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Cf.[APTER I 

:INTRODUCTION 

Jupiter 1s sporadic decametric radio emissions, discovered by 

Burke and Franklin [l] in 1955, have been eagerly recorded and system

atically analyzed by University of Florida physicists since 1957. Fol

lowing the inspiring leadership of A.G. Smith, these scientists are 

attempting to compile information sufficient to suggest a suitable 

physical model for the origin of the no-longer strange Jovian signals. 

Successive dissertations of T. D. Carr [2], N. E. Chatterton 

[3], N. F. Six [4], and G. R • . Lebo [5], have dealt primarily with the 

gross statistics of the experimental data. The purpose of this work 

is to amplify the previous papers through a consideration of the 

"fine structure," so to speak, of the reams of data which have been 

collected at Biven1s Bank. Thus, where Six [4] and Lebo [5] discussed 

exhaustively Jupiter 1s radiation probability and intensity, here will 

be treated the complementary material: the morphology of the Jovian 

bursts in the time and frequency domains. 

Specifically, the dynamic spectrum analyzer, set up by Chatter

ton [3] in 1960, has been improved through replacement of the cumber

some, inefficient, immobile rhombic antenna by an automatic tracking, 

broad-band, log-periodic structure [6]. The miles of film produced 

by this instrument since Chatterton's publication of 1961 have been 

1 
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analyzed for spectral characteristics of Jovian emission and are reported 

later in Chapter II. The 22 Mc/s interferometer has been used to search 

for a radiation continuum emanating from Jupiter, the results appearing 

in Sec. III.l. Likewise, the high-speed oscillograph records have been 

examined for pulse duration characteristics as discussed in Sec. III.2. 

Finally an attempt has been made to learn the effect of the Earth 1 s 

ionosphere and magnetic field on the Jovian signals by a study of the 

signals received from a beacon satellite, S-66, orbiting outside the ter

restrial ionosphere, as reported in Sec~ III.3. 

Possibilities of the contrary notwithstanding, it is certainly 

hoped that the information documented here will speed the evolution of 

a suitable explanation for the origin of Jupiter 1s decametric radio 

bursts. 



CHAPTER II 

THE COLLECTION AND ANALYSIS OF 
JOVIAN DECA:METRIC SPECTRA 

1. Background 

N. E. Chatterton, as part of his doctoral dissertation research, 

set up the University of Florida radio spectrograph in 1959, first 

observing Jovian decametric spectra on February 3, 1960. His disserta

tion [3] included many photographic reproductions of typical spectra 

observed through April 27, 1961, along with exhaustive descriptions of 

their characteristic features. Available at the time were spectra con

tained in some 2100 feet of 16 millimeter movie film. Chatterton noted 

particularly that bandwidths of the bursts ranged from 0.1 to 3 Mc/s, 

and that individual pulse shapes ranged from sym.~etric to nondescript. 

The tendency of the individual pulses to bifurcate was pointed out, and 

the general peaking or fringing fine structure was examined in detail. 

The continuing interest of the Florida group in Jupiter's spectrum is 

well known [7, S, 9, 10]. 

A portion of the present work includes the extension of the 

spectral collection and the accompanying analysis. Much of the new 

spectral data have been taken on an improved version of the original 

Florida spectrograph. Figure 1 is a block diagram of the equipment. 

During observations Jovian radio signals incident on the log-periodic 
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antenna are preamplified, then displayed as an intensity versus fre

quency plot on the cathode ray oscilloscope tube of a commercial spec

trum analyzer (Panoramic Model SPA-3). At the discretion of the 

observer, the center frequency may be chosen between 13 and 23 Mc/s, 

the spectral sweep width between 0.25 and 4 Mc/s. Desirable data are 

recorded with time of occurrence on 16 millimeter movie film (Bolex 

Model 16R Camera, Eastman Kodak Tri-X Negative Film) at the rate of 

12 frames per second. The principal modification to the original sys

tem was the replacing of the fixed rhombic antenna with an automatic

tracking log-periodic dipole antenna constructed by M. L. Fagerlin [6]. 

The reasons for.changing antennas included increased observation time, 

i..~proved efficiency, broader system bandwidth, and the determination of 

whether spurious ringing in the rhombic antenna system caused the peak

ing observed on Jovian spectra. The timer was changed from a minute 

counter to a clock displaying hours, minutes, and seconds. The framing 

rate of the camera was increased from 4 to 12 frames per second to help 

preserve quick-changing spectral effects. 

Figures 3 through 16 include reproductions of characteristic 

examples of the collection which now contains approximately 8700 feet 

of 16 millimeter movie film, including data through December 21, 1963. 

Since Chatterton's study some new types of Jovian spectra have been 

identified, and the .larger data sample available now enables one to 

more satisfactorily classify the spectra. In Sec. II.2 the spectral 

collection examples will be described in detail. Then in Sec. II.3 



6 

the peaking or fringing phenomenon will be analyzed. A comparison with 

other workers' results follows in Sec. II.4. Finally, Sec. II.5 con

tains a discussion of some troublesome spurious spectral effects. 

2. Description of Jovian Snectra 

The discussion of the features of Jovian spectra is expedited 

by the following brief description of the audio envelope of these radio 

signals. Jupiter 1 s decametric radio storms appear to a terrestrial 

radio telescope as groups of pulses of electromagnetic energy, spaced 

randomly in time. The length in time of the individual pulses ranges 

from the order of milliseconds to tens of seconds. For analytic pur-

poses the storms have been arbitrarily classified as 11 fast, 11 11 normal, 11 

or 1lslow, 11 depending on whether the bulk of the pulses in a storm are 

of the order of approximately 0.1 second and shorter, 1 second, or 

several seconds in duration, respectively. These classes of Jupiter 

pulses are often referred to as 11 popping 11 or 11 spitting Jupiter, 11 

llswishes, 11 and 11 long rollers. 11 In Fig. 2, after Mock [11], typical 

high-speed oscillograph records of each type of Jupiter storm are shown. 

Slow pulses appear in the top strip, the center strip is a recording of 

normal Jupiter, and the lowest record depicts fast Jupiter activity. 

The characteristic names are derived from the sound of the 

storms as heard over the loudspeakers of the observatory. The normal 

swishes sound somewhat like ocean waves breaking on a distant beach. 

The fast pulses sound similar to the popping of popcorn in a covered 

pan. The slow rollers are detected as a slow change in the intensity 

of the hissing sound due to the galactic background noise and are 
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sometimes scarcely audible,since the rate of change of intensity is 

so small. In Sec. III.2.b a character index is assigned to each class 

of pulse to lend organization to a par ametric study of the Jovian burst 

morphology in the ti.me domain. For the present the qualitative nomen

clature suffices. 

Figure 3 is a good example of slow Jupiter. In this and all 

succeeding spectral displays, ti.me begins at t~e top left fr~~e, pro

gressing down to the end of the column, thence to the top of the next 

column,and so forth. This particular burst is centered at 19.8 Mc/s, 

with a sweep width of 3 Mc/s, and it was observed at 0239 Eastern Stand

ard Ti.me on September 26, 1963, lasting some 15 seconds. Successive 

frames shown here are spaced 1.5 seconds apart, except for the final 

frame, which has expanded sweep width to resolve possible fine struc

ture details absent in the spectra filmed at the normal sweep width of 

3 Mc/s. The activity is classified as slow Jupiter because the changes 

in intensity at any particular frequency are gradual, some features 

maintaining stability over several seconds. Thus there are four peaks 

which can be traced easily through the first six frames spanning 9 sec

onds. Other fringes may be traced correspondingly throughout the long 

sequence. Additional visible features, not the sole property of slow 

Jupiter, are the obvious peaking tendencies or fringes approximately 

0.4 Mc/s wide and an apparent drift of the center frequency of the 

burst from 20.5 Mc/s to 19~0 Mc/s. The fringes are attributed to Fara

day rotation of the Jovian signals in the terrestrial ionosp~ere and 

are discussed in detail in Sec. II.3. The cause of the center frequency 



(0) 

18.3 19.8 21.3 
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(b) 

18.3 19.8 21.3 
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I I I I l 

18.3 19.8 21,3 
(Mc/&) 

19.3 19.8 20.3 
(Mc/a) 

Fig. 3.--The spectrum of slow Jupiter (September 26, 1963). 
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drift is unknown. The sharp spike at 21.6 Mc/sis of instrumental 

origin, this local oscillator trouble being described in Sec. II.5_. 

The final frame of col1.L111I1 (c) at expanded sweep width of 1 Mc/s does 

not reveal any additional hyperfin~ structure. 

Figure 4 shows an unusual broad-band Jupiter storm observed 

October 11, 1963. During the period 0015 to 0040 Eastern Standard Time 

slow rollers were recorded at frequencies ranging from 12 to 22 Mc/s. 

Single isolated frames are shown to demonstrate the broad-bandedness of 

the storm. In Fig. 4(a) the center frequency is 13.5 Mc/s, sweep width 

3 Mc/s. The rapid fall-off of signal level near 12 Mc/sis due to the 

receiving band width of the spectrograph 1s log-periodic antenna. 

Faraday rotation fringes are clearly evident, crowding more closely 

together towards the lower frequency end of the spectrum. Figure 4(b), 

(c), and (d) show slow Jupiter at center frequencies 15, 18, and 19 

Mc/s, respectively, with sweep width 3 Mc/s. In each case the Faraday 

fringes become wider toward higher frequencies. The spectra shown as 

Fig. 4(e) and (f) show the slow Jupiter centered at frequencies 18 and 

17.2 Mc/s, respectively, with the sweep width expanded to 1 Mc/sin 

hopes of finding hyperfine structure detail. Nothing uniform was 

observed, only the finely spaced irregular noise pulses of the galactic 

background. 

