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ST- PA- RWP- 10762 

STUDY OF THE PROPAGATION OF DECIMETER RADIOWAVES 
IN THE ATMOSPHEKE OF VENUS WITH THE AID OF 

AIS "VENERA-4" 

Doklady A.N. SSSR, Geofizika 
Tom 182, No.1, 93-94, 
Izdat el s tvo "NAUKA" , 196 8 

by M. A. Kolosov 
0 .  I. Yakovlev 
A. I. Yefimov 

SUMMARY 

This study is based on the approximate estimates of the inhomogeneity of 
Venus tropsphere's index of refraction. It is found that in the troposphere 
of Venus the latter's fluctuations are greater by a factor of 10 than in the 
Earth's troposphere. It is emphasized that the data presented here have the 
character of approximate estimates. 

* 
* *  

During the motion of AIS "VENERA-4" radiotranslucence was achieved of 
the entire planet's atmosphere thickness by radiowaves of X = 0.3 m wave- 
length. At the same time, it was found to be possible to determine the in- 
tensity of the field and the fluctuations of radiowaves' amplitudes for trans- 
mitter positions at various heights above Venus' surface. 
tion is achieved along two independent channels, which allowed u s  to elimi- 
nate the influence of ground apparatus on the measurements of field intensity. 
To register the field intensity the signal registration on the movie film 
was conducted with tape transport rate of 1 cm/sec. 

The signal recep- 

No field intensity variations were observed in the 6000 - 100 km alti- 
tude range above the surface of the planet that would be due to Venus' iono- 
sphere. During the motion of the descending apparatus through planet's tro- 
posphere an insignificant decrease of mean field intensity was registered. 

The results of measurements of the the ratio E / E o  , i.e., the field in- 
tensity E averaged for 6-minute intervals, normalized to intensity E,, for 
the altitude of 26 km are plotted in Fig.la. At time of surface contact E/Eo 
constituted 0.76. The telemetric data on feeding voltages and the temperature 
conditions inside the descending apparatus have shown that they were within 
prescribed limits; because of this the field intensity could Lave variec! insigni-- 
ficantly, to 0.83 - 0.91. Taking into account this correction, we shall obtain 



2 

t h a t  the real  va lue  of f i e l d  i n t e n s i t y  is  E/E, = 0.92 - 0.84. 
E/E,  = 0.92 being more p robab le , r e su l t s  i n  an  a t t e n u a t i o n  of radiowaves 
having passed t h e  t roposphere of Venus by 8 5% of i n t e n s i t y .  

The va lue  

I n  o rde r  t o  i n v e s t i g a t e  t h e  f l u c t u a t i o n s  of radiowaves s i g n a l  r e g i s t r a -  
t i o n s  were s u b j e c t  t o  s t a t i s t i ca l  processing.  A t  t h e  same t i m e  t h e  i n f l u -  
ence of no i se s  and t h e  r ece iv ing  rou t ing  v a r i a t i o n s  w e r e  e l imina ted  i n  t h e  
course  of t h e  c a r e f u l  a n a l y s i s .  Besides r a p i d  f l u c t u a t i o n s  of s i g n a l  l e v e l ,  
slow v a r i a t i o n s  w e r e  observed, which were due t o  Venus' troposphere.  A s  a 
r e s u l t  of b l ink ing  a n a l y s i s ,  t h e  va lue  

w a s  obtained w a s  d i f f e r e n t  h e i g h t s  - h of t h e  source  above t h e  p l a n e t ' s  su r f ace .  
Parameter q ,  c h a r a c t e r i z e s  t h e  average d i g r e s s i o n  of ins tan taneous  va lues  E i  
of f i e l d  i n t e n s i t y  from t h e  average va lues  E, found f o r  5-second i n t e r v a l s .  
The found combination of va lues  q ,  w a s  f u r t h e r  averaged f o r  2-5 minute i n t e r -  
vals .  

