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The results of observations are presented of phase difference of cohe- 
rent frequencies of 20 and 30 Mc, carried out from AES Electron-1 and Elec- 
tron-2 during the periods February-March and July-October 1964 in the city 
of Gor'kiy. The course of the total electron concentration was obtained 

W 

Nna = JNdz. 

el cm-2 are noted at nighttime, 
'and the maximum values N m ( l . 3  : 1.5) .1013el cm-2 in the afternoon hours. 
The dependence is presented of ionosphere's effective thickness on the time 
of the clay. Two maxima of effective thickness of the ionosphere are obser- 
ved, respectively at times of sumise and sunset. Obtained also is the de- 
pendence of the dimensions of large-scale inhomogeneities and of the magni- 
tude of relative variation of electron concentration ANn/Nn on latitude and 
the time of the day. 

The minimum values Nn,(0.2 I 0.3) 

* 
* * 

Observations of signals from izES Electron-1 and -3 were carried out 
Zimenki during the periods from 22 February to 26 March and from 7 July to 
1 October 1964 in the coherent frequencies of 20.005 and 30.0075 Mc/sec. 
More than 100 sessions were altogether conducted, of which 76 have been 
processed. The main object of observations was the investigation of the 
distribution of electron concentration in the ionosphere, the obtaining of 
the daily course of electrons in a vertical column of unitary cross sec- 
tion and of the effective thickness of the ionosphere above the F2-layer 
maximum, the study of the latter's variations in shape in the course of a 
day, and the ascertaining of temporal ,and spatial regularities in the be- 
havior of the inhomogeneities of a " f u l l  column" of electrons to the height 
of the sxtellite. 
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The dispersion intcrfer'orneter method, the recc'iv ing apparatus ; i i d  the 
the method of experimental data are sufficiently fully described in thc 
works [l, 2, 3 ) .  Presented in the current paper are the results of obser- 
vations of AES Electron-3 related to evening, night and morning hours for 
the period from July to October 1964. For comparison we also brought out 
the data on the integral electron concentration obtained with the aid of 
AES Electron-1, related to daytime hours (0930 to 1700 hours) in February- 
March 1964 and presented in the work [ 3 ] .  

The dependence of the total column of electrons Nn, -7Ndz on the time 
6 

of the dayis shown in Fig.1; Nnm was computed according to readings of signal 
phase differences in two frequencies and to the data of the station for the 
vertical sounding of the ionosphere using the method described in [3]. The 
daily course was taken down on different days and seasons. 
tegral refers to the vertical profile of the ionosphere passing through the 
"sub-ionospheric point'' (see [ 3 ] ) ,  which was located for the considered 
flights in the % 5 3 O  : 59' latitude interval. Besides the daily course, the 
seasonal dependence is also seen in Fig.1. 
of integral concentration begins somewhat earlier. 

The total in- 

In the summer months the rise 

1.4 

' ,O 

O,! 

JUly-AUg. Febr.-?.larch Sept-Oct. 
Fig.1 

The results of observations have shown that the maximum value of the 
total electron column at the latitude of Gor'kiy in the period of solar acti- 
vity minimum correspond t o  the near-noon hours (1100 I 1500 hours) and con- 
stitute (1.3 I 1.5) -1013 el.cm-*, and the minimum value -between 2200 and 
0200 hours- constitutes (0.2 I 0.3). 1013 el-cm-2. The ratio 

The lower curve in Fig.1 corresponds to the integral electron concentration 
to the F2-layer maximum m 

= s Ndz, 
* m  

Nnb 
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ELECTRON-1 

I 
t (hrs ,  min.) 09 30 1 2  301 15 30 

j 
! 

Nca / Nnb 2 .8  2.6 j 4 . 2  
, 

I 

where z 
t o  the aa t a  of v e r t i c a l  sounding a t  Zimneki. 
Nna/Nnb, where Nna= 
F2-layer maximum, a re  compiled i n  Table 1. 

is the height of the F2-layer maximum; Nnb was computed according 
The mean values o f  the  r a t i o  

Ndz is  the integral  e lectron concentration above the 

ELECTRON- 3 

18 00 20 00 23 00 0100 0400 0730 

6.2 3.6 2 . 2 5  2 . 7  5 . 2  4 .0  

T A B L E  1 

Comparison of the obtained dai ly  course of N,, with the measurement data 
r e l a t ed  to  so l a r  a c t i v i t y  maximurn of 1960 (see,  for  example [ 4 ] ) ,  shows t h a t  
the r a t i o s  Nnmsx/Nnmin and N, , /N , ,  depend l i t t l e  on the a c t i v i t y  of the Sun 
while the values of Nn, i n  the period of the minimum are  3 -6 times smaller 
than i n  the period of the maximum. 

Data on in t eg ra l  concentration of e lectrons t o  s a t e l l i t e  height 

= T N  dz (zs % 1000 h) 
Z S  

Nns 6 0  

obtained 
AES Transi t  4A. 
ments. L 

i n  the period of decreased so la r  a c t i v i t y  (1962) with the a id  of  
These data  agree well with the r e s u l t s  of our own measure- 

We assumed, a s  was done i n  [ 3 ] ,  t ha t  above the F2-layer maximum, and up 
t o  ~ 1 0 0 0  km, e lec t ron  concentration is d i s t r ibu ted  according t o  the expo- 
nen t i a l  law 

Z 5 ) ,  
H N = ha exp (,-- 

where H is  the e f f ec t ive  thickness of the ionosphere above the F2-layer 
m a x i m u m ;  Ih 
the  height o y t h e  F,-layer m a x i m u m .  