Figure 5 is a display of normal Jupiter activity at 18 Mc/sand 

sweep width 3 Mc/s as observed from 0300 to 0301 Eastern Standard Time 

on August 26, 1963. Frame spacing is 11/2 seconds and the activity 

lasts some 28 seconds. While superficially this spectrum appears 



(a) 

12 13.5 15 
(Mc/s) 

(d) 

17.5 19 20.5 
(M c/s) 

( b) 

13.5 15 16.5 
(Mc/s) 

(e) 

17.5 18 18.5 

(M c/s) 

(c) 

16.5 18 19.5 
(M c/s) 

( f ) 

16.7 17.2 17. 7 

(M c/s) 

Fig. 4.--Frequency variation of Faraday rotation 
on slow Jupiter spectra (October 11, 19 63). 
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(a) 

16.5 18 19.5 
(Mc/s) 

( b) (c) 

16.5 18 19.5 
(Mc/s) 

Fig. 5.--Normal Jupiter spectrum (August 26, 1963). 
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sir.i:i..lar to that of Fig. 3, close examination reveals that frame-to

frame changes in fine structure are more noticeable in Fig. 5 t han in 

Fig. 3. This is the mark of normal Jupiter spectra: fine structure 

changes occurring in the order of 1/2 to 1 second. Note again the 

Faraday fringes and the apparent frequency drift from high to low. 

The lonesome spike appearing sporadically at.18.7 Mc/sis attributed 

to radio station interference. An interesting apparent low-frequency 

cut-off occurs at 17.3 Mc/sin frames 4, 5, and 6, column ( a) , gradu

ally changing to a high frequency cut-off at approximately 17.7 Mc/s 

in frames 3, 4, and 5 of column (c). 

Figure 6 is another example of normal swishy Jupiter pulses. 

Frame spacing is now only 1/2 second for this activity of 0259 to 0300 

Eastern Standard Time, August 26, 1963, centered at 18 Mc/s with sweep 

width 3 Mc/s. Two distinct spectral spikes at 17.6 and 18.0 Mc/s are 

seen to grow and decay. The 18.0 Mc/speak was monitored as Jupiter 

activity and recorded through channel 18Y on the high-speed Brush 

oscillograph. Figure 7 is a repr oduction of this record. Fi~u.re 8 is 

a plot of the amplitude versus time for the pulse as observed on the 

spectrograph (solid line) and the Brush record (dashed line). If we 

accept the observer's judgment in identifying the Brush record pulse as 

Jovian in origin, the correlation of the two curves in Fig. 8 confirms 

the narrow spike at 18.0 Mc/sin Fig. 6 to be the spectru.~ of the pulse 

on the Brush record, and hence to be of Jovian origin. The s~llilar 

pulse at 17.6 Mc/s should likewise be due to Jupiter. However, the 

noticeably more narrow spike at 18.7 Mc/sis probably due to a radio 
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(a) (b) (c) 

16.5 18 19.5 16.5 18 19.5 16.5 18 19.5 
(Mc/s) (M c/s) (M c/s) 

Fig. 6.--Normal Jupiter spectrum (August 26, 1963). 
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Fig. 7.--Normal Jupiter activity at 18 Mc/s f r om 
the high-speed oscillograph record. 

15 



16 

is.or 

t 
---- OSC!LLOGRAPH 
-- SPECTRAL PEAK 

ij 

16.0! ~ fl 
i \v/ ,\ . 

I \ , 
!!.. I 
D / \ 

I ' I I 

14.0r Ii 

§ t li1 

1 12 .ol,_ , 
_J I ,. I"\ I 
c..·. , '--, , \ .... 
~ I ' <I: H I 

I ",' 
wlO.Ol- ~/ > --, , , 
- \ I 
f-- I g I , __ 

a.or 
r,') 

' . <t) 
r G> 
en 

~ 

1,1 

6,0j~ ..... (0 . 

C\l 

I 0 
0 1ci 

5.J 
i'I) I ::, O<! 

I 

56 58 0 

\ 

\ I 
\ / ~ 
\ I . 
I/ 
1J 

I 
\ 

' ' I 
\ 
\ 

2 

\ 
\ , 
\_I 

TIME (SECS) 

18 Meis 

I\ 
I \ 

I ' 
I \ 

' 

4 

Fig. 8.--The comparison of the time variation of the 
amplitude of a spectral spike at 18 Mc/s with the 18 Mc/s 
oscillograph record. 

6 



17 

station. Note this same spike at 18.7 Mc/sin Fig. 5. Figure 6 is 

:identified with normal Jupiter because intensity changes occur in the 

order of 1 second. Isolated spectral spikes like these, with band

widths of approximately 0 .1 Mc/s, are relatively rare. 

During a period of mixed normal and fast Jupiter pulses the 

data in Fig. 9 were taken, in which a pulse was observed to drift uni

formly in frequency. The time was 0203 Eastern Standard Time, Septem

ber 13, 1963, with center frequency 18 Mc/s, sweep width 1 Mc/s. Suc

cessive frames are spaced at intervals of 0.5 seconds. Fast Jupiter 

is evident at 17.3 Mc/sin the first three frames of Fig. 9(a). Note 

the rapid frame-to-frame changes. Similar fast activity is evident at 

approximately 18.5 Mc/sin the last three frames of Fig. 9(a). Better 

examples of fast Jupiter appear in later figures. These examples are 

explicitly mentioned here to emphasize that sometimes more than one 

kind of Jupiter activity appears simultaneously. Thus, in the third 

frame of Fig. 9(a), a swishy pulse develops at approxL~ately 18.06 Mc/s, 

which lasts throughout the sequence., a time of 8 seconds. This pulse 

changes amplitude principally in the manner of normal Jupiter. However, 

some fast changes at the second, third, fourth, fifth, and sixth frames 

of Fig. 9(c) show the pulse also to possess fast Jupiter characteris

tics •• 'mother highly unusual feature of the pulse is its uniform drift 

in frequency from 18.06 to 17.95 Mc/sin 7 seconds, a drift rate of 

approximately 0.007 Mc/s per second. The tendency of Jovian storms to 

drift in frequency has long been lmown, but this is the first clear 

example of a specific Jovian pulse 1 s drifting in frequency. It is noted 



(a} ( b) (c) 

2 · Q_ 

I I I 
17.5 18 18.5 17.5 18 18.5 

(Mc/s) (Mc/1) 

Fig . 9.--A frequency- drifting pulse in the s~ectrum 
of mixed fast and normal Jupiter (September 13, 1963) . 

18 



19 

that the bandwidths of the Jovian pulses shm,m in Fig. 9 vary but are 

in the order of 0.1 Mc/s. 

Figure 10 shows more mixed normal and fast Jupiter observed 

0214 to 0216 Eastern Standard Time, September 13, 1963. Frames are 

spaced 1/2 second apart. The sequence in Fig. l0(a) is centered at 

18 Mc/s, with sweep width 3 Mc/s. Figures l0(b) and l0(c) are both 

centered at 22.5 Mc/s with 1.0 Mc/s sweep width. While the normal Jupi

ter character is evident in the slowly changing envelope of each burst, 

the fast Jupiter features appear in sharp frame-to-frame variations of 

the individual pulse shape and the ragged, ill-defined tops of t~e pul

ses. This latter characteristic is seen especially at 17.2 Mc/sin 

frames 2 and 3 of Fig. l0(a), and again at 22.9 Mc/sin frames 2, 3, 

and 4 of Fig. l0(b). Clearly, then, fast and normal Jupiter can occur 

simultaneously. Aural monitoring agrees with this conclusion, in that 

observers plainly hear pops superimposed on swishes. 

Figures 11, 12, 13, 14, 15, and 16 are examples of fast Jupiter 

pulses at various frequencies and sweep widths. Figures 11, 12, and 

13 are taken from data of November 5, 1963: and each consists of three 

strips of four successive frames spaced at 1/12 second. The center fre

quency is 18 Mc/s, sweep width 3 Mc/s. Fast Jupiter spectra are charac

terized by the extremely rapid changes in pulse shape from frame to 

frame. For example, the first and fourth frames of the sequence in 

Fig. ll(a) show little activity, but the second and third frames show 

high intensity, fast Jupiter bursts at 18 Mc/s. Similarly, note the 

change in appearance of the spectral sequence in the first three frames 



(a) 

16.5 18 19.5 
(Mc/s) 

( b) 

22 22.5 23 
(Mc/s) 

(c) 

Fig. 10. --The spectrum of mixed fast and normal 
Jupiter (September 13, 1963). 
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(o) 

I I I I I 

16.5 18 19.5 
( M c/s) 

(b) 

I I I 
16.5 18 19.5 

(Mc/s) 

(c) 

I I I I I 
16.5 18 19.5 

(M c/s) 

Fig. 11.--Spectra of fast Jupiter (November 5, 1963). 
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(a) 

I I I I 
16.5 18 19.5 

( M c/s) 

(b) 

I I I I I 
16.5 18 19.5 

( M c/s) 

(c) 

I I I I 
16.5 18 19.5 

(Mc/s) 

Fig. 12.--Spectra of fast Jupiter (November 5, 1963). 
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(a) 

I ' I I I 
16.5 18 19.5 

(MC/&) 

( b) 

I I I I I 
16.5 18 19.5 

(M C/1) 

(c) 

I I I I I 
16.5 18 19.5 

( M c/s) 

Fig. 13.--Spectra of fast Jupiter (November S, 1963). 
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of Fig. ll(b). Then in Fig. ll(c) a fast, large amplitude pulse appears 

at approximately 18.4 Mc/sin the second frame only, missing the first 

and third frames. Recalling that normal Jupiter sw"ishes are produced 

by the small cr.anges occurring over the 1/2 second fran1.e spacing of 

Figs. 5 and 6, it iB not surprising that these large changes in the 

spectrum over intervals of 1/12 second as in Fig. 11 accompany popping, 

spitting, or cracking noises over the loudspeakers at the observatory. 

More examples of these spectra of fast Jupiter follow. 

In Fig. 12(a) the second frame alone shows an isolated burst at 

18.5 Mc/s. The best similar example of fast Jupiter in Fig. 12(b) is 

also the second frame, ·which shows an intense burst of l Mc/s band width, 

there being scarcely any activity in the preceding and succeeding frames. 

Figure 12(c) shows what might be a fast Jupiter burst moving in fre

quency from low to high. The bursts in the first, second, and third 

frames exhibit the ragged-top character of fast pulses and are centered 

successively at approximately 18.0, 16.2, and 18.4 Mc/s. Figure 15 

shows similar fast Jupiter bursts. Intense activity not shown in adjoin

ing frames may be seen in the second and third frames of Fig. 13(a) near 

18 Mc/s, the second and fourth frames of Fig. 15(b) near 18 Mc/s, and in 

the third frame of Fig. 15(c) just below 18 Mc/s. 

