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ST-M- 2W- 10560 ___- ____ 

bFASIJRl3ENTS OF KILOMETER COSMIC RRDIOEMISSION _____--- 

IN INTEWLATET,UY SPACE" 

Kosmiches k i  )-e I s s ledown iya 
Tom 6 ,  b ? p . 6 ,  923-931, 
Izdatel'stvo "N.WKA", 1966. 

by V. I .  Slysh 

1hta have Iwen obta incd on the in tens i ty  of low-frequency radioemission 
i n  iiitc~rp1aiietary s1);1ic x c ~ r d i i - q  t o  lneawrements of t h a t  emission Erom i n t e r -  
p1,iiiet:iq~ prolxs (AIS) Zond-2, Zond-3 and Venern-2 i n  the 20 t o  2200 kcisec 
fwqiicncy l ~ a n c l  . 

'lhc i n t e n s i t i e s  measured i n  the frequencies O C  985,  2000 and 2200 kc/sec 
a r e  i n  riqrecment with the  measurements of the q a l a c t i c  background performed by 
othcr  authors .  

I n  the 210-220 kc/sec band the spectrum increases s teeply toward the s i d e  
01- low frequencies;  the var ia t ion  of  in tens i ty  with d is tance ,  the observation 
of interference lobes and, possibly, t h a t  of occul ta t ion by the Moon, point  t o  
.Jupiter as bein2 an emission source, a t  least i n  the frequency of 200 kc/sec. 

'The occul ta t ion by the Moon took place i n  the presence of d i f f e r e n t i a l  
I-ci'raction in the upper ionosphere. 
.X l\c/scc the observed radioemission may a l so  be conditioned by the schrot  e f f e c t  
of  interplnnctary e lec t rons .  

In  the very lowest frequencies of 20 and 

'rhc radioemission spectrum of  ,Jupiter in  kilometer waves agrees w e l l  with 
. T \ i p i  t e r ' s  spectrum of decameter radiocmission. 

* 
* *  

Ihiriiig mcasuremcnts of cosmic radioemission on the AIS Zond-2 it was revealed 
tli:it i n  case of  reception 011 n short  dipole antenna, the radioemission f lux i n  
i i i terplnnetary space cons t i tu tes  about 3 .  w/mLacps in  the frequency 3f 
210 k i / sec ,  1vhic11 exceeds by about 100 times the an t ic ipa ted  radioemission flux 
oI' the (;alaxy i n  the same Crequency [l]. The existence of comparatively power- 
1'ul rxlioeinissiori i n  interplanetary space in  the lonqwave band was conf inned i n  
n new s e r i e s  of  measurements aboard AIS Zond- 3 and Venera- 2 i n  1965- 1966. 



,I ~iiorc c I rc~unstant i a l  c3h:ir;ictcr. 0 1 '  1:ist IneasiIrements and c c r t a i n  favoralile 
conditions allowed us  t o  investigate ;i s e r i e s  of propert ies  of the source of 
t h a t  emission. 
t h a t  source. 

Evidence is  presented i n  the current  work t h a t  J u p i t e r  may be 

>FAS-ENTS ON AIS ZON1)-3 ___ ---___ 

AIS Zond-3 was launched on 18 .July 1965 toward the o r b i t  of Mars. A three-  
channel ineasurement radioreceiver with frequencies of 20 ,  210 and 2000 kc/sec 
m s  i n s t a l l e d  on board the s t a t i o n .  A s  i n  the case of Zond-2 the  dipole ,  formed 
li), the s t a t i o n ' s  frame a n d  a 3.75m long metallic rod served as the  antenna (Fig.1).  
The amplification fac tor  control was conducted by set noises .  

Fiq.1. 

.bitcmia s!v;tem for  thc meclsu- 
nwcnt  of  low- frequency raclioemis - 
5 io11 almiid i t itcrplanctary s ta t  ions 

The r e s u l t s  of measurements conducted 
a t  d is tances  from Earth i n  tens  oE mil l ions 
of h i  lometers sliow t h a t  in  the frequency of 
2000 kc/sec the cmission flux i s  i n  agree- 

Galaxy, while a t  lower frequencies a rapid 
increase i n  the flux with frequency decrease 
i s  observed. 
radioemission is i t s  r e l a t i v e  constzncy i n  
time: i n  the frequency of 210 kc/sec the  va- 
r i a t i o n s  do not exceed 5 t o  1 0  percent.More 
s i g n i f i c a n t  var ia t ions  were observed i n  the 
frequency of 20 kc/sec. Separate burs t s  are 
superimposed t o  t h a t  constant l e v e l ,  of which 
a p a r t  could be i d e n t i f i e d  with radiobursts 
of the Sun [ 2 ] .  

