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OFCAMETER-WAVE RADIO 08SERVATIoNS OF JUPITER
DURING THE 1977 APPARITION

By

J.K. Umandere 41.L. Kaiser. J.R. Thieman♦ and S.S. Vaugluin•
l:anatary Magnetospheres Branch

Laboratory for Extraterrestrial Physics

This report prejents a catalog of observations of Jupiter's

sporadic decameter wavelength radio emissions obtained with the Goddard

Sparc Flight Center Jupiter Monitor Network between June 1977 and

May 1978. The data catalog is a continuation of a series of reports

on results of the NASA Jupiter Monitor Network program. The details

of the observing technique and data analysis procedures are discussed

in earlier catalogs (references 1 thru 4).

The Jupiter Monitor program is designed to utilise a multi-station,

global network of monitoring instruments i order to obtain nearly

continuous. synoptic observations of the planet. During the 1977

apparition of Jupiter, data wera collected using the Goddard Space

Flight Center station in Greenbelt. MD. and at newly installed facilities

at Orroral Valley (Canberra). Australia and the Nancay Radio Observatory

in France.

•
	 Observations were obtained daily at frequencies of 16.7 and 22.2

MHz using five-element Yagi antennas at each end of a two-element
	 i

interferometer. During the 1977 apparition. the Goddard and Nancay antennas
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did not track but remained fixed at a Siven hour angle on any particular

day. Consequently the maximum possible length of an observing period

was six hours per day. Automatic tracking of Jupiter for up to 12 hr/day

was possible at Orroral Valley. however, radio frequency interference

problems limited useful observing periods to a significantly lower value.

A summiry of the data collected during the apparition is tabulated

below. The flux sensitt-ity of the survey is estimated to be

S x 104 Jy for Goddard ass Nancay and 2 x 10 5 Jy for Orroral.

FktQUENCY	 STATION TOTAL AVE. OBS. AVE. OCC.
OBSERVATIONS PER DAY PROBABILITY

16.7 MHz	 Goddard 746 hr. 5.0 hr. .257

Nancay 755 4.7 .258

Orroral 350 4.1 .117

22.2	 Goddard 1332 5.1 .069

Nancay 925 5.6 .058

Orroral 1110 7.7 .024

Plots of the two-dimensional emission occurrence probability dis-

tribution as a function of Syetem III (1965) central meridian longitude

(CML III) and departure of Io from superior geocentric conjunction

(#Io) are given in Figure 1 for 16.7 MHz and in Figure 2 for 22.2 MHz.

The complete data catalog is given in Table 1. Observations at 16.7

MHz are listed first and are followed by a listing of the 22.2 MHz

data. For each day during the 1977 apparition, we list the Universal

2



Time (to the nearest S min.) of the beginning and &M of each period

during which useful. interference-free observations of Jupiter could

he obtained. The corresponding values of CM1. III and #Io are also

listed for each observation period. For those occasions when Jovian

decamrtric activity was unambiguously detected during an observing

period, the beginning and and times of the tctIvIty interval are listed

1

along with the corresponding values of CM1. III and #Io for the event.
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Table 1. Catalog of Jupiter obaervntiona and activity at 16.7 aid

22.2 MHs for the 1977 apparition obtained at Goddard Space

Flight Center. Nancay^ France and Orroral Vslley^ Australia.
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ht-

n••C:•^hCC— h
maln • 	 Nnmr^rin^'! ►̂ CQ>DGlnot•JNNN^- -^ — •i^•^'l ►f^'flrlMdc7c0
hhh h^hhhl^hh^^D^D^CIAnlr9n

nN acnmNN--
r. Inv+ lA

p•̂
!

Mo^nn
dd

min.^^
dd

G
^^

• ^'

4i^
N_N_ CJ

^^^

_♦ n_O_h_h000^
^N^cicINNN^^^^

^^^^^^^^^^^^^^^O^O^O^O^

^•^

N
O^

NNC7N
0`Q^O^O^

NCI
0^0^

Nci@^9
0^0^0^

\N
••

D\ \\
^^

\\\
^^^

\\\\[[\̂.. 11.\... \\\\\11.\^,, ((\̂.. \\11v\^,, \\11\̂..^^^^t^.h.^^^^^h.Ir^^tr^^lr
\
N

1\.\\\
t-^^^

\\
^^ \\1.\.^^f^

\\
h^

N

-^yam,+



	

N o^ N co	 o^	 n	 a^ o h m	 ,o	 — —	 a

s
4.	 I	 I	 I	 I	 1	 1	 1	 1 1	 1	 1	 1	 I	 I

o	 r ♦ mo w	 .^	 w	 f^ • M a	 w a	 ^o

	

.. 