F ig . lb  shows t h e  dependence of q i  on t h e  he ight  h. It fo l lows  there-  
from t h a t  t h e  b l ink ing  depth inc reases  as t h e  radiowave source s i n k s  i n t o  t h e  
Venus' t roposphere,  being equal  on i t s  s u r f a c e  t o  0.12. The b l i n i k i n g  per iod 
i s  c l o s e  t o  1 sec. The depth of b l ink ings ,  cha rac t e r i zed  by t h e  quan t i ty  771 
y i e l d s  somewhat under ra ted  va lues  of f i e l d  i n t e n s i t y  f l u c t u a t i o n s ,  f o r  during 
process ing  s h o r t  r e a l i z a t i o n s  of dependences E ( t )  were taken. 

Fig.1.  Dependence of f i e l d  i n t e n s i t y  ( a )  and b l ink ing  
depth (b) on a l t i t u d e  above t h e  s u r f a c e  of Venus 

I n  o rde r  t o  estimate t h e  in f luence  of t h e  i n t e r p l a n e t a r y  medium and of 
t h e  Ea r th ' s  atmosphere, t h e  va lue  of 7 7 ,  w a s  determined during t h e  pre-landing 
radiocomuunication se s s ion ;  t h e  depth of b l ink ings  then  c o n s t i t u t e d  % 0.02. 
I n  F ig . lb  t h i s  va lue  i s  cond i t iona l ly  shown f o r  h = 40 km. The presence of 
radiowave b l ink ings  p o i n t s  t o  t h e  turbulence  of Venus' t roposphere.  
t o  d a t a  of F i g . l b ,  t h e  t roposphere of t h e  p l ane t  is  tu rbu len t  t o  a l t i t u d e s  of 
t h e  o rde r  of 20 km. The slow v a r i a t i o n s  of f i e l d  i n t e n s i t y  may be by i n f l u -  
ence of Venus' atmosphere as w e l l  as by t h e  swinging of t h e  descending appa- 
r a t u s .  The average depth  of slow b l ink ings  on p l a n e t ' s  su r f ace  i s  

= AE / Eav = 0.24. 
n 2  

The va lue  of q, y i e l d s  somewhat over ra ted  va lues  of t h e  depth of slow 
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fluctuations caused by planet's troposphere, for their determination may have 
been influenced by the swinging of the descending apparatus. The subdivision 
of fluctuations into rapid and slow variations is conditiona.1, and since the 
fading periods are of the order of 40 sec, it is more objective to assume for 
the depth of fadings the average value r) = 0.18 0.05. 

The measured parameter fluctuations allow us to conduct approximate es- 
timates of the inhomogeneity of the refraction index of Venus' troposphere. 
During radiowave propagation through statistically inhomogenous layer of thick- 
ness L,  the depth r) of fadings is determined by the relation [l] 

- 
Here k is the wave number, a is the mean scale of inhomogeneities, p2 is the 
mean ;quare of fluctuations-of the index of refraction, 
neglect the diffraction of a random field on the path from Venus to Earth, 
the expression (1) provides the possibility to estimate the parameter of re- 
fractive index's G2inhomogeneities by the found values of r) and L. In order 
to determine the numerical value of c2 it is necessary to make an assumption 
on the magnitude of the scale o The average scale of in- 
homogeneities of the refractive index of the Earth's troposphere, causing the 
fluctuations and scattering of ultra-short waves is of the order of 50 m. Ad- 
mitting the value a = 50 m for the troposphere of Venus, and assuming also 
on the basis of the experiment that L = 20 km and r) = 0.18, we shall find 

= 15.10- . In the Earth's troposphere = Consequently, in 
the troposphere of Venus the fluctuations of the index of refraction is, as 
an average,greater by a factor of 10 than in the Earth's atmosphere. 

D = 4L/ka2. If we 

inhomogeneities a. 
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In conclusion the remark should be made that the data presented here on 
the degree of inhomogeneity of the index of refraction of the atmosphere of 
Venus have the character of approximate estimates. For a more precise deter- 
mination of parameter m i t  is necessary to consider the fluctuations taking 
into account the turbulence having the Kolmogorova-Obukhov spectrum, and also 
take into account the sphericity of the wave. Taking these factors into 
account results in immaterial differences in the determination of parameters 
of refactive index's inhomogeneities 
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