. .  
niellT: \ v i  i i i  the r ~ i d i < > ~ : n : ~ s ? n n  ~ ~ I I X  of- the 

The s t r i k i n g  property of  t h i s  

Despite the absence of short- l ived 
var ia t ions  (with the exception of separate 
b i i r s t s )  n slow and constant rise of radio- 
einiss ion flux was observed in  the frequency 
of 210 kc/scc for the  f i r s t  s i x  months of 
f l  ieht  of N l S  Zond-3 along a he l iocent r ica l  
o r b i t .  (F i z .2 ) .  r 

'l'lic iiiean v;ilues (23-hr) o 1' the  [lux i n  the 
1-rcqucncy o f  210 kc/sec in the course of diout 
11a11' a year a re  p lo t ted  i n  Fig.3. I t  ma)- be 
seen from t h a t  diagr'm t h a t  the  radioemission 
1 - 1 ~ ~  in t h a t  frequency increased nearly two- 
fol d l y  compar i son w i  t l i  the  measurements i m -  
inediately upon s t a r t .  This smooth r i s e  could 
k i l  e l x e n  caused by irarious circumstances, f o r  
eximp l e ,  by qrrdual increase of the 'mpl i f  i - 
c a t  ion f a c t o r .  However, the readings of the Tra jec tor ies  of AIS Zond-3 and 
mc;isuremcnt chainel o F set noises of the recc i - Venera- 2 
1c-r ai-e c'vidcncc of the abscnce of notahle dr i f t  
(31' tlic m p l i f i c a t i o n  factor .  

Fig.  2 

With the view of se~lrchin(: for a possible cxplaiat ion 
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of  t h i s  rise, we plottccl i n  the  same f igure the  va r i a t ion  of the  quant i ty  
l/llqPin time,-where R q  is the  dis tance from AIS Zond-3 t o  J u p i t e r .  
j ec tory  of Zond-3 thus ran i n  such a fashion t h a t  a t  t he  outse t  t he  d is tance  
between the  s t a t i o n  and .Jupiter d i f f e r e d  l i t t l e  from J u p i t e r ' s  geocentr ical  
distance, and then lxxame considerably smaller owing t o  s t a t i o n ' s  d r i f t i n g  from 
the  Sun. Fig.3 shows t h a t  the  shape of t he  curve f o r  t he  dependence of rad io-  
ciriission flus i n  the  frequency of 210 kc/sec resembles t h a t  of the  curve f o r  
1 / Z ? q 2 ,  which may be the  case i f  ,Jupiter ac tua l ly  is  the  bas ic  source of rad io-  
~~i~iss1011. A t  the same time, the radioemission f lux  i n  the  frequency of 2000 kc/s 
rcmaiiieci constant over t h a t  e n t i r e  period. 
was reg is te rcd  only during the  f i r s t  quarter  of the  f l i g h t ,  the  channel being sa- 
tu ra t ed  durin? the remainder of time. 

The t r a -  

The f lux i n  the  frequency of 20 kc/sec 

I i 

i '  I 

Fig.3.  Average da i ly  values o f  s igna l  i n t e n s i t y  i n  the  
frequency of 200 kc/sec during the  f l i g h t .  

The lower diagram corresponds t o  ZOnd-3, and the  upper one 
t o  Venera-2. 
the inverse square of the dis tance between the  s t a t i o n  and 

Jup i t e r  

The dashed l i ne  represents  the  va r i a t ion  of 

I f  we consider t h a t  Fig.3 r e f l e c t s  the va r i a t ion  of the received f lux  a t  