In Figs. 14, 15, and 16 f~atures similar to those of Figs. 11, 

12, and 15 are shown with expanded sweep. Each of these figures has 

three columns of three successive frames spaced 1/12 second apart. Fig

ure 14(a) shows fast Jupiter in the second frame at 18.5 and 18.6 Mc/s, 

as does the second frame of Fig. 14(b) at 18.1 Mc/s. Figure 14(c) shows 



(a) 

I I I 

17.9 18.4 18.9 
(Mc/1) 

( b) 

I I I I 
17.9 18.4 18.9 

(Mc/s) 

(c) 

I I I I 
17.9 18.4 18.9 

( M C/6) 

Fig. 14.--Spectra of fast Jupiter (September 26, 1965). 
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(a) 

I I I I I 
179 18.4 18.9 

(Mc/1) 

( b) 

I I I I L 

179 18.4 18.9 
(Mc/a) 

( C) 

I t I I I 
179 18.4 18.9 

(MC/I) 

Fig. 15.--Spectra of fast Jupiter (September 26, 1963). 
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(a) 

I I I I 
18.75 I 9 19.25 

( M c/s) 

( b) 

I I I 
18.75 19 19.25 

( M C/S) 

( C) 

I l I l 
18.75 19 19.25 

( M C/s) 

Fig. 16.--Spectra of fast Jupiter (September 26, 1963). 
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a fast burst at 18.l M.c/s in the second frame. Figure lS(a) contains 

fast Jupiter at 18.l M.c/s in the first frame, 18.05 and 18.6 Mc/sin 

the second frame, and 18.l Mc/sin the third frame. Figs. lS(b) and 

lS(c) show fast Jupiter bu.:-sts at 18.4 Mc/s, which change shape from 

frame to frame. In Fig. 16 the sweep width is expanded to 0.5 Mc/s. 

The second frame of Fig. 16(a) has a fast Jupiter pulse at 19.l Mc/s. 

Figures 16(b) and 16(c) feature a fast-changing burst at 18.75 Mc/s. 

Generally speaking, the major distinction of fast Jupiter spectra is 

the absence of the uniformly spaced Faraday fringes observed in both 

normal and slow Jupiter. spectra. 

Befora leaving spectra of fast Jupiter, it should be mentioned 

that apparently the sweep time of _the spectrograph's oscilloscope, .mich 

is approximately 30 milliseconds, does not limit the bandwidth of the 

spectra, because if this were so, during Jupiter activity the center 

frequency of the burst would move about the scope in random fashion, 

depending on the beam position at the time of reception of a Jovian 

burst. This is not the case, as sho'Wil by Figs. ll, 12, 15, 14, 15, and 

16 where, although the Jupiter pulses are sporadic in tilne, they tend 

to center about a narrow frequency band in each sequence. In Figs. ll, 

12, and 15, where all data were taken between 0125 and 0127 Eastern 

Standard Time, November 5, 1965, the activity all centers near 18 Mc/s~ 

In Figs. 14 and 15, for 0546-0547 Eastern Standard Tilne, September 26, 

1965, the activity centers about 18.4 Mc/s; while the fast Jovian spec

tra of 0356 Eastern Standard Time, September 26, 1965, in Fig. 16 center 

mainly near 18.75 Mc/s. 
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In summary, Jovian spectra exhibit characteristics which can 

be used to identify the time morphology of the radiation. Slow Jupiter 

observed thus far exhibits regular Faraday fringes with relatively 

smooth tops. Normal Jupiter likewise sho~~ either Faraday fringes with 

more ragged appearing tops, or isolated narrow-band spikes of tillle

varying amplitude. Fast Jupiter does not show regular Faraday fring

ing and is highly ir:.-egular in pulse shape, with washed-out, ragged 

patches revealing the fast-changing spectral burst structure. 

5. Freauency Dependence of Ionospheric Faraday 
Rotation from Jovian Decametric Spectra 

For many years research workers have been using a simplified 

model of the rotation of the plane of polarization of radio waves in 

a magnetoionic medium (Faraday rotation) to interpret such phenomena 

as lu.~ar radio echoes (12, 15, 14], artificial satellite signal fading 

[15, 16, 17, 18], and Jovian decametric spectral fringes (19]. Browne 

et al. [15] have shown that for the quasi-longitudinal approximation 

and no ray path splitting of the ordinary and extraordinary modes, the 

Faraday rotation of plane polarized electromagnetic waves traveling 

through the ionosphere is inversely proportional to the frequency 

squared. Other workers have used these results in the form 

K ----- h n .. 2 H cos 9 sec X . / N dh 
f 0 

(1) 

where K is a constant, f is frequency, His the strength of the terres

trial magnetic field, 9 is the angle between the ray and H, xis the 
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angle between the ray and the vertical, N is the electron density along 

the ray path, and 1 h N dh is the total electron content along the path. 
0 

Browne et al. calculated the ionospheric electron content using 

experi..~ental values of Oat approximately 120 megacycles per second for 

radio echoes from the moon [13]. Warwick and Dulk [19 J measured O from 

Jovian spectral data, calculatedthe electron content of the ionosphere 

and extrapolatedthe Faraday rotations to Jupiter to deduce the initial 

orientation of the Jovian radiation polarization ellipse and the nature 

of the mechanism of this radiation. In each case the inverse square 

freq~ency dependence of Eq. 1 is assumed valid and some special method 

must be used to assure the absolute determination of o, which through 

direct measurement can usually be measured only to within some undeter

mined integral number of rota,tions. 

It is the purpose of this section to present a method for the 

determination of an unambiguous D directly from Jovian spectra and to 

show that the frequency dependence of the Faraday rotation of decameter

wavelength radio waves through the terrestrial ionosphere can be meas

ured experimentally by using Jupiter 1s decametric spectra. An independ

ent check of this result, using the signals from the beacon satellite 

S-66(BE-B), is included. 

Recall Fig. 3, a reproduction of a typical Jovian burst 

recorded on the Florida spectrograph. The center frequency is 19.8 Mc/s. 

The well-defined fringes have been attributed to Faraday rotation occur

ring in the Earth 1 s ionosphere. Warwick and Dulk [19] used Faraday 

fringes appearing on Jovian spectral records of a somewhat different 



nature to calculate the terrestrial ionospheric electron content, 

assuming the validity of Eq. 1 and arguing that all of the obs erved 

Faraday rotation occurred in the ionosphere. 

The Florida data are such that the frequency dependence of 
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Faraday rotation in the inosphere can be determined experimentally; 

that is, the validity of Eq. 1 can be tested. For example, data from 

radiation emitted by Jupiter 1 s source C (~II= 310°, Warwick1s n1ate 

sourcen) between 0514 and 0526 Universal Time, October 11, 1963, can 

be used to perform the followi.~g calculation. Since O, the absolute 

number of Faraday rotations, cannot be determined directly from spec

tral records,~, the differential rotation rate with respect to fre

quency, was measured and plotted as a function of frequency using the 

least squares method. This curve appears as the solid line in Fig. 17. 

For comparison purposes the dashed line in Fig. 17 is the theoretical 

curve, having a slope of -3 as determined tm.~ough differentiation of 

Eq. 1. Note that for this plot the dimrnsions of the ordinate are 

rotations per Mc/s. In the Florida raw data, such a:: Fig. 3, each 

fringe represents one-half of a Faraday rotation because the signal 

and antenna polarizations are parallel twice per Faraday rotation. The 

resulting experimental curve has a slope m = - 2.7 and an ordinate 

intercept c = 3.9. The equation of the line is 

1 °0 1 f og af = m og + c, ( 2) 

which can be written 

log .~~= log (k.1°") ( 3) 
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Fig, 17.--Logarithmic plot of rate of change of Faraday 
rotation spectral fringes as a function of frequency. One 
Faraday 11 revolution11 corresponds to 2 fringes in Fig. 3. 
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C 
where k ~ 10 ~ 7950, using logarithms to the base 10. It im.~ediately 

follows that 

k 11, (4) 

which can be integrated from Oto f, resulting in 

k:fil+l 
0 = 1 ' m+ m ,/,. -1. ( 5) 

Inserting the experimentally-determined k and m produces the equation 

( 6) 

Thus, the frequency dependence of the Faraday rotation of radio signals 

passing through the terrestrial ionosphere has been experimentally 

determined for the period of the observations. The solid line in Fig. 

18 is a plot of Eq. 6, Faraday rotation (o) versus frequency (f). 

Note that as the frequency is varied from 13 to 20 Mc/s, the Faraday 

rotation ranges from 60 to 29 rotations. The dashed line in Fig. 18 

represents the theoretical invers e s quare frequency dependence and 

ranges from 55 rotations at 13 Mc/s to 23 rotations at 20 Mc/s. 

These results are preliminary, and continued study of Jovian 

decametric spectra may refine the apparent inverse 1.7-power frequency 

dependence of ionospheric Faraday rotation for sub-20 Mc/s electro

magnetic waves. The present calculation was made from data not 

recorded for this specific purpose and the significance of the differ

ence between the measured index of 1.7 and the theoretical value of 
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2.0 is at present uncertain. However, the method and the results are 

of current interest. Additional data taken for radiation traveling 

through the ionosphere at different angles with respect to the Earth's 

magnetic field will determine the range of validity of the quasi

longitudinal approximation in the derivation of Eq. 1. Future Jovian 

spectral data will be gathered with these specific goals in mind. 

As an independent check of the preceding results, the 20.005 

and 40.010 Mc/s beacons aboard S-66(BE-B), an artificial satellite 

orbiting outside the ionosphere, have been utilized in a comparison 

determination of the frequency dependence of ionospheric Faraday rota

tion for this region of the spectrum. The form of the fre.quency depend

ence is eArpected to be 

0 = G f-m ( 7) 

where G is a parameter involving various quantities noted in Eq. 1, 

and mis again a constant to be determined experimentally. Differen

tiation of Eq. 7 with respect to the time, t, yields 

oO f-m oG 
ot = ot ( 8) 

where~~ may be approximated as the ratio~~ and measured from simul

taneous oscillograph recordings of the Faraday rotation modulated sig

nals of the 20.005 and 40.010 Mc/s beacons of S-66. Figure 19 shows 

such a record of data taken at the University of Florida on November 21, 

1964. Measuring · (tt)
20 

and (tt) 40 as the times for MJ = 1/2 Faraday 

rotation for the 20.005 and 40.010 Mc/s signals, respectively, 



Fig. 19.--Comparison of S-66 signals at 20 and 40 Mc/s. 