^ Cn9 N^	 ti	 h	 r^ ^N ^ ^	
w 
n N

	

•^ h !• ♦ 	 •	 •	 t- N N 
iOQ^^^•pp

	 w M	 •

	

^r
.. • N_ hh	 ^	 ^O	 • h^ +

	 N	__^ t[I.1• A NN	 ^	 ^ N	 C
^_ ..,,,,^^ ^ 	1	 1	 I t	 1	 1	 1	 1 1	 1	 1	 i	 1	 1

	^Vv • N ^O	 •	 N	 h ^h M! ^	 N A ^O

p^	
N Nf NN	 ^	 ~	 t'̂f NN N	 N	 N N	 N

i ^+	 ^ N C•'f N	 •	 ^	 N Cn'^ ♦ N

	

C^ r ^ ? ^0 0• •	 ^D	 ^D	 ^D m ? Jt!	 ^0	 ! ^O	 t-

1-	 v{v 1	 1	 1	 I	 I	 1	 1	 1	 1 1	 1	 I	 1	 1	 i
QI ^'

	

u 
f•^I n ^ c^i vni 	^	 ^	 °— ^^ h	 N	 ~ ^

.^	 oar ^ ^o a e	 r	 n	 ^o m e eo	 n	 a s	 ^nr
v

L	 ^0 N	 ?mp♦̂ ^ ?m • hO^N

pp

• hmN? ♦ mc9N hm
	

^Nj NO

S ^0^1A^ M
p
l
^ h•

	

— N	 ^^N C7~ m N^N^ t7^t^CN9^^^^ N N h N 1- ^^0' N nN
C^	 O.	 I	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 t	 1

8Q O	 m N	 r^O ••mhh • ^O C9S • ^O•^O^ ' Mf h	 N OW N •h^ON ^O nc9r	
^0 ^	 Nnh	 ♦ ^00•N^O'9 — fmm•C9^00^ •	 h ^c7 ADO•— n h m•

	

f'	 c^C^t+ mNN^O •• ^ Mf hm•c^nnO^C9 C^	 h ^N ^D^O-- M!	 m

	

c'f —	 N	 N—C!•- N	 N ^c^e'^ — c'f—	 M	 —	 N	 N — c7 —	 rl

N
CI`	 M •	 • ^^O NhCim • O^MI • ^D ^NhC^Jn n	 • SON mf' m? N f>,•
lNVO

_ 	MJ •	 •MfM c9 Om^0^0	 (V ^Nt^^. f•rfN • ^o	 N e^t^- trnMCD ^^ ncf
^•	 ,D	 ho•^ C9 ^D •• h	 I^Op^ ^CIhN — ^D 0•	 h ^^ 	 n•0•	 CI hN

F• -^	 co ca	 — c^! •- ^ N ^ ^	 !V N — co — N N	 N	 — c9 cv	 — c^<—n
r	 ^p	 i	 I	 1 1 1	 1 1 1 1 1 1 1	 1 1( 1 1 1 1 1	 I	 1	 1 1	 1 1 1 1	 1	 1 1

f
°I

Qm
.^^1
i9^ °_—^ 	 m •	 a•• rs,—^o — hee^ haaa — ^oN^ h	 ee ern — heee^ n —ao

OV	
N ^ m^N N^^M^ C ^ N m ^C ^^N ' ^ N Cnm9^ N^N^ 10 c")^

5	 _	 ___ __^^___ ..
I	 I

♦ 	

1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 (	 1	 1	 1	 1	 1	 1	 1	 1	 t	 ► ,	 1	 1	 1	 1	 1	 I	 I

F--^	 ♦ ^	 tnn ^^ ?•+ ^^ NMCrylh,^C♦̂ MCM'9 C7	 C1 ^^ ^NNN N ^N

OG 	 c9 f	 n^Oh m0^ • — N C"! t n ^O hhmC^N N	 N ^N ^ — N C9 ♦ n
C7 C9

	

\ 1	 \ \ \ \ ^ \ \ \ \ \ \ \ \ \ 1 \ \ \	 \ \ \ \ \ \ \ \ \ \^^ • • ••• ••••••• •••••1.O • • •• ••^^ ^ ^^
^	 ^ r	 r .^ ^ .....^ .. ^ .^ .• ^ ...r .r ...n .^ ^ ..	 ... ^ .^ .w ...r .. .n .r ..
D \	 \ \	 \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ (\. \ \ \ 	 \ \ 

hh
\ \ \ \ \ \ \ \

N ^ ^ ^ ^ ^ ^ ^ ^ ti ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ f^ ^ N ^ ^ ti

A

.^.

