellis, 1973). I f  
each simple S-burst is caused by an elec- 
tron bunch streaming through an active 
region located along the flux tube, then the 
burst separations are a measure of the elec- 
tron-bunch separations along the flux tube. 
The electron bunches may be described 
as density peaks in a density modulated, 
upward-flowing electron stream. The 
modulating frequencies are determined 
by making a histogram of simple S-burst 
separations as has been done in Fig. 3B. 
The S-bursts that  were analyzed to pro- 
duce this histogram were observed during 
the same apparition (1972), and at the same 
frequency as the bandlike emission de- 
scribed in this paper. Both emission types 
occurred during Io-B activity. I t  is ap- 
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FIG. 3. (a) Power  spec t rum of the  undula t ions  
observed in the  bandl ike  emission. (b) H i s t o g r a m  
of simple S-burs t  separat ions.  :Data for bo th  (a) 
and (b) obta ined  a t  26.3 MHz  dur ing the  1972 
appar i t ion  of  Jup i te r .  
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parent from Fig. 3 tha t  the simple S-burst 
separations are on the same time scale as 
the undulation periods of the bandlike 
emission. The mean undulation period is 
38.6 msec. 

I t  has been proposed that  the undula- 
tions are caused by density variations 
along an upward-flowing electron stream 
(Section VI, A). I f  this is indeed the case, 
then the undulation power spectrum is a 
measure of the density modulation frequen- 
cies exhibited by the electron stream as it 
flows through the active region. The simi- 
larity of the undulation power spectrum 
and the simple S-burst separations implies 
tha t  the mechanism responsible for the 
density modulation of the electron stream 
is common to both emission types. 

VII. SUMMARY 

The bandlike emission active region has 
been characterized as the region along a 
flux tube tha t  causes an upward-flowing 
electron stream to radiate at or close to 
the local gyrofrequency. Within the active 
region the electron stream appears to be 
broken into small radiating bunches. The 
size of these bunches (20 km along the flux 
tube) suggests that  they may be radiating 
coherently to produce the observed sub- 
burst emission intensities. I f  this is true, the 
subburst durations of 4 msec are a measure 
of the coherence time in the electron 
bunches. 

The instantaneous location of the active 
region along the flux tube shows a depen- 
dence on the density of tha t  segment of the 
electron stream entering the active region. 
Decreases in the local stream density are 
evidenced by the active region moving in- 
ward along the flux tube, toward the 
phmet. The stream density variations 
which cause the observed undulations of 
the emission regions occur before the 
stream reaches the active region. The 
mechanism responsible for the density 

modulation of the stream appears to be 
common to both the bandlike and simple 
S-burst emission types. 
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