Eq. 8 becomes 

1 
= (20.005)-m oO 

at 
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(9) 

Rewriting Eq. 9 for the 40.010 Mc/s case and dividing the two results in 

(t,t)40 
(40.010) m m 

(bt)20 
= 20.005 = 2 •. (10) 

Therefore 

log [(bt) 40 l 
(tt)20 

m = (11) 
log 2 

Preliminary determinations of musing this technique with the 

data shown in Fig. 19 give m = 2.08 in agreement with the theoretical 

value of m = 2 used in Eq. 1, within the accuracy of the measurements. 

The difference between this value and the value of 1.7 as calculated 

from the Jovian spectra may be a real effect, since the ionospheric 

critical frequency lies just below the range of the spec~ral data, and 

certainly, for frequencies lower than the critical frequency, there is 

no transmission, hence no Faraday rotation, hence no frequency depend

ence. It is plausible that the theoretical inverse square frequency 

dependence is valid for frequencies above approximately 20 Mc/s, but 

that for the range from 20 Mc/s down to the critical frequency a more 

rigorous theory is required for purposes such as the precise calculation 

of ionospheric electron content. 
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4. Comparison w:i.th Other Workers I Data 

Other than the Florida spectral data discussed in this work and 

Chatterton1 s dissertation [3], the only comprehensive treatment of 

Jupiter 1s decametric spectra is that of Warwick of the High Altitude 

Observatory at Boulder, Colorado [19, 20]. A typical example of the 

Boulder data appears as Fig. 20, where the ordinate is frequency and 

the abscissa is Universal Time. This storm occurred on September 13, 

1963, and the instrument sweeps from 7 .6 to 41 Mc/s every 1.3 seconds. 

The diagonal white streaks washing out strips of data approximately 0.5 

Mc/s wide are interference fringes due to the antenna system. The faint 

alternate black and gray horizontal bands are caused by Faraday rotation 

fading and correspond to the Faraday fringes observed in the Flo;ida 

spectra sho"Wn and analyzed above in Secs. II.2 and II.3. At times the 

storm sho"Wn in Fig. 20 appears to extend from 13 to 36 Mc/s with a 

bandwidth of some 23 Mc/s. Other isolated bursts have bandwidths of 

less than 1 Mc/s. Compare Fig. 20 with Fig. 9, shown previously as an 

example of the Florida data. The time of the Florida data is 0203 

Eastern Standard Time, which is 0703 Universal Time, and the Florida 

record thus represents an enlarged view of the faint speck appearing at 

18 Mc/sand 0703 U.T. in Fig. 20. 

The Florida spectrograph is obviously superior for recording 

fine structure characteristics of less than 1 Mc/s bandwidth, but it 

cannot record the features involving bandwidths exceeding 4 Mc/s. 

This comparison, then, is limited to fine structure effects of extent 

less than 4 Mc/s. Specifically, Warwick claims to have recognized 
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events of bandwidths as low as 0.2 Mc/s [21], although these bursts are 

extremely difficult to recognize in his published dat2. Now, band

widths of this order are easily recognized in the Florida data. In 

Fig. 9, for example, the moving pulse near 18 Mc/s has a baµdwidth of 

approximately 0.05 Mc/s, roughly an order of magnitude less than the 

smallest reported by the Boulder group. Thus far Florida workers have 

not recognized any Jovian spectral spikes of bandwidth lower than 0.05 

Mc/s. The rare narrow spikes such as were seen in Fig. 6 have never 

been filmed with an expanded sweep, and from data such as Fig. 6 it is 

determined that this type of normal Jupiter has a bandwidth of somewhat 

less . than 0.1 Mc/s. 

The only other specific statement which Warwick makes concern

ing the spectral bandwidth is that a rough positive correlation exists 

between pulse duration and spectral bandwidth. Examination of the 

Florida data shows that this is not always the case. For example, nor

mal Jupiter activity exhibiting bandwidths ranging from 0.05 to 3 or 

4 Mc/s has been observed at Gainesville. Fast Jupiter has ranged in 

bandwidth from 0.05 to 1.5 Mc/s. Indeed, the storm shown in Fig. 20 

has at times a bandwidth of 23 Mc/s. This activity was also recorded 

on the Florida spectrograph and consisted primarily of fast Jupiter. 

The Boulder equipment was apparently too insensitive to fine structure 

fluctuations in time to show this characteristic of the storm. 

Riihimaa of the University of Helsinki, Finland, is studying 

fine structure of the Jovian decametric spectra using an instrument 

which produces data"similar to Warwick's, but of much higher resolution. 
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In a brief preliminary report appearing in a l etter to Nature [22], 

Riinimaa states that the Finnish spectrograph sweeps the range 18 to 

20 Mc/s with a repetition frequency of 10 c/s. The resulting data 

lack the overall bandwidth of the Boulder data, but they do resolve the 

fine structure details, though not as well as the Florida data. 

Riihimaa shows typical Jovian spectra recorded by the Finnish spectro

graph but postpones conclusions to a detailed analysis of his results 

wrj_ch is in preparation. Thus, at this writing there is no basis for 

a general comparison of the Finnish data with those of Boulder and 

Florida. 

Apparently workers in the realm of Jovian decametric spectra 

require equipment capable of presenting the best of the spectral char

acteristics seen in the Boulder, Florida, and Finnish data before the 

nature of these spectra can be completely understood. The Bo~lder 

spectograph sacrifices fine structure detail to present excellent 

broad-band characteristics of the spectra in time. The Florida data 

excel in recording fine structure details, but lose the broad-band 

characteristics. The Finnish data seem to be superior for systemati

cally recording the slow changes in time of spectral fine structure at 

the expense of the loss of some amplitude versus frequency detail. 
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5. Spurious Spectra 

The observer of Jovian spectra that are displayed on the 

University of Florida radio spectrograph must be aware of the char

acteristics of the many spurious spectra which frequently appear in 

order that the desired data be correctly interpreted. There follows 

a description of these worrisome phenomena. 

Among the superfluous spectra produced, lightning interfer

ence is the only type having natural ori gin. It is easily identified 

by correlating the sharp static sounds from a properly tuned receiver 

with the sudden rises and drops of the entire spectral trace on the 

oscilloscope. The trace sometimes shows discontinuities at points 

where the lightning crack happens to catch the sweeping beam, and these 

points are located at random frequencies. This .characteristic aids in 

the distinguishing of spitting Jupiter from lightning since, as was 

noted in. Sec. II.2, the Jupiter spitting bursts tend to localize at 

particular frequencies for many successive sweeps of the electron beam 

of the analyzer. Strong Jupiter storms may be recognized through 

intermittent lightning interference. 

A particularly bothersome effect has been that called in the 

Florida Radio Observatory Log (February 10, 1964), "Strange Interfer

ence/ 11Strange X, 11 and nBlow-Up Phenomenon, n deriving these names 

from the strange quality of producing no audio noise in the observa

tory receivers (Log, December 20-21, 1963), yet appearing more intense 

than most Jupiter bursts observed on the analyzer oscilloscope. At 

first this signal was thought to be due to internal equipment 
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malfunction, but this assumption proved erroneous. Another panoramic 

spectrum analyzer was set up to extend the range of our normal equip

ment (Log, February 10, 1964). The second system displayed the spec

trum from 24 to 34 Mc/s. The intermittent strange interference was 

found to be present simultaneously in both systems, and furthermore 

cut off abruptly at approximately 30 Mc/s. Moreover, the interference 

was found to be sensitive to antenna setting, peaking for a log

periodic antenna setting of 55° West (Log, December 20-21, 1963). 

0 
(The antenna was set for declination -10 ). Additionally, disconnec-

tion of the antenna always stopped the interference (Log, January 10, 

1964). The conclusion was that this interference probably originated 

at the University of Florida Medical Center, entering our spectrograph 

through the back lob~ of tµe log-periodic antenna. The appearance of 

the signal's spectrum is shown in Fig. 2l(a) and (b), where two differ

ent characteristics can be seen. In Fig. 21(a) the trace resembles 

a modulated, distorted sinusoid, while in Fig. 2l(b) a square wave 

envelope is more evident. This type of interference, when present, 

blocks our spectral equipment over its entire bandwidth, rendering 

Jovian spectral analysis impossible, since the entire trace jumps on 

?nd off the screen and changes rapidly between the two types shown in 

Fig. 2l(a) and (b), sometimes more frequently than once per second. 

Another category_ of interference has been labeled as 11 buzz 11 by 

the observers (Log, October 14-15, -1963), and is shown in Fig. 2l(c) 

and (d). While this spectrum closely resembles the Faraday rotation 

feature of the Jovian spectra previously discussed in Sec. II.3, there 
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is no possibility of mistaking its regular audio buzz (somewhat like 

the sound a small electric motor with brushes produces in an AC-DC 

radio) for the randomly-spaced Jupiter swishes or spits. During per

iods of buzz interference spectra of Jupiter storms cannot be satis

factorily analyzed. 

Occasionally a swept-frequency jammer (Log, June 14, 1963) 

and (June 15, 1963), blocks the spectrum analyzer as shown in Fig. 2l(e) 

and (f); The audio of this particular type of interference sometimes 

appears on separate channels as a short buzz while the square (in fre

quency) wave front sweeps back and forth across the oscilloscope face. 

There should be no chance of confusing these short bursts of buzz with 

the random Jovian bursts. At other times the jammer completely blocks 

one or more channels simultaneously. In general, Jovian spectra ob

served under jamming conditions are unintelligible. 

Previous to the identification of the Faraday rotation fringes 

in Jovian spectra it was feared that the regular peaking observed in 

the spectra might be due to periodic gain irregularities [3]. 

Chatterton correctly believed this not to be the case [3]. In an 

effort to settle this question, a study was made in which continuous 

,and pulsed noise was fed into the Pan system at various points (Log, 

December 7-8, 1963). Figure 22 shows the results of this experiment. 

Figure 22(a) is the spectrum of the galactic background incident on 

the log-periodic antenna. Periodic gain fluctuations are not evident 

under these conditions. For Fig. 22(b) the antenna and preamplifier 

were disconnected (see Fig. 1, the system block diagram) and broad-band 
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noise generated in a type 5722 noise diode was introduced directly 

into the spectrum analyzer. With max:ilnum sensitivity, the noise 

scarcely broadened the oscilloscope trace. Figure 22(c), (d), and 

(e) show the results of introducing unmodulated noise into the pre

amplifier with the antenna disconnected, with a center frequency of 

18 Mc/sand different sweep widths of 3, 1, and 0.l Mc/s, respectively. 

The spectra all look the same and exhibit no fringing or other features 

of Jovian spectra. With different center frequencies over the range of 

the spectrograph .the results were the same. Figure 22(f), (g), (h), and 

(i) show the results of introducing modulated broad-band noise from the 

type 5722 diode into the preamplifier as before, with the antenna dis

connected. The steep-front modulation was produced by mechanically 

switching the noise generator on and off several times per second in 

hopes of not observing any internal ringing subject to shock excitation. 