.^^	 ^.	 - - —	 ,..r.



• ♦ P • 4 .. ca ♦♦ h c^ h o^ n s

^ ^
•^O

• N
^

• ^ NN 01
? ^

d 1 1 I 1 1 1 1	 1 1 1 1 1 1	 I

O h ^O ^O c9 c'^

c•O
h h ^ • h •

..

^

t^A

^ P n NN ^ ^ aPD a nn^ N

h N c7 ^ h r+ • — ^o -^ N n •
^_.^► ^ O ^ ^ ,•p

p

^ N^
^ h

N NN__^• N CI N C1
Y^^ 1 1 1 1 I 1	 1 ^ I I 1 1	 i
..	

^ h ? .1. h P ^D ^ • m • ^

^ v

• Op^
^^yD

^^ ^̂•yy ^ ^ r•'! try ^ N ^ M O^ • ^ C'^J
N N co N N !4 C^ N C7 — N

r!
^
M
y
^ h • h rf

M̂^
yy! Iff • ^ n ^

I 1 1 I ^ 1 I 1	 I 1 I 1 i 1	 I

~ ^ ^ CN9 ^ ^ ^ ^p ^ ^ ^ h ^ La M^

W

a
4 ^• m — hQN N CO CI NM C7m h M?^4:'7m4 O^h4 N?^0^ 0`	 ►-
V1

a^ f
Ch♦l^nN

• •M•f CP9N O^ N^^^^O^(^1 ^0^^ ^I~rfs^
^L>: ! !'^

^0^
IY Nt ^

4 0. I	 t I 1	 1	 1	 1 1 I	 I I	 I I	 I 1 I	 I	 I	 I	 I	 i	 l I	 I	 I 1	 1	 1	 1 I	 I

C ^oN ♦ m^NMf r Cl^O a• •^ n —o^tOSO^ nn— e^0^-^• ^O	 m
L .,.

^P ^ iti^N^h = ^ N^` ^h P O^C^Q h N
CSI

h hP
^P

^eD^r9 ^	 0^

N

CI ^h c9 O^^OOh !! 0^^0 N0^ r!N ^O^hf^•hh ••h c9•hC^ m	 ^D
^. M^ O^

+'
^I`h^ —Q	 ♦ ^

?h ^' N0^^O^ T^0 P^t00^hhhh —	C/h N hO^	 N t'!lh•LOhCl — M!
O^	 ^O
7	 C^'^• ^N..^.,

^
^
^
C	

^ 1	 1 1 1	 1	 1	 1 1 1	 1 1	 1 1	 1 1 1	 1	 1	 1	 1	 1	 1 1	 1	 1 1	 1	 1	 1 1	 1

1: tmmv^— •• O ^O @90^ rl11 On .. m^^h^•10 h^0` ^OClm^O c^	 •

t`#
oV n^ ^

c0e^
c
•̂

f}
•

C^N^Nh ^ ^h ^a CP̂ N ti ^^n^a^^ coha ± i n^ ^	 e^
^, N N C9 — c> — N — M — N N C! — N	 — N	 -- co — N —	 CO

^^
inn n ••

ii==
n

.
n

:^
mn

m^ ^^
m

^
mnmon	 m

^^::m^m
n n

^^^
mmm^
^^^^

a	 o
.r̂ ^^ ^ _- _ _^ __ __ _ .._....	 _ __

1 1	 1 1 I	 i	 l	 l I 1	 1 I	 I 1 1	 1	 1	 1	 1	 1	 1 1	 1	 1 1	 1 1	 1I

♦

♦ I

0o

1♦♦ 1
•

•

c~9^C7P9~ ^ C N N NNInM•! n ai +M t^ t ?^^^^?^D ^tM CM9	 cN]
S

^ ^Oh m Cm — N., ^ !9 4^ q ^Oh 0a'.... ^ NNlVNClNN N^N ^ NM ^	 n
(v \ \ \ \ ♦ \ \ \ ^ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \\