In  t h i s  case there  would ex is t  only 
the expense of d i s tance  var ia t ion  between the  AIS and J u p i t e r ,  then a t  l e a s t  80% 
of  t he  e n t i r e  f lux a r r i v e s  from ,Jupiter. 
one source of radioemission i n  t h e  sky i n  the  frequency of 210 kc/sec. In p r i n -  
c ip l e ,  such ;t s i t u a t i o n  might even bc detected with the  a i d  of a short-dipole- type 
l i t t l e d i r e c t i o n a l  antenna. A special  experiment was carried out aboard Zond-3, 
w!iich consistcd i n  t h a t  the  e n t i r e  s t a t i o n  was set in to  spin about an a x i s ,  ap- 
proxiwitely perpendicular t o  the  ax is  o r  the  antcim:i i n  such a fashion t h a t  t he  
assiuiicd "zeros" of r ad ia t ion  pa t te rn  should per iodica l ly  pass by J u p i t e r .  
, Jupi ter  is the main source of emission, the modulation depth should reach 100% 
:it ;i s u f f i c i e n t l y  prec ise  or ien ta t ion .  In r e a l i t y ,  the  modulation observed i n  
the experiment had a depth of no more than 5 : 1 0  percent ,  which i s  comparable 
with t lw measurement e r r o r .  However, t h i s  circumstance may be not i n  contradic-  
t i o n  w i t h  t he  assumption t h a t  Jup i t e r  is the bas ic  source of radioemission, and 
this because of the following reasons: 

If 

. ./. . 
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1) the  source may have s u f f i c i e n t l y  la rge  angular dimensions on account 
of s ca t t e r ing  on the  i r r e g u l a r i t i e s  of the in te rp lane tary  medium, which could 
reach a t  such low frequencies a s ign i f i can t  value; 

2 )  inasmuch as  the  exact posi t ion of  rad ia t ion  pa t t e rn  "zeros" i s  not known, 
:hey may by-pass ,Jupi ter ;  

.3) owing t o  i t s  complex configutation (see l ' i s . l ) ,  the  antenna may lie a l t o -  
gether  lacking the  rad ia t ion  pa t t e rn  "zeros". 
p roper t ies  , w i t h  which a dipole antenria is endowcd, may be absent.  

In t h i s  case even those d j  rec t iona l  

)Is is  we11 known, a s e r i e s  of methods were proposed i n  order  t o  obtain d i rec-  
t iona l  proper t ies  f o r  long-wave antennas i n s t a l l e d  on s a t e l l i t e s .  I t  was propo- 
sed,  i n  p a r t i c u l a r ,  t o  u t i l i z e  the focusing and r e f l e c t i n g  proper t ies  of the 
Earth ' s ionosphere [ ? I  . 
screens.  
Liere made t o  q q l y  bzth  methods. 

Possible a lso is  the  u t i 1  i za t ion  of heavenly botli e s  as 
Helois we s h a l l  present  t he  r e s u l t s  of measurements in  which attempts 

,Is was shown i n  our preceding work [l] , during the  f i r s t  two hours o f  t h e i r  
f l i g h t  US cross  a region where the  c r i t i c a l  frequency of the  ionosphere i s  equal 
t o  110 kc/sec.  In the  case of Zond-2 t h i s  region was s i t u a t e d  a t  the  d is tance  of 
3IQ. The r e g i s t r a t i o n  of s igna l  i n t ens i ty  a t  210 kc/sec, brought out i n  [l] , 
!ias been obtained with an in t e rva l  of about 2 minutes hetween separate  measure- 
ments. I f  there  i s  only one source of radioemission i n  the  shy, in te r fe rence  
lobes, occurring owing t o  the combination of the d i r e c t  ray with t h a t  r e f l ec t ed  
by t h e  ionosphere, must be observed immediately upon the  egress  from the  iono- 
sphere.  
on t h e  shape of t he  ionosphere and on the  motion speed o r  the  s t a t i o n .  
r e s u l t s  of r e g i s t r a t i o n  of the  power of  the s igna l  received aboard Zond-3 in  the  
frcquency of 210 kc/sec i n  the  course of the f i r s t  two hours of s t a t i o n ' s  Clight 
a r e  p l o t t e d  in Fig.4.  Two measurements were performed every 1 .8  minutes with 
;in intcr\Tnl of about 1 0  seconds; t h i s  allowed us t o  dete-mine the  va r i a t ion  r a t e  
i n  case of rapid s a r i a t i o n s .  The character  of s iqna l  va r i a t ion  i n  Fig.4 is qua- 
l i t a t i v e l y  the same as during the  f l i g h t  of Zond-2. The peak, corresponding t o  
the plasnia frequency is  t h i s  time s i tua t ed  somewhat nearer  the Earth,  a t  a d i s -  
tance of ahout 3RE. 
t e r fe rences  from the e l e c t r i c a l  devices on board the  s t a t i o n .  