The noise spectra appear on only a portion of each trace because the 

llon 11 time of the noise generator was less than the cathode ray tube 

sweep time (approximately 1/30 second). Again at the various center 

frequencies and sweep widths available to the system, no features of 

Jovian spectra were synthesized through shock excitation and no spur

ious spectral features appeared. 

It must be pointed out that for a time the spectrum analyzer 

was out of alignment and occasionally an internal oscillation would 

produce a spurious peak on the ·oscilloscope. The effect was random 

and intermittent. Such a peak is the left-most peak in Fig. 2l(c) at 

approximately 20.6 Mc/s • . Note the characteristic skip in the base 
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line, which is higher to the right of the break than to the left. 

While it is not obvious in Fig. 21(c), the leading edge of this peak 

is characteristically aL~ost vertical and the trailing edge on the 

right markedly less steep. An experienced ()bserver can easily recog-

nize this troub Moreover, realigrunent of the equipment has removed 

this source of confusion and routine periodic maintena~ce should pre

vent its recurrence. 

Radio stations 1 spectral spikes are another class of spurious 

signals appearing in our spectra. These are usually identifiable by 

their narrow width. A good example of a spectral line due to a radio 

station appears at 18.5 Mc/sin Fig. 6. Notice the narrowness of the 

station spike in contrast to the pair of Jupiter peaks at 16.75 and 18.0 

Mc/s, recalling that these two peaks are representative of the slimmest 

Jupiter spectral peaks identified at the University of Florida Radio 

Observatory (Sec. II.2). Thus most radio stations 1 spectra are recog

nized on the basis of bandwidth alone. In cases of doubt the observer 

should set a receiver on the exact frequency of a spike, using a grid 

dip meter, listening for Jovian or station audio characteristics from 

which to judge the origin of the spectral peak. 

In summary, all the characteristics observed presently on the 

University of Florida radio spectrograph are attributed to external 

sources. The characteristics of the Jovian spectra are documented in 

Sec. II.2. The spurious spectra which completely disrupt observations 

are strong lightning, closely-spaced stations, the inaudible strange 

interference, the swept-frequency jam.i~er, and strong buzz. Troublesome 
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effects which partially impair observations but can be recognized by 

an exper ienced observer include mild atmospherics due to distant light

ning, occasional mild radio station activity, and an internal ringing 

due to misalignment of the spectrum analyzer. 



CHAPTER III 

MORPHOLOGY AND ATMOSPHERIC YlODIFICATION 

1. The Search for a Jovian Continuum 

The sporadic, bursty nature of decameter wavelength Jovian 

radio emissions has been described above in Sec. II.2, and of course, 

by other research workers. The question remains whether there exists 

a continuum of radiation of flux density lower than that of the nor

mal storms. In an attempt to resolve this question, a 22.2 Mc/s phase

switching interferometer was established at Biven1 s Bank in 1961 [25, 

24, 25]. This observation channel, called 22B, should be capable of 

. -25 / 2; detecting flux densities as low as 1 x 10 w m cps [25]. The instru-

ment is steerable in declination only, and hence is effective only 

within a period of approximately one and one-half hours before and 

after meridian transit of the celestial object under observation. The 

theory and operation of the phase-switching interferometer have been 

treated elsewhere [25, 24, 25, 26, 27], and will not be repeated here, 

where the interpretation of the Florida data is discussed. 

Watson observed radio sources Cygnus A and Cassiopeia A using 

the 22B antenna and plotted smoothed curves [24] of the response of 

the system to these two sources at declinations 40° 56 1 and 58° 52 1 , 

respectively. The maximum fringe occurs at the time of antenna bore

sight transit, approximately 10 minutes after meridian transit as 

50 
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explained by Watson [24}. The fringe spacing near transit is inversely 

proportional to the cosine of the declination of the source producing 

the fringes [27]. Therefore, the fringes due to a source of lmown 

declination may be extrapolated to produce an expected fringe pattern 

for a source of different declination. The fringe pattern for Cygnus A 

in Fig. 19 of Watson's thesis [24] was contracted . in time, point-by

point, in the ratio of the cosine of the declination of Cygnus A to the 

cosine of Jupiter's declination to produce the predicted response of 

22B to a radio source at Jupiter. Such a contracted fringe appears as 

the smooth curve at the bottom of Fig. 23. This is the predicted 

response of 22B for a 22.2 Mc/s source at declination 4.1°, Jupiter's 

declination on September 26, 1963. Similar fringes were con~tructed 

as required by the varying declination of Jupiter and compared with 

all of the 22B records made to date to determine whether or not fringes 

due to continuous. radiation from Jupiter were present. The results of 

this analysis follow. 

Channel 22B was operated extensively during the 1961 apparition 

of Jupiter. Effective watch was held 154 nights, the equipment being 

out of order on 36 nights when regular watch was observed. During the 

effective observations on 22B, Jupiter storms of 22.2 Mc/s were ob

serv\;ld 31 times within one and one-half hours of transit on the observ

atory's other 22.2 Mc/s equipment. Thirteen of these storms were 

recognized on 22B and consisted solely of sporadic bursts. Never dur

ing these 31 storms, or at any other time during the apparition,was 

there any evidence on the 22B record of fringes such as would be 
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produced by a 22.2 Mc/s radio source at Jupiter, whose declination 

ranged from 18° to 21° South during the apparition [28]. During each 

of the 154 effective watches, fringes from Cassiopeia A were observed 

despite the antenna's being directed toward declination 15° South. 

(Recall that Cassiopeia A's declination is 58° 32' North [26]). The 

flux density of Cassiopeia A at 22.2 Mc/sis approximately 4.6 x 10-22 

w/m
2 
/cps [25]. 

For the 1962 apparition the phase-switching circuitry was used 

for another experiment and no 22B data were recorded. 

Channel 22B was used effectively during 67 watches of the 1963 

apparition. During an additional 67 watches interspersed throughout 

the apparition, the equipment was turned on but was not functioning 

properly. In eight instances fringes due to radio sources other than 

Jupiter were observed and identified. During ten of the effective 

watches Jupiter storms at 22.2 Mc/s were observed on other 22.2 Mc/s 

equipment. Seven of these storms were observed as sporadic ·bursts on 

22B, with some tendency toward fringing. However, in three instances 

the 22B record clearly.exhibited fringes as predicted for continuous 

22.2 Mc/s Jovian radiation. 

Figures 23, 24, and 25 contain typical examples of 22B data 

with other 22.2 Mc/s records for comparison. In Fig. 23, utilizing 

data for September 26, 1963, the upper record shows Jupiter activity 

at 22.2 Mc/son channel 22Y, which features an automatic tracking Yagi 

antenna. The center record is data taken simultaneously on 22B at 

22.2 Mc/s. Note between 0007 and 0235 E.S.T. the regular fringes which 
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compare favorably in spacing with those of the lower trace, the pre

dicted response of 22B to a radio continuum at Jupiter. The compar

ison is made using time correlations of maxL~a and minima. Superposi

tion of a tracing of the lower curve on the 22B record in the center 

shows near coincidence of the maxima and minima, especially near an

tenna boresight transit, which occurs later than meridian transit as 

noted previously. For some reason the westward offset of the 22B cen

tral lobe from the meridian now measures 0.6° in contrast to Watson's 

0 measurement of 1.9 • This change is probably due to electrical path 

length changes introduced between the receiver and the East and/or 

West arrays of 22B during system modifications made since 1960, when 

Watson's data were taken. 

Apparently, in addition to the normal swishes recorded on 22Y 

during this intense Jupiter storm, there was emitted continuous radia

tion at 22.2 Mc/s as shown by the fringes on the 22B record. The time 

constant of 22B was set at 10 seconds for most of the storm, and while 

no high speed oscillograph record was made at 22.2 Mc/s, the simultan

eous Brush records at other frequencies fail to show pulses of this 

length. Additionally, _ when the time constant of 22B was set at 20 

seconds between 0046 and 0052 E.S.T., the fringe pattern continued, 

despite the fact that this time was very close to the time for a null 

in the fringe pattern when the instrument was relatively insensitive. 

Final evidence of this continuous 22.2 Mc/s radiation is two periods 

during the storm when the swishes on_22Y stopped but the fringes of 

22B continued. In Fig. 23 note the two lulls in the storm on 22Y at 
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0026 to 0033 E.S.T. and 0133 to 0152 E.S.T., while the fringe pattern 

on 22B seems to continue during these periods, although perhaps reduced 

in intensity. Therefore, Fig. 23 apparently displays a Jupiter storm 

of combined sporadic and continuous 22.2 Mc/s radiation. Douglas and 

Smith have suggested the existence of this continuum [29]. 

Figure 24 shows an instance of strong sporadic Jovian activity 

on 22Y occurring approximately 1 hour after transit during the watch 

of September 28, 1963. Again at the top of the figure is the 22Y 

record, at the center is 22B, and at the bottom the predicted fringes 

for Jovian radiation. Note that the storm of September 26, 1963,shown 

in Fig. 23 produced fringes detected 1 hour 20 minutes before and after 

transit. If continuous Jupiter radiation within the sensitivity of 22B 

had been present along with the normal Jovian swishes on September 28, 

1963, Fig. 24 should show signs of fringes from approximately 0200 to 

0230 on the center trace, which is the 22B record. No such fringes 

are evident. The conclusion is that no conti nuous 22.2 Mc/s flux from 

-23 ;. 2 Jupiter exceeded 1 x 10 w1m cps during this storm, at least while 

Jupiter was in the beam of 22B. 