\ N Nee--
^

^^ ^ .n^^^ .. —.^ r..
^1 ^

w. .r
^ AI

..
A

.n .. .. ^.. ..^..
^I	 ^^1	 ^1 ^ AI Al

.. ..^
^ ^ AI

^	 N^ ^ ^^ N	 N_^1t
Q \\

rl ^

\. \

^
\

^1 ^ ^ ^
\ \ \ \

^
\

^ ^
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \	 \

?^
(h ^

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ h ^ ^ ^ ^ ^ ^ ti ^ ti ti ti ^ ^ h ti ^ ^	 h

^	 ,^^ab a



e^ N c^ cb ^ • ♦ ^o Ip • n • cfl O n c^ r
1.7 N qqr n h r C••'!pH^ ^O 0^ O^ H_ N r

t7 ttr
~ N 09 N ♦ ^ N/'7 ~ ^N ^ ^ N^ N

d 1 1 1 1 1	 1 1	 1 I 1	 1 1 I 11 1 ( I

O ^ ^ • r h M f0 c9 ^1 • 0^ m r...

^

•

•♦ d

r

y
^ ^ ^ ,O S m ^

^ N
p

• C/ ^ f-
1^1 C9 N M

N
N !NV C!=

h C9 It! ^0 h ^O 10 • hh ?•p e

O

O

^
^ ^

0^ Mf•mP

^

.ONp

F_^_^^ N N N e9 ^N NN Co eN9C~'S NeMO t'f N
^ 1 1 I I 1	 1 1/ 1 1	 1 ^ 1 1/ 1 1 1

1-^ ^ = ♦ r ae rf • en a ae 1r N ^ N --

f	 < ^
1^

^

C

e

+

^

^N N^ ^ N^ ^
p

s

i

M

^

w

^ N NN N N N !'1 C)

I{IF^^^	
., i ^ ^ ^ ^ n N N n N IH

n
• i ^ ^ NHj

W
V ^^

h C9 Y! q ^O C Mf ^0 r ^D ^D ^ Ilf M! h N `0 N

W 1 ^ 1 I 1 1	 1 1	 1 1 1	 1 1 1 1	 1 I 1 1

C ^ ^^0~ ^ ,O N ^ N rf^ r^ ^^ H 1 ^ N

^ r f00^i ^O ^^ t3S ^ •r' —r3 Yf — t-' ^ 0m^i^p^^C.^. ^+ pr'C^ hr
m

5

`t t/6^1
^ p^?̂ NlrmC! MN^ ^ ^(^y ^^f'M♦7 N H11^ ^ ^(

V

^^? ^C''J ^
^

N
^C^^ N N -^ t7 ^C9C9N N ^ C!^C^^ N —^

n. 1 / 1	 1	 1	 1 1	 1	 1 I 1 1	 1	 1	 1 1	 1 1 1	 1	 1	 1 1	 1 1 1 I

O_ -^ • 0^ ^O • • • @'1 ^o ♦ CD .. A t0 • 10 -• N P1 ♦ e^ ^O A ti e^ h r
^ ^p mMr Nr

^NN
I>, ♦ hmf'9 Nh O

r
N^hm co

C♦̂^^
10
N

N n
tv

r ^ tDNM^ ..	 N ^D N ^rtyeH!^ N N O^N^ ^

N
CI 'A C J ^ ^O :'^ O^ ^ C^ O • .0 — ? ^O Ir! O^ O^ Mf N O r ^ W r ^ h ^7 m ^D

^
N t

O f' N O^h r N c9
n^^

m M ^JOB ^ N N --hNm O n co
r

-- c0
h^^• ^ c'1

cFV^O^! N
N

h cici^
nr o^ mclN^o m^ ^``N1

^	 ^ I I 1	 1	 1	 1 1	 1	 1 I 1 1	 1	 1	 1 11 I 1	 1	 1	 1

fir'^h
I	 I 1 1

Cf
1

(C^p^^^
O Jv

.O

^ n

T.00^O^

nmar

^ONO^

C^N

^O

^

N

^

Q^M^OC7

^^^^o

f^Mf

M^

N

M ^̂ ^C11la~I'Cn9

rm^Oy
N

ti N
^ N N M ^ N N ^ GO	 N N ^+ C^ ^ N CJ -^ N C!