The width of these lobes depends on the  zeni tha l  dis tance of the source,  
The 

The yaps i n  inPonnation, seen in  Fig.4,  a r e  caused by in-  

'fie nost  i n t e re s t inq  pecu l i a r i t y  of F i g . 4  i s  cons t i t u t ed  by the  per iodica l  
s igna l  l eve l  o s c i l l a t i o n s  a f t e r  a "peak" corresponding t o  plasma frequency. 
A t  l eas t  th ree  periods of such o s c i l l a t i o n s  may be t raced .  Shown by a dashed 
1 ine is  the iwss ib le  shape of these o s c i l l a t i o n s  , rediced by t h e i r  de r iva t ive  
(w;isured 17)- i ts  va r i a t ion  i n  the  course of 10 seconds). This pa t t e rns  suggests 
t h e  interference lobes l inked w i t h  the  r e f l ec t ion  from the  ionosphere. The AIS 
pwsed for 1 period of these lobes a dis tance The f i r s t  minimum 
\$:IS observed nt the  d is tance  froiii the  center  of  the  Earth R = 16,900 km, i . e .  , 
AI: 1: = 0. 1 .  It- these lobes are  caused I y  in te r fe rence  of the r:-diation a r r i -  
i - i i i q  f ro i i i  one d i s c r e t e  source,  t h e i r  r e l a t i v e  width may be estimated with the  
: l i d  01' f o i m l : i ~  given by Hudden [ 4 ]  . In thc  assunipt ion of  spherically-synme- 
t r i c a l  ionosphc're ibyith r ad ia l  distribution o r  e lec t ron  concentrat  ion o r  the 

R = 1700 km. 
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form 11-y by formulas given i n  [ 4 ] ,  the re la t ive width of the first lobe is 

where + is  t h e  zeni thal  distance o f  the  source, n is the index of r e f r a c t i o n ,  
x i s  the wavelength i n  vacuum, RE i s  the radius sf the Earth. 
of Zoncl-3, the zeni thal  dis tance of ,Jupiter cons t i tu ted  approximately 80". 

During the f l i g h t  

On the basis of- the r e s u l t s  obtaincd 
by us i n  [ I ] ,  we s h a l l  assume y = 4 .  
Subst i tut inq these values i n t o  (1) arid 
assuming n = 0 . 5 ,  we s h a l l  obtain 

A l l  / R = 0.12, 

which coincides s u f f i c i e n t l y  w e i i  with 
Fig.4.  

Therefore, the o s c i l l a t i o n s  of the 
received power after egress from tlie 
ionosphere, observed on AIS Zond-3, 
may be the consequence of in te r fe rence ,  

Fig.4.  Regis t ra t ion of  s igna l  in -  whereupon the width of interference 
t e n s i t y  i n  the  frequency of 210 kc lobes i s  i n  agreement with the zeni thal  
f o r  the f i r s t  two hours of f l i g h t  dis tance of J u p i t e r .  The angular width 
of  ~ o n d - l i  on 18 July 1965. Shown o €  intereference lobes is  of the  order 
1 3 ~ 7  cl;ishetl l ine i s  the possible  shape of a deqree. Thus, a t  l e a s t  half  of the  
oi intcrl'crcncc lobes,  reduced by power received in  the frequency of  210 
iii~',isL~I.ciii~'~its o f  accrct ions for a time k / s e c  originates from a s ingle  discrete 

80 100 20  40 60 
t ,  min. 

period (it = 10 sec .  ratliosourcc w i t h  angular dimens ion less 
than a few decrees,  a id  w i t h  a zeni thal  
dis tance close t o  t h a t  of .Jupiter.  The 

1)owcr \ .ar ia t ion of the  received signal w i t h  thc var ia t ion  of dis tance between AIS 
Zond-3 and .Jupiter (Fig.3) is in qrccinent w i t h  such a conclusion. 

Note t h a t  during the f l i g h t  of 3ond-2, no interference phenorrlena of any kind 
were observed i n  the  same frequency a f t e r  egress from the ionosphere, desp i te  the  
fact  t h a t  t h e  zeni thal  dis tance of J u p i t e r  was 6.3" r e l a t i v e  t o  the d i r e c t i o n  t o  
the ccnter  of the Earth. 
side of the Carth, while ,Jupiter was located in  a d i rec t ion  opposite t o  the Sun. 
The c r i t i c a l  densi ty  of e lectrons over the t r a j e c t o r y  of AIS Zond-2, which was 
550 electrons/cin3, was in te rsec ted  a t  the  dis tance of  RE , contrary t o  Zond-3 
(.il+;) and Venera-2 (21$) , of which the t r a j e c t o r i e s  passed a t  grea t  i l  lwnination 
hy t h e  Skin. This means t h a t  the Earth 's  ionosphere i s  elongated analogously t o  
thc " t a i l i '  o f  the E:irth's ~n:igrictosphere. This is why it is q u i t e  probable t h a t  
diir ills iii~;isiireiiients froni Zond-2 .Jupi t c r  was located above t!ic loca l  ionosphere ho 
hoi-i  -on (:it sn lcu la t ions  b y  foimrla  ( I )  tlic not ion of v e r t i c a l  imp1 ied the loca l  
tl I rcst ion of e lec t ron  tleiisi t y  gradient)  . 