Figure 25 also shows a Jupiter storm observed on 22Y which 

apparently did not have an accompanying continuum, the records having 

been produced October 21-22, 1963. The trace at the bottom of the fig

ure is the response of 22B to Cassiopeia A, after Watson [24]. The top 

record is a Jupiter storm observed on 22Y. The center record shows 

fringes observed on 22B. Note the good match of these fringes to t he 

lmown response of 22B to Cassiopeia A. While sporadic Jupiter bursts 
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appeared on 22B, there is no evidence of fringes corresponding to the 

pattern predicted for radiation from Jupiter. Specifically, the group 

of four intense but separated peaks beginning on the 22B record at 2335 

E.S.T. should form a smooth maximum, if the radiation is continuous in 

time. Clearly this is not the case, the high peaks being spaced at 

intervals of approximately 1 minute. The absence of the 22.2 Mc/s con

tinuum is suggested by this data, the fringe due to Cassiopeia A being 

clearly evident despite the strong simultaneous Jovian storm. 

Unfortunately, most of the inoperative periods of 22B came 

near the end of the 196~ apparition and indicated the aging of the 

equipment. The system would not function at all for 16 trial watches 

during the 1964 apparition. The circuitry had become highly sensitive 

to temperature and power fluctuations. The Florida sun, humidity, and 

an occasional stampede of Brahma cattle had taken their toll of the 

antenna masts and fittings and 22B was shut down for repairs. The 

antenna is being rebuilt and a new, more stable phase-switching circuit 

is planned for future observations with the system. This is necessary 

since our competent engineer, G. F. Walls, had learned to maintain 22B 

in operative condition only at the cost of daily attention. 

The data gathered from 22B support the conclusion that Jupiter 

-23 
does not continuously emit 22.2 Mc/s radiation exceeding 1 x 10 

2 w/m /cps in flux density. The three instances of a Jovian continuum 

accompanying strong sporadic Jupiter activity, however, suggest that 

Jupiter storms at times consist of a combination of sporadic bursts 

with an underlying continuum. This result confirms and amplifies the 
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findings of Stone, Alexander, and Erickson [30], who used data from 

the University of Maryland 26.3 Mc/s Christiansen-type array with a 

Ryle-Vonberg radiometer to conclude that Jupiter radio storms consist 

of at least two distinct components, characterized by different flux 

densities. At 26.3 Mc/s these flux densities were "just above" 10-23 

2 -23 2 
w/m /cps and 9 x 10 w/m /cps, the stronger component corresponding 

to the radiation commonly observed by most other workers. At the time 

of their publication Stone et al. had not considered any fine struc

ture details. It appears that the presently reported underlying con

tinuum is in fact the we~ker component reported by Stone et al. and 

that this component of Jove's radio emissions either is a continuum 

or is composed of bursts longer than the order of 10 seconds, the time 

constant of the Florida interferometer when the pertinent data were 

taken. Perhaps the characteristics of the two components are not 

resolved in the Maryland data due to the relatively short integration 

time used, namely, 2 seconds. The sensitivity of the Maryland system 

-24 / 2; is 5 x 10 w m cps, a factor of 2 better than Florida 1 s 10-25 

2 
w/m /cps. Floridats 22B obviously is marginal for further examination 

of the weaker component, and the sensitivity of 22B should be improved 

in order that this study be pursued with promise. Then of course, as 

Stone et al. suggest, the experiment should be extended to other fre-

quencies. 
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2. Jovian Burst Morphology 

a. Introduction 

Kraus [31], Gallet [32], Gardner and Shain [33], A.G. Smith 

et al. [34], H.J. Smith~- [35, 36], and Mock and A.G. Smith 

[11], have all studied the fine structure of the Jovian storms. Gener

ally there is agreement that the terrestrial ionosphere modulates the 

Jovian signals and is in part responsible for some of their features 

as observed in Earth. In particular, A.G. Smith et al. [34] concluded 

that the overall burstiness of the radiation is in fact a scintillation 

caused by fluctuations occurring in the ionosphere. Then Mock and 

Smith [11], through an extensive statistical analysis of the durations 

of normal Jovian pulses received simultaneously in Florida and Chile, 

concluded that the pulses constituting the fine structure of the bursts 

came from the same population and that, therefore, this feature of the 

fine structure either originated in the Jovian environment or was due 

to a world-wide ionospheric effect of some indeterminate nature. Less 

complete data suggested this sa~e conclusion for the slow and fast 

Jupiter pulses. 

In this section is reported a study, the purpose of which is 

to determine the origin of the basic Jovian pulse structure, apparently 

a choice among the terrestrial ionosphere, the interplanetary medium, 

and the Jovian environment. The primary method of the analysis is to 

examine the variation of the character of the pulses with parameters 

such as time of year, time of day, f requency, altitude of the planet, 

and geomagnetic activity. Eow, radio star scintillations are apparently 



61 

ionospheric in origin, and their behavior in terms of the cited vari

ables has been examined extensively by others [26, 37, 38, 39, 40, . 41]. 

Similar scintillations of artificial satellite signals are well docu

mented [42]. It is expected that if the basic Jovian pulse character 

is an ionospheric scintillation, this phenomenon will exhibit the same 

parametric variations as radio star and satellite scintillations. Lack 

of such correlation will indicate some other source for this fine struc

ture, probably the Jovian environment, the alternative proposed in 

Mock 1 s thesis [11]. The comparison of Jupiter's basic pulse structure 

and ionospheric scintillation phenomena follows. 

b. The Jupiter Pulse Character Index 

The discussion is facilitated by the definition of the Jupiter 

pulse character index C. This index is described in Table l(a). For 

storms consisting of slow Jupiter pulses lasting a few sec.ands or 

longer, C is defined as 1. Normal Jupiter pulses of approximately 

1 second duration are assigned the index value C = 2. Fast Jupiter 

pulses of 0.1 second or less duration have the value C = 3. Refer

ence to Fig. 2 of Sec. II.2, along with Table 1 of this section, should 

provide the reader with a suitable interpretation of C. In the actual 

record reduction, nonintegral values of C were used for cases of unclear 

average pulse length. For example, sometimes normal Jupiter has fast 

Jupiter superimposed. The record reducer uses his judgment in assign

ing C for these cases the value 2 1/4, 2 1/2, or 2 3/4, depending 

on the relative amount of each type of pulse that is present. The 

possibility of confusing normal Jupiter (C = 2), with mixed slow 



TABLE 1 

DEFINITIONS OF PULSE CHARACTER AND SCINTILLATION INDICES 

(a) Jupiter Pulse Character Index C 

Value of C 

1 

2 

3 

Description 

Slow Jupiter pulses - a few seconds or longer 

Normal Jupiter pulses - approximately 1 second 

Fast Jupiter pulses - 0.1 second or less 

(b) Satellite Signal Scintillation Index S 

Value of S 

0 

0.5 

Description 

No irregular scintillation. Faraday rotation fading 
is regular. 

Scintillations do not exceed 50 per cent modulation. 
Faraday rotation fading is regular. 
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1.0 Scintillations exceed 50 per cent modulation. Faraday 
rotation fading clearly evident. 

1.5 Some evidence of regular fading. Scintillations 
approach 100 per cent modulation. 

2.0 Extreme scintillations. No regular fading observable. 
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(C = 1), and fast (c = 5) pulses is slight. In all the data examined, 

slow and fast Jupiter were only rarely recognized to occur simultan

eously. 

Other workers have devised scintillation indices for radio 

star and satellite signals. Those cited will not be redefined here. 

It will simply be noted that the scintillation index in each cited 

example ranges from O for no scintillations to some arbitrary positive 

value for maximum observed scintillations. Lawrence and Martin's [42] 

scintillation index for satellite signals is used later in Sec. III.5, 

and is described in Table l(b). 

c. Diurnal Variations 

Radio star and satellite signal scintillations are significantly 

more pronounced · near local midnight than at other times of day [57, 42]. 

For example, Fig. 26 shows the typical diurnal variations observed in 

these scintillations. The upper plot, Fig. · 26(a), shows Hewish 1 s scin

tillation index versus local time for observations of radio stars [57]. 

The relatively sharp maximum near midnight, falling off rapidly towards 

sunrise and sunset, is indeed striking. Less striking, but present, is 

the maximum near local midnight in Fig. 26(b), a plot of Lawrence and 

Martin 1s satellite scintillation index versus local time [42]. L~spec

tion of the next four figures, Figs. 27, 28, 29, and 50, reveals no 

such maxima. Each of these figures is a plot of the Jovian pulse char

acter (defined above) versus local time, as observed at 18 Mc/son the 

high-speed oscillograph records taken at Gainesville, Florida, and 

Maipu, Chile. Fig. 27, representing the 18 Mc/s data from Florida for 
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the entire 1962 apparition, has a marked mini~um near midnight. 

Figure 28, the 18 Mc/s data taken in Chile in 1962, sho~~ some ten

dency towards a minimum shortly after midnight, at 0200 local time. 

Figure 29 shows a broad weak minimum near midnight, t his data repre

senting the 18 Mc/s Jupiter storms recorded at Florida during the 1963 

apparition. Figure 30, 18 Mc/s, Chile, 1963, again shows some tendency 

towards a minimum at 0200. 

Now, admittedl y, the tendencies toward minima were perhaps 

inconclusive in these figures, but there certainly was no evidence of 

a maximum as observed by Lawrence and Martin in Fig. 26(b); and cer

tainly nothing in these Jovian pulse character plots corresponds to the 

sharp increase in radio star scintillations near local midnight in Fig. 