1f^^

^ ^ ^^^ ^^t-h h^ ti tif"^ C OH O` S ^ ^ ^M+l t, ^ COm CO h
I^^177777

1

1 1	 1	 1	 1 1	 1	 1 1 1 1	 1	 1	 1 11 I 1	 1	 1	 1 1	 1 1 I I

S m • •am• n • rf r, •M • a as m • n•n ma m n ►̂
CI r ^ mmm IAI+^ M ^ C9 C^N 'r

^
-^^- ^Hhr rc9 c^ C! N

l^^
sj

M N C7 C9 C7 C7 N N N N N C .D N N N C! !---
e	 ^

Q ^D h 0^0^ •^ N C^ ^ h ^O h G0 0 0^
^N

^̂yy
N

^̂pp
^NCJN NN

pp..

CI C^'J C1

tN
N NNNN NNN N N NNNN NN y ZVNNN NN N N N

i+ ^ N tih^h h^ti ti N ti^hti ^ti ^ ^^^^ h^ ti ti

*^ A



N O^	 H ID	 O' f.	 m	 ^^ h h Q h	 h	

p•^ h

	 A^*O

lY	 fCC"'"`^	 C^7	 CI
d	 I	 1	 1	 1	 1	 I	 I	 1	 1	 I	 I	 I	 1	 I	 I	 1	 1
O	 ^ ?	 ♦ N	 N N	 O^	 — • c7 ^0 C	 ^0	 m A	 r •

h •	 h h	 o^ t^	 n	 c^ c! h ^o —	 m	 ♦ e^	 h •

	

^

_ ^.	 O^ ,•pip N	 H Nc,pp7	 *+ 
♦ ^O ^j	 O^	 • N♦ 	h h

	

+ = y	 ^ N	 N N	 Nom.	 N	 ^+ ^ N N ^	 N	 ^ /+1	 •• ••

r`n	
^	 1	 1	 I	

y

y1	 1	 1	 1	 I 1	 1I	 I	 1	 1	 I 1	 ( 1

^ C I	 C! N	 N ..	 N	 ^ N N N C^	 N	 N^	 ^

H ^	 H rl
	

^ ^	 ^	 CI H h 
^D C+	 ♦ 	 f N	 C7

V ^ n

F-	 i^) I	 I	 1	 1	 I	 1	 1	 1	 1	 1	 1	 1	 1	 I	 11	 1	 I

	.V. C_ ^
	 1f^ N N
	 H CA'!	 N	 •	

H	 • •	 ^ p
..1 to	 ^ t♦'!	 ♦ 	 N H	 M	 ^^ ^ ^ ^	 ^	 ^..	 ..N

VR
O.	 ^O H — ,O ^0 C9^0 h CI ►'!H^9^^ ^i	 CI ^ ♦ C9mCIN ♦ h	 N ♦

^ V N h ^^ ^O ^0 • ^ h ^^^^ C7 th9 ^ N ^^N^^ ^^ nN
PI —	 N	 N — t'! G'! N N	 {V --	 C". —	 ^- — cV cC^J

d	
.1.	

I.	 1	 1	 I	 1	 1	 1	 1	 1	 1 . 1 	1	 (	 1	 1	 1	 I	 =	 1	 1	 1	 1	 1 . 	I	 1	 I	 1

VQVQVQ O	 M! ma e^ hN. Ip h
m
o -^hhO^ Mf^O	 • '

p
a 	 N• ♦•

e^y9 ^

♦ycb	 -^e^

	

f•̂ . N ^^O ^ NMH! N ^+^SC^^n N^	 ^ r,'! ^ h^^^N cVrvf	 ^^!V ^	 ..	 ..., ..

N

iyV:	 N • Mf g W e'9• ^0 O 'fm^OmN IOC9	 O^ ^O ^ N ♦ hNN ^•	 C9 C9
c+^ ^ •► N̂Dy ^1	 N O^ h H	 h ,̂ ,Opp ^O C9 0^ —	 C^ OMMB N gNqhp O^ h C^ t C7 	 N
^^h N _ rA ♦ N M ^ — C1 H ^ — C^! ^^ h C7 ^ lh^ — ^N 

CC9 
N^

'^	 ^p	 1	 1	 1	 1	 I	 I	 t	 1	 1	 1	 1	 1	 1	 1	 11	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1

	tm
W^^ ^O N m ♦ • hpp c'! O^ — hCIO^HN ^+ f•	 N — ♦ • C^H^p

♦
^ N ♦ 	 ON

	

C,v m ^ ^O^ M N^ C! ^^O^^^N ^^	 M C^ H mn N CG'^ fA'+	 ^^
-^ H	 N	 ^ C) N ^ C: — N N	 CI	 — C: C7	 N N C7	 —
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