However, i n  t h i s  case the t r a j e c t o r y  passed on the n ight  
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hEASUWENTS ON AIS "VEIERA-2" 

AIS Venera-2 was alunched on 1 2  November 1965. The three-channel measure- 
ment receiver aboard the station had frequeiicies of 30, 200 and 985 kc/sec. 
The antenna was similar to antennas annlictl in preceding experiments. A some- 
 hat different method of measurements' 
\ws utilized here, that would allow to 
increase the sensitivity. Because of 
that, the readings of the 200 kc fre- 
quency channel reached most of the time 
the upper limit of the measurement 
scale, considerably lowering the value 
of measurements. In this experiment 
the antenna capacitance in the 270 kc 
frequency was measured simultaneously 
with cosmic radioemiss ion (correspond- 
ing to electron concentration of 
YOU eiectroris/aii 1 .  This nmlrirled 
the possibility of accounting for the 
influence of the Earth's ionosphere on 
the measurements in the near- terrestrial 
space. 

As may be seen from Fig.2, the tra- 
jectory of .4?IS Venera-2 passed in such a 
fashion that the distance between the 
AIS and Jupiter slowly increased. No 
noticeable signal level variation was 
observed during that time in the fre- 
quency of 985 kc/sec, but at 30 kc/sec 
the power of the signal increased by 
about 50%. At the same time, despite the 

21 

m u  ' 1oTt , -  

min . 
I 

A % .  

Vie. 5. Regi strat on of simal inten- 
sity in tlk frequency of Z O O  kc/sec 
and variation of antenna capacitance 
in the frequency of 270 kc/sec for 
the first two hours of flight of AIS 

Venera-2 on 1 2  Dec.1965. 

The trough (gap) near t = 90 min.is 
a possible occultation of Jupiter by 

the Moon 

above-noted effect, one could notice 
in the 200 kc channel a certain signal attenuation, which corresponds, within 
the bounds of measurement precision, to the increase of distance between the AIS 
and Jupiter (Fig. 3) . 

Aside from the above indirect indications on the possibility of the bulk of 
rcccived radiation in the frequency 200 kc/sec being due to Jupiter, d direct 
demonstration of this fact was apparently obtained during the flight of Venera-2. 
'I'hc results of registration of signal power in the frequency of 200 kc/sec and 
the variation of antenna capacitance for the first 110 minutes of Venus-2 flight 
Froin thc Earth are plotted in Fig.5. Despite the limitation, a typical signal 
variation can be noted in the 200 kc channel during flight through the ionosphere, 
a id  in particular the presence of the "peak" corresponding to the critical elec- 
tron concentration, between 8 and 16 min, and the subsequent minimum with gra- 
dual rise. The interpretation of these reasurements as phenomena, attending the 
egress from the ionosphere, is corroborated by the character of antenna capaci- 
tance variation at comparaitively close frequency. This variation takes place 
in correspondence with the amgneto-ionic theory. The totally unexpected singu- 
larity of Fig.5 is the deep trough near 90 minutes. At that time the station 
was situated at 37,s thousand km from the center of the Earth, and any local ma- 
nifestations of plasma at such great distance must not be noticeable. Let us 
remark that in our preceding experiments nothing similar was observed at such 
great dist'mces from the Earth. 
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T I W  chnr;icter of- t h i s  trough reiiiincls u s  very much of tlic tcmuornl sh icl t l -  