26(a). The data represented _in Figs. 27, 28, 29, and 30 are, therefore, 

interpreted as evidence that the Jovian pulse character is not an 

ionospheric scintillation phenomenon. 

d. Seasonal Variations 

The comparison drawn in this section parallels the prece9ing 

discussion. Figure 31(a) shows the seasonal variation of radio star 

scintillations as observed by Koster and Wright [39]. Note that max

imum scintillation activity occurs near the autumnal equinox, while 

a lesser peak occurs near the vernal equinox. Lawrence and Martin 

observed the autumnal equinox peak in satellite scintillations, though 

not the springtime peak [42]. Figures 32, 33, 34, and 35 are seasonal 

plots of the Jovian pulse character index of the 18 Mc/s data for the 

respective apparitions Florida 1962, Chile 1962, Florida 1963, and 
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Chile 1963. None of these plots exhibits the anticipated vernal equi

nox peak. In fact, the only distinctive feature common to even three 

of the four plots is the November or December peak in Figs. 32, 33, and 

34. Here is more evidence that, since Jovian pulse character does not 

exhibit the seasonal variations of radio star and satellite scintilla

tions, Jupiter's burst fine structure is not a scintillation phenomenon. 

e. Frequency Dependence 

Radio star and satellite scintillation exhibits an inverse 

relationship with frequency as shown, for example, by Aarons [41] and 

Briggs and Parkin [38]. Figure 36, after Aarons (41], shows this 

relationship for scintillation on signals from Cygnus A. Note in 

Fig. 36 the increased SC?,-lltillations as frequency decreases from 1200 

to 108 Mc/s. The Florida and Chile data for the 1962 and 1963 appar

itions, plotted as average pulse character versus frequency in Fig. 37, 

do not follow such a relationship. In fact, from 15 Mc/s to 27.6 Mc/s 

the index actually increases, instead of decreasing as scintillation 

phenomena do. Once again, there is evidence that the Jovian burst fine 

structure is not a scintillation phenomenon. The Florida and Chile 

1962 and 1963 data, plotted separately, yield curves similar in char

acter to Fig. 37, and are not shown here. 

f. Altitude Dependence 

Hewish [37] showed that radio star scintillations increase with 

decreasing altitude of the source. Satellite scintillations behave 

similarly, as implied by Lawrence and Martin [42]. But once again, 
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Jovian pulse character does not .exhibit this behavior. Figure 3l(b) 

is a plot, due to Hewish [37], of radio star sci.~tillations versus 

altitude. Figure 38 is the companion plot of Jovian pulse character 

versus altitude for the 18 Mc/s Florida data of 1962. Clearly, the 

Jupiter fine structure once again fails to match a known characteristic 

of the scintillation phenomenon. 

g. Geomagnetic Activity Dependence 

Hewish [57} and Brown and Lovell [26] cite the correlation 

between radio star scintillations and geomagnetic activity. In times 

of increased geomagnetic activity, stronger scintillations are observed. 

Figure 59 is a plot of Jovian pulse character versus the Geomagnetic 

Activity Index K. The pulse character actually appears to decrease 
p 

with increasing geomagnetic activity which is additional evidence that 

the pulse character is not an ionospheric scintillation. The dotted 

portion of the curve represents only 2 per cent of the data and is 

considered to be unreliable. 

h. Solar Activity Correlation 

Previously the Florida group and others [4, S, 8] have noted 

some correlation between Jovian decametric emission and solar or geo

magnetic activity. N. F. Six [4] and G. R. Lebo [SJ have used a com

puter to examine the correlation between Jovian activity and the para

meters FXJ., FX2, FX5, FNl, FN2, FN3, SSN, A, and the solar 2800 Mc/s p 

flux density. The FX1s are solar flare activity indices for specific 

regions of the Sun [4]. The FN 1s are solar flare numbers for those 
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same regions [4]. SSN is the Zurich sunspot number, and A is a stand
p 

· ard geomagnetic activity index. G. R. Lebo modified the solar f l are 

program so that the Jovian pulse character index C could be examined 

for correlation with these same parameters. The computer performs 

a Chree analysis of each of these variables, and of C, itself. Figures 

40 and 41 present the results of this study for data of the 1962 appar

ition as recorded in Florida and Chile. Each separate curve in these 

two figures represents the output of the computer, programmed for Chree 

analysis, and shows how the variable under inspection behaves, on the 

average, during the period 35 days before to 4 days after Jovian activ

ity of character index C. The average is taken over the total number 

of days of Jovian activity having a particular index C. 

Figure 40 shows the results of the Chree analysis of sunspot 

number. The five curves represent average sunspot number as a func

tion of days relative to Jovian activity for various C1s and for the 

two stations listed. There were insufficient data for a meaningful 

study of C = 1 for Chile in 1962. The most interesting feature of 

this set of curves is the simultaneous appearance of strong peaks in 

the two curves for C = 3, Florida and Chile, 1962, at -6 and -23 days. 

Similar simultaneous minor peaks occur at -31 days. Note the absence 

of these peaks in the two curves for C = 2. The data for C = 2 do 

show peaking tendencies, but not nearly so strongly as the C = 3 

curves. Likewise the single plot for C = 1 exhibits peaks at o, 

-13, and -28 days. These data are much more sparse than those f or t he 

other curves, and no significance is attached to these peaks, especi

ally in view of the height of the 0-day peak with respect to t he others. 
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On the basis of the similarity between the Florida and Chile 

sunspot number correlations for C = 3 and for C = 2, and the differ

ences between the two pairs of curves, it is concluded that fast Jupi

ter (C = 3), does indeed depend in some way on sunspot number. 

· According to E. N. Parker [43], solar particle flux consis ts of 

at least two components , one reaching Jupiter in approximately 23 days, 

the other in 5 to 10 days. Clearly this . i."1.formation lends credence to 

the peaks observed for fast Jupiter (C = 3), at -23 days and -6 days. 

Furthermore, these data suggest that the Jovian pulse .character ori

ginates at Jupiter, and that in fact, fast Jupiter is simply normal 

Jupiter pulses modulated in some way at Jupiter by turbulence intro

duced in the ever-present solar w:L~d by sunspot activity (the 23-day 

effect), and by the fast particles ejected in flares occurring at times 

of sunspot activity (the 6-day effect). 

Figure 41 shows typical examples of the other correlations, 

none of which shows peaks at appr oximately the same place, and one can 

integrate the three FX curves visually and see that the result is essen

tially the same as the sunspot number correlation discussed above. The 

FX curves for C = 2 and C = 1 are not shown, since they behave sim

ilar to the FX curves for C = 3 in Fig. 2. This discussion applies 

equally to the FN curves, none of which are sho-vm. Apparently r.o spe-

cific region of the Sun influences the formation of the basic Jovian 

pulse character. 

Each Chree analysis curve for C resembles the C curve in Fig. 41, 

having only the expected main peak at 0 days. No cyclical effects are 

observed. 



The peak at -5 days in the A data of Fig. 41 is considered 
p 

spurious, since it does not show up on the other A plots which, 
p 
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again, are not shown. The A data are considered to be inconclusive . 
p 

Likewise, the 2800 Mc/s flux correlation appears to be incon-

clusive, the curve in Fig. 41 being typical of each of the various plots. 

The slow decline from -23 days to +3 days is present, though not so evi

dent, in the other data. Whether this decline is a real effect, is as 

yet uncertain. 

i. System III Longitude Dependence 

Curiously, the basic pulse structure seems to exhibit a slight 

System III longitude dependence, as Fig. 42 shows. In this plot 

appears Average Pulse Character versus System III Longitude, the data 

being that of Florida, 1962, at 18 Mc/s. Discounting the peaks and 

valleys outside the region 80° to 310°, wherein lies 85 per cent. of all 

the data, it appears that Source B (80° to 160°) tends to produce more 

f t J ·t th S A d C 1 t d from 200° to 290°. as up1 er an ources an , oca e This is 

construed as positive evidence of the origin of the fine structure at 

the Jovian environment, for there appears here a correlation between 

this fine structure and the actual Jovian sources. 

j. Dependence on the Elongation of Jupiter's 
Moon Io 

Since Jupiter7s activity is known to be related to the position 

of at least one of the Jovian moons, Io [44, 45], Fig. 43 was prepared 

as a plot of Jovian pulse character versus the departure of Io from geo

centric superior conjunction. The data were for Florida, 1962, at 
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18 Mc/s. In considering only the shaded areas as significant data, 

there is seen to be some tendency towards faster Jupiter when Io i s 

near 85°. In the other favored position, 240°, there is a slight ten

dency towards slower Jupiter. RGalizing that Io's position and the 

Jovian System III longitude combine to influence the probability of 

observing intense Jupiter activity, one can only speculate as to which 

parameter, if either, causes differences in the fine structure. On the 

basis of this evidence, the longitude dependence is favored as a source 

of fine structure characteristics, since the variation of pulse charac 

ter seems to be more clearly defined in the longitude plot, Fig. 42. 



3. A Comparison of Jovian Rad-io Bursts wi t h Artificial 
Satellite Signals at Appulse '-~ 

89 

The successful launching of NASA's beacon satellite S-66 

presented an opportunity to determine the extent of t he influence of 

the terrestrial ionosphere on radio signals, and hence to s~pplement 

the data presented in Sec. III.2, which i ndicate that the basic Jovian 

pulse structure originates either in the Jovian environment or in the 

interplanetary medium. The satellite orbits at approximately 600 miles 

altitude, well outside the ionosphere. Aboard are several CW radio 

frequency beacons, including one operating at 20.005 Mc/s. Since S-66 

first achieved orbit on October 10·, 1964, the University of Florida 

radio astronomers, as part of the regular decametric-wavelength Jupiter 

observations have recorded near-simultaneous signals from S-66 and 

Jupiter at appulse, in hopes of measuring the correlation between the 

basic Jovian pulse character and the ionospheric scintillations ob

served on the satellite signal. 

The apparatus for the experiment is relatively simple. Two 

identical 20 Mc/s, 3-element Yagi antennas separately feed crystal

controlled receivers. One of these channels, known as 20YJ, monitors 

Jupiter in the normal AM mode. The other, 20YS, monitors S-66, using 

single sideband reception to provide aural monitoring. Thus 20YS is 

set at, say, 20.0055 Mc/s (lower sideband), and the audio output of 

the receiver is a fading 500 c/s tone, easily heard by the observer. 

* This work has been supported under Proje.ct AOl of t he Uni-
versity of Florida NASA Institutional Grant No. NAS G542. 
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The audio envelope of the Jupiter activity and S-66 signal beat tone 

are displayed side by side on a Brush dual-char...n.e l oscillograph, gen

erally operated at a chart speed of 5 mrn/s. Channel 20YJ is detuned 

from the S-66 carrier to approximately 20.015 Mc/s, so that the Jupiter 

record will contain no interference from t ~e beacon. In the absence of 

20 Mc/s Jovian activity the other regular channels ranging from 10 to 

55 Mc/s may be displayed on the Brush in place of 20YJ, permitting the 

observer to make use of any Jupiter storm available during an S-66 pass. 

In principle the effects of Jupiter activity superimposed on the S-66 

record could be removed by some subtraction scheme. Thus far the devel

opment of this technique has not been necessary, since no records have 

been sufficiently good to contain this interference. Usually the 

Jupiter activity has either preceded or followed the S-66 pass by a few 

minutes, or the bandwidth of the Jupiter storm has not included the 

beacon carrier, and Jupiter-beacon interference has been no problem. 

In the same manner as described in Sec. III.2, the pulse char

acter is described quantitatively by an index C which is assigned the 

value 11 1 11 for slow Jupiter, 11 2n for normal Jupiter, and 11 511 for fast 

Jupiter. Correspondingly, the S-66 signal scintillations are assigned 

an index S similar to that used by Martin and Lawrence [42] and ranging 

from 0 for no detectable scintillations to 2.0 for extreme scintilla

tions. The two indices are described in Table 1 of Sec. III. 2. 

Figure 2, Sec. II.2, shows examples_of Jupiter pulses described by 

C = 1 (top), 2 (center), and 5 (bottom). Figures 44 and 45 illustrate 

S-66 signals with scintillations described by various S values. 
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Figure 44 shows two portions of the dual-trace oscillograph recording 

obtained during an S-66 pass on January 17, 1965. From the top, the 

four traces represent,respectively, 20YJ near 1813 E.S.T., the S-66 

signal near 1813, 20YJ near 1807, and S- 66 near 1807. There was no 

detectable 20.015 Mc/s Jupiter activity during the time covered by the 

figure. The purpose of the figure is to show examples of satellite 

signal scintillations of different magnitude. From 1806:44 to 1806:54, 

S = 1.5. Time progresses towards the right, as before. After 1807, 

S = 2.0. Then, near 1813, S = 0. Figure 45, a similar record contin

uous from 0213: 35 to 0215: 34 E .s. T. on November 2G, 19 64., co1:i.tains 

examples of S = 1.5 near 0213:30, S = 1 from 0214:25 to 0214:50, and 

S = 0.5 after 0214:50~ Thus the figures contain examples of all values 

of the scintillation index S described in Table 1. The 22 Mc/s Jupiter 

activity shown in Fig. 45 will be discussed after the explanation of 

the presentation of the data. 

First note that the index C used to describe Jupiter 1s storms 

is essentially a measure of frequency, while the scintillation index S 

is a measure of amplitude fluctuations. In justification ·of drawing 

a comparison between Jupiter activity and satellite scintillations 

using the defined indices, Fig. 46 is presented. Here is shown a scat

ter diagram of Scintillation Index S versus Scintillation Frequency for 

the data which will be used presently. The marked correspondence 

between Sand the Scintillation Frequency, the tendency for the points 

to line up along a diagonal line f rom lower left to upper right, is 

evidence supporting the validity of the comparison which follows. 
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Fig. 45 .--A direct comparison of Jovian burst s t ructure with satellite signal scin
tillations. Near-appulse time is 0215 E.S . T. At 0213: 30, scintillation index S = 1.5. 
At 0214, S = 1.0. At 0215, S = 0.5. Jovian pulse character i ndex C = 1.0. 
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Consider Fig. 47(a), a hypothetical scatter diagram of C 

versus S. If the index C is truly representative of an io~1ospheric 

scintillation phenomenon, then simply tallying each appulse in the 

proper portion of Fig. 47(a) should tend to fill in the shaded area. 

For example, an instance of no observed satellite signal scintillation 

(S = O), should correspond to the long Jupiter pulses (c = 1). Like

wise, strongly scintillated S-66 signals (S = 2), should correspond to 

the short Jupiter pulses (C = 3). A moderate amount of ionospheric 

scintillation (S = 1) should produce normal swishing Jupiter (c = 2). 

Table 2 lists the t wenty observed appulses, with such perti

nent data as date, minimum angle subtended by S-66 and Jupiter during 

the observation, time of appulse, time interval between the Jupiter 

activity and appulse, the S-66 20.005 Mc/s signal scintillation 

index S, the Jupiter pulse character index C, and the frequency of the 

observed Jupiter activity. The large_range of minimum angular subtence 

indicates the difficulty of performing the eA--periment and the quality 

of the statistics of the data. At best the data can only reliably sup

port general qualitative conclusions. 

Figure 45 is an example of the data taken during this e.-:)eri -

ment. The upper trace is the record of the S-66 20.005 Mc/s signal as 

received on single sideband. The sideband mode is necessary for aural 

monitoring of the CW signaL The lower trace shows J upiter activity 

heard simultaneously at 22 Mc/s. Note that the character index for the 

Jupiter activity is 1, while the scintillation incax for the satellite 

signal is O.S at appulse, occurring just after 0215 E.S.T. [~6]. 
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TABLE 2 

THE GENERAL COMPARISON OF JOVIAN ?ULSE CHAR.L\.CTER WITH 
ARTIFICIAL SATELLITE SIGNAL SCINTILLATIONS 

NEAR .APPULSE 

Minimum Time of Time 
Angle Jupiter Between Jupiter 

Date Between Activity Activity s C Frequency 
Jupiter (E.S.T.) and (Mc/s) 

and .Appulse 
S...-66 Begin End 

Oct. 20, 1964 47° 0727 0734 - 7m o.s 2 20 

Oct. 31, 1964 lo 0702 0703 +6m 2.0 1 20 

Nov. 20, 1964 710 0211 0218 0 1.0 1 20 

Nov. 27, 1964 43° 0240 0240 +lh02m 1.5 1 20 

Dec. 8, 1964 88° 2313 2318 - 33m 2.0 3 18 

Dec. 10, 1964 33° 2327 2332 +Sm o.o 2 15 

Dec. 16, 1964 35° 2248 2259 0 0.5 2 20 

Dec. 17, 1964 11° 2328 0005 _gm 0.5 3 10 

Dec. 19, 1964 19° 0030 0051 - 42m 1.0 1 18,22 

Dec. 31, 1964 90 2100 2100 +3m o.o 2 20 

Jan. 1, 1965 50° 2311 2325 -lm 1.5 2 18 

Jan. 5, 1965 56° 2050 2115 +15m 0.5 2 18,22 

Jan. 5, 1965 280 1905 1917 +28m 1.0 2 18 

Jan. 7, 1965 43° 2033 2042 0 0.5 2 20 

Jan. 8, 1965 50° 2058 2237 0 0.5 3 10,15 

Jan. 11, 1965 25° 1926 2110 2"m - 0 o.o 2 20 

Jan. 11, 1965 55° 1926 2110 0 0.5 3 10 

Jan. 12, 1965 11° 1942 1955 -1? o.o 2 10 

Jan. 15, 1965 21° 1919 2050 -15m o.o 2 10 

Jan. 17, 1965 27° 1920 1932 +lh06m o.o 2 18,20 
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The regular Faraday fading is quite evident and there is superimposed 

scintillation of approximately 50 per cent modulation. Note again that 

one would expect a character index of more than l when ionospheric 

scintillations are present, if the basic Jupiter pulse character is 

ionospheric in origin. 

Figure 47(b) is a scatter diagram showing the correspondence 

between C and S for the series of observations between October 10, 1964, 

and January 31, 1965. Note that the results are not at all as expected 

(Fig. 27(a)), if the Jovian pulse structure were of ionospheric origin. 

Instead of grouping along the diagonal line from lower left to upper 

right, the tallies seem to do just the opposite, grouping about the 

diagonal from lower right to upper left, although the pattern is, to be 

sure, not precisely defined. However, this trend is maintained in 

Fig. 47(c)), in which appear only those .tallies for the four instances 

when the minimum angular subtense of S-66 and Jupiter did not exceed 

11°, and the time between Jupiter activity and appulse did not exceed 

15 minutes. These characteristics appear at the right-hand side of 

this diagram. 

Since the data do not fall into place as suggested in Fig. 47(a), 

the results are interpreted as implying t hat the basic Jovian pulse 

structure is not an ionospheric scintillation phenomenon, and that in 

fact, the basic Jovian pulse character is determined at Jupiter or in 

the interplanetary medium, in agreement with other pulse character 

studies discussed above in Sec. III.2. 



CHAPTER IV 

CONCLUSION 

The intent of the studies described in the preceding chapters 

was primarily to furnish new information to aid the theorists in their 

search for a suitable physical model of Jupiterls decametric radio 

emissions. Specifically, it was hoped that the influence of the ter

restrial ionosphere on the Jovian signals would be determined in order 

to recognize those features of Jovian spectra and burst morphology 

which are due to ionospheric modification, and hence need to be ex

plained as part of the nonthermal Jupiter radiation mechanism. 

The major feature impressed on the Jovian bursts by the ter

restrial ionosphere seems to be the Faraday rotation seen clearly in 

our spectra. Thus a by-product o'f this work has been the calculation 

of the frequency dependence of ionospheric Faraday rotation in the 13 to 

20 Mc/s region of the spectrum. The added ability to predict prob-

able times of intense Jupiter activity through a knowledge of Io 1 s 

influence should aid in the future gathe.ring of spectra for such pur

poses as refining and extending the Faraday rotation calculation. 

Thus at times of expected Jupiter storms, an extra observer might 

devote his time· fully to the intelli_gent collection of spectra, which, 

let the author assure you, is a full-time job . A second observer would 

provide other meaningful ~xperiments with a better chance for success. 

Through such efficient use of a special observer the spectra collection 
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could presumably be improved significantly, so that a meaningful sta

tistical analysis of bandwidths and frequency drifts of the spectral 

features would be feasible. 

The most significant contribution of this work is the extensive 

evidence indicating that the Jovian burst fine structure originates out

side of the .Earth's ionosphere • . Hence, unless the occurrence of slow, 

normal, and fast Jupiter can be shown to be due to a modulation occur

ring in the interplanetary medium, this phenomenon is an additional 

clue to the nature of the Jupiter nonthermal radiation mechanism. The 

author believes that the -Jovian burst fine structure forms in the 

Jovian environment. .Although there is lmown turbulence at the boundary 

between the Earth 1s magnetosphere and the solar particle flux, the 

interplanetary medium is rather tenuous and one finds it difficult to 

imagine its weak fields (approximately 5 ·x 10-S Gauss [47]),and low

density fluxes (approximately 10/cm5 [48]), creating modulations com

parable to the steep-wavefront pops and sputtering spits of fast Jupi

ter. Indeed, such strong scintillations have not been observed at 

Florida in the artificial satellite signals traversing the ionosphere. 

On the other hand, the correlation shown in Sec. III.2.h between fast 

Jupiter and the arrival at Jupiter of two different components of the 

solar particle flux suggests either that t he dumping of these particles 

into the Jovian environment imposes a modulation on the signals, or 

that these particles themselves are accelerated by Jupiter 1 s magnetic 

field to become the fundamental radiators of the Jovian storms, in which 

case the Jovian burst structure reflects the turbulence of the solar 

particle flux itself. 
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