i nq  e f f e c t  of rxlioeinission source. We assumed tha t  i t  inay poss ib ly  have 
I ~ x n  temporarily occulted hy the  Moon. The pro- 
.icction on the c e l e s t i a l  sphere of ?loon's motion 
v i s i b l e  from AIS Venera-2 during i ts  f l i g h t  i s  
drawn i n  Fig.(>. This drawing, alongside w i t h  the 
ca l cu la t ion  show t h a t  i n  i t s  v i s i b l e  motion the 
?loon passed very near ,Jupi ter  indeed. 
mum angular d i s tance  between the  center  of the  
>loon and ,Jupiter cons t i tu ted  only about 50 '  a t  
t = 5Om. And a t  the  moment of t i m e  when the  
trough \vas ohserved, t h a t  i s ,  a t  t = 90m, the 
d is tance  between the  Moon and J u p i t e r  a t t a ined  
135'. Therefore,  it is found during geometrical 
considerat ion t h a t  although the  Moon d id  pass 
c lose  t o  .Jupi ter ,  it ac tua l ly  d id  not occul t  i t .  
I t  should, however, be td t en  i n t o  account t h a t  
p a r t  of the  path i s  covered by radiowaves i n  the 
outer  p a r t  of the ionosphere, with t h e  r e su l t i ng  
r e f r ac t ion .  ltk r e f e r  here t o  d i f f e r e n t i a l  r e -  
f r a c t i o n ,  a r i s i n g  a t  the  expense of the f i n i t e  
d i s tance  t o  the Moon. Though rays -from J u p i t e r  
and from the bloon a r e  r e f r ac t ed  by an ident ica l  
angle ,  the v i s i b l e  s h i f t  of the Moon on the  ce- 
l c s t i a l  sphere will be somewhat smaller by com- 
par ison \\,it!i the displacement of ,Jupiter,  which 
may be considered as remote a t  i n f i n i t y .  The 
r e l a t i v e  displacement of the  Moon and of  .Jupiter 
a t  t o t a l  r e f r ac t ion  8 w i l l  be equal t o  

Thc mini- 

40 

Fig.6.  Posi t ions of ,Jupi ter  
and of  the  Voon as seen from 
AIS Venera-2, during f l i g h t  
of the probe near the  Ear th .  

'I'he Moon i s  shown a t  t he  mo- 
ment of time of g r e a t e s t  rap-  
prochement with J u p i t e r  and 
occul ta t ion  i n  the  frequency 
of 200 kc/sec. The arrow 
poin ts  t o  the  probable d i r e c -  
t i o n  of  r e f r ac t ion  a t  t = 90m 
i n  the  upper layers  of t he  
Ear th ' s  ionosphere, which i s  
toward the  cen te r  of t h e  Earth 

R 
L '  E =  e -  

where R i s  the  d is tance  from the  AIS t o  the poin t  of r e f r a c t i o n ,  L is the  d i s -  
tance from the  AIS t o  the  Earth.  In our  case L = 1 2 R .  I f  we consider t h a t  a t  
t = !IOin occul ta t ion  of .Jupiter by the Moon was r e a l l y  observed, the  d i f f e r e n t i a l  
r c f ~ - n c t i o n  must have been equal t o  8 = 135' flS', and the t o t a l  r e f r ac t ion  would 
hrive lwm e = 2 7 O  '-3O . The above indicated limits of poss ib le  va r i a t ion  co r re s -  
pond t o  the va lue  of the radius  of the Moon. 

1 s t  us sce d i e t h e r  such ;I r e f r ac t ion  could have taken place under f l i g h t  
condi t ions of AIS Venera-2. In order t h a t  the  r e fac t ion  may lead t o  J u p i t e r  oc- 
c u l t a t i o n  by the  Noon, it must take p lace  i n  the  required d i r ec t ion .  As is  w e l l  
hnown, t he  d i r ec t ion  oC the  r e f r ac t ion  i s  determined by the  d i r ec t ion  of the  
r e f r a c t i o n  index gradien t .  I f  we assume the  ionosphere t o  be spherico-symmetri- 
c;i1 r e l a t i v e  t o  the Ea r th , ,  t h c  r e f r ac t ion  w i l l  take place i n  the d i r e c t i o n  toward 
the  c e n t e r  of the  Earth.  The l i n e  with the  arrow i n  Fig.6,  emerging from .Jupi ter ,  
p o i n t s  t o  t h a t  d i r e c t i o n ,  t h a t  is the expected d i r ec t ion  of r e f r ac t ion .  The c i r c l e  
ne;ir t = 90'" .sliows the pos i t ion  of  the !loon a t  time of occul ta t ion .  
assumed rcfract ioi i  tool.; indeed place approximately i n  a d i r e c t  ion which might have 
l c d  t o  $Tupiter ' s  occul ta t ion  17): the  !'loon lit the moment of t i m e  t = 90m. 

Thus, the  

A s  t o  
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the  angle o l  r e f r ac t ion  0 = 17',  we s h a l l  make rise f o r  i t s  estimate the  r e s u l t s  
of  ii1e:isrii'eiiiciits of antcllna c;ip:lc i tancc v a r i a t  ion, hrought out i n  1: i g  . 5 .  
tr'catmcnt o l  tlic curvc' AC,, Tor clistmc-cs ( 1  .S : 4) RE allowcd u s  t o  ohtail1 thc 
Tollowing proTi I C  of clcctr 'on conccntmt i o n  

The 

li 4 2  

ne = 1 . 6  - l o 4  (11-) electron/cm3 

o r  f o r a c r i t i c a l  densi ty  ne cr = 500 electrons/crn3 

(3) 

where - r i s  the  d is tance  i n  Ear th ' s  r a d i i .  

The prec is ion  of t h i s  formula drops with the  increase of r ,  f o r  a t  r < 3 - 
the capacitance va r i a t ion  coiistitiltcs snly nne telemetry s tage.  

For the  d i s t r i b u t i o n  (4) the  r e f r ac t ion  was computed by numerical in tegra-  
t i o n  i n  the  assumption of ionosphere's spherical  symmetry. 
the d i s t r i b u t i o n  (4)  gives an angle o r  r c f r ac t ion  > 2 7 " ,  i .  e . ,  grea ter  than 
t h a t  required for  occul ta t ion .  e = 27" i s  obtained a t  c lose  d i s t r i b u t i o n  

I t  was found t h a t  

ne 

"e c r  
- -  

Taking i n t o  account t he  imprecision of 
capacitance measurement, we may recognize 
t h a t  i n  the Ear th ' s  ionosphere the  re f rac-  
t i o n  may have l ed  t o  such a d i s t o r i t o n  of  
rays ,  f o r  which the  pos i t ions  of the ?loon 
and of J u p i t e r ,  v i s i b l e  from the in t e rp l a -  
ne ta ry  s t a t i o n ,  coincide.  

The t r a j e c t o r y  of the  rays i n  the  iono- 
sphere f o r  t he  d i s t r i b u t i o n  (5) of e lec t ron  
concentration i s  drawn i n  Fig.7. 

'l'he s tcepness  of the  fronts  of the  
troLigh indicated t h a t  the  source is not 
resolved, t h a t  i s ,  i t s  angular dimension 
is less than 5 t o  1 0 ' .  

Fis.7. Trajectory of rays 
from the  Moon and J u p i t e r  a t  
t = 98n fo r  a d i s t r i b u t i o n  of 
e lec t ron  concentration 

DISCUSSION OF TIE RESULTS . 

Certain ind ica t ions  were obtained aboard AIS Zond-3 and Venera-2 t h a t  i n  
the  frequency of 200 kc/sec a t  l e a s t  60 t o  80 percent of the  received rad ia t ion  
o r ig ina t e s  from J u p i t e r .  
ca t ions  of any kind, point ing t o  the J u p i t e r  o r ig in  of emission, were obtained. 

In the  frequencies below and above 200 kc/sec no ind i -  

. . .  
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The values of  s ignal  in tens i ty  i n  a l l  frequencies eu2 e?cpressed i n  u n i t s  
w2 /cps ,  are p lo t ted  i n  Fig.8 f o r  a l l  measurements i n  the three  experiments; 
t h i s  corresponds t o  spec t ra l  density of square of voltage induced i n  the  antenna. 
The i n t e n s i t y  of the i so t ropic  background myy be computed by the  formula 

2 
w/m2 0 cps * s ter. e V  I =  

1600 lef f 2  

where 
sent ing the "galact ic  background" is drawn as the average of t h e  large number a f  
measurements of radioemission background i n  the 0 . 5  - 5 Mc/sec band from rockets 
and satel l i tes .  eff may be determined from t h a t  curve on assuming i n  2 Mc/sec 
frequency, I = 1 . 5  w/m2*cps * s t e r a d .  Subst i tut ing eV2 = 2 . 5  .10-16w2/cps 
f o r  u = 2 Mc/sec, we obtain 
antenna length I = 3.75 m. Consequently, 

eff  is the  e f f e c t i v e  length of the antenna i n  meters. The curve repre- 

1 = 3.2 m ,  which agrees s u f f i c i e n t l y  w e l l  with the  

I = 6 e,2 w/m2.c?s  -sterad-. (7)  

s = 7.5 ev2 w/m2 Scps (8) 

Correspondingly, the radioemission flux is linked with ey2 by the r e l a t i o n  

'Therefore, t h e  radioemission f lux of J u p i t e r  c o n s t i t u t e s  i n  the  frequency 
of 200  kc/sec 3 .10-18w/m2 cps as an average. 

The s t r a i g h t  l i n e  i n  Fig.S represents 
the  exprapolation of J u p i t e r ' s  radioemis- 
s ion  spectrum obtained by ~IcCulloch and 
E l l i s  [5] i n  the 4 . 7  - 20 blc/sec frequency 
range. According t o  [ S I ,  the  radioemis- 
s ion f l u x  of J u p i t e r  i n  the frequency of 
4 . 7  blc i s  1.1 w/m cps ,  and the 
s p e c t r a l  index is  2 . 5 .  The good agreement 
of . Jupi te r ' s  spectrun with the measure- 
ments i n  200 kc may serve as s t i l l  another 
ind ica t ion  on the J u p i t e r i a n  nature of the 
r a d i a t i o n  i n  the  frequency of 200 kc/sec.  
r\.loreover, a tendency is noted i n  [SI t o  
3 decrease i n  the var ia t ions  of .Jupiter 's  
radioemission w i t h  the lowcring of frcquen- 
cy. A t  200 kc the emission is constant 
w i t h  g r e a t  prec is ion ,  exccpt f o r  the slow 
v;iri;itions lirihcd w i t h  the  var ia t ion  of 
t h e  d is tance  t o  <Tupiter. 
t i o n s  were noted with c h a r a c t e r i s t i c  time 
from severa l  seconds t o  tens  of  hours. 
Coming brick t o  F i g . S ,  we see t h a t  at  lowest 
frequencies of 20 t o  30 kc/sec, t h e  emis- 
sion f l u  is somewhat smaller than expected 
from ,Jupiter ' s spectrum extrapolat  ion. 

No f l u x  var ia-  

D 

i 

1 

91 

- 
v) 

hl 

II 

I 

i" 

Fig.8. Spectral  dcnsi ty  of  the 
square of voltage i n  the  antenna 
according t o  measurements on 
EI Zond-2, .\. Zond-3, o Venera-2 

i n  interplanetary space 

a 
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IIowever, there is no sufficient foundations for such an extended extrapo- 
lation. 
may be 
This question will be considered at further length elsewhere, and here we shall 
only point out that the interpretation of large signal level in the very lowest 
frequencies so far remains uncertain. 

Moreover, estimates show that the entire signal in the 20 to 30 cps 
explained by the so called shrot effect of interplanetary electrons. 

The most surprising consequence of observation of Jupiter occultation by 
the Moon in the 200 kc frequency (if it does indeed take place) is, in our opi- 
nion,the smallness of the angular dimension of Jupiter ( A +  < 5 I 1 0 ' ) .  In this 
frequency any remote radioemission source must undergo a strong scattering on 
the inhomogeneities of the interplanetary medium. 
A +  = 5 + 20" in the frequency of 19.7 Yc/sec [6] for the angle of scattering, 
we should have for the quadratic dependence on frequency A$= 15 : 60'. The 
observed angular dimension A +  < 5 :- 10' may signify that the angle of scattering 
depends less strongly on frequency, possibly feebler than w - l  in the 0.2 : 20 Mc 
band. 

Thus, if we take for Jupiter 

The Jupiter's radioemission spectrum shown in Fig.8 is evidence of enormous 
emission power in the low-frequency band. Thus, if we assume that the spectrum 
stretches to 100 kc frequency, the total low-frequency radioemission power will 
become of the order of lo2' ergs/sec, which is one thousand times greater than 
the power of decimeter radiation and constitutes 
tion. 
bright radiosource in the sky. 

of its total thermal radia- 
It is therefore not surprising that in long waves Jupiter is the only 

It should be noted that to-date Jupiter's radioemission was detected in 
neither of the rather numerous experiments on satellites and rockets. 
seen from Fig.8 that the emission flux from Jupiter is compared with the back- 
ground radioemission, which is nearly 700 kc/sec. It may be that the so-called 
sporadic radiation, detected aboard AES Elektron-2 [ 7 ] ,  partically constitutes 
<Jupiter's radioemission. Further measurements will probably allow us to obtain 
more specific data. 

V. G .  Kurt, G. Yu. blaksimov, I. S. Shklovskiy and to many others for their help 
and discuss ion. 

It may be 
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