and zmax a re  respectively the concentration o f  electrons and 

The da i ly  course of the e f fec t ive  thickness of the upper pa r t  o f  the  
ionosphere (H) i s  p lo t t ed  i n  Fig.2 by a s o l i d  l i n e .  Plot ted i n  the same 
graph is  the da i ly  course of  the e f f ec t ive  thickness of the e n t i r e  iono- 
sphere ( T ) ,  defined as T = Nnm / Nma (dashed l i n e ) .  

twice a day: a f t e r  sunrise  (0500-0700 hrs )  and during sunset (1700-1900 h r s ) .  
In  daytjme (100 : 1600 hrs)  the e f fec t ive  thickness of the ionosphere is 

I t  may be seen from the graph tha t  ionosphere "expansion" takes place 

T % 250 . 300 km. 
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Qualitatively the presence of maxima and minima at sunrise and sunset 
may apparently be explained by the irregular illumination of the the entire 
thickness of the ionosphere at these hours. Sunrise, and consequently,also 
the ionization of the upper layers of the ionosphere by ultraviolet radia- 
tion, begins earlier than in the lower part and at the altitude of the F2- 
layer maximum. 
sphere are subject to the action of solar radiation during a more prolonged 
time than the lower ones. 

Analogously, at sunset too the upper layers of the iono- 

It is interesting to compare the curve for -r in Fig.2 with an analo- 
gous dependence obtained in the period of solar activity maximum in [ 4 ] .  
The diurnal values brought out in this work and the morning maximum just 
about coincide with our results. 
practically merging with the morning one. 
solar activity is more manifest in the nighttime concentration of the layer. 

The evening maximum is more spread out, 
Apparently, the enhancement of 

The daily dependence of the parameter T is also brought out in [ S I ,  
but, contrary to our data, the effective thickness of the ionosphere is 
determined here to the height of the satellite, that is 

This may explain the discrepancy in the value of T maximum in morning 
There is no clearly expressed evening hour maximum in the hours (420 km). 

work [SI. 

Electron- 3 
.Tym/ I 

' \  

/'? \. Electron-3 

Febr . -March Sept . -0ct. 
Fig. 2 

'l'hc variation in shape of the FJ-layer in the course of 24 hours is 
shown in Fig.3. 
is coinputcd for each case with tlic a i d  of a computcr. 
is plotted in Fig..? for a given timc of thc day. 
mum the sham of thc layer was considered exponcntial with the mctlli value 
of I 1  corrcsponding to the given time. 

The lowcr part of thc profile to the F?-lnyer maximum 
'i'hc tivcragc pro f i l e  

Abovc thc FZ-laycr rnaxi- 
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I r i  our o p i n i o n ,  great interest is offered by the comparison of the pro- 
f i lcs ohta iried with the recently pub1 ished result of impulse sounding of the 
ionosphmcwith the aid of U S  Alouette [ 6 ] .  The data of the latter show 
that the upper part of the F2-fayer has a completely smooth course up to 
% 1000 km, which is well described by the exponental law and which does not 
reveal any secondary maxima [ 7 ] .  

AES Alouette 
, Dec. 1963 

cm - 3  

Fig.3. The first profile 1) cor- 
responds to 0900 : 1000 hours; 
2) - to 1200 : 1400 hours; 3) 
- to 1700 : 1800 hours; 4)  - to 
1900 : 2000 hours; 5) - to 2300 + 
: 0100 hours; 6) - to 0200 + 
: 0400 hours; 7) 0600 : 0700 hrs. 

ZS 

0 
Fig 4. Total integral 

to satellite’s height as a function 
of time for the period of one sess. 
(curve 1). Satellite height va- 
riation (curve 2). Latitude of the 
sub-ionosphere point for the same 

Nns =JN dz 

period (curve 3) 

For comparison we plotted in Fig.3 the profile obtained in [6] at 40” 
latitude at 1314 hours local time in December 1963 (dashes). 
crepancy is quite easily explained by the latitude and seasonal course. 

A certain dis- 

The investigation of the irregular course of the total column of elec- 
tron concentration included the study of the fluctuations of the total elec- 
tron concentration column as ‘a function of the time of the day and of lati- 
tude. The total integral to ths height of the satellite 

Nns =s,W dz 
as a function of time for the period of a single observation session is 
shown in Fig.4. 
tions of the total column of electrons take place. 
Nns(t) is shown in the diagram by a-dashed line. The relative fluctuations 
of the total electron colunin 
ity; here N,,, is the relative varue o? the integral on each portion, and 
ANns is the maximum deflection from it. 

It may be seen that large-scale as well as tiny fluctua- 
The smoothed dependence 

AN JNn were determined for each inhomogene- 

The horizontal dimension of these 
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inhornogeneities was computed by the formula 

I 

where A t  i s  the duration of  the  i - t h  inhomogeneity, Zm is the  height of the 
"sub-ionospheric" po in t ;  zs is the  height of t he  satel l i te  and vT is i t s  ho r i -  

appearance, where T is the  t o t a l  observation time :mu P I T  i s  the time i n  the  
course of which inhomogeneities were observed. 

zontal  ve loc i ty .  Moreover determined was the p a r m e t e r  A ' T / T  of inhomogeneity 

's-11 I1 

Fig.5 

Shown i n  Fig.5 i s  the  histogram of the  parameter T/T of inhomogeneities 
I t  may with various dimensions i n  the  course of  d i f f e r e n t  periods of a day*. 

be seen t h a t  fo r  inhomogeneities with dimensions t o  50 km there  is observed 
a maximum i n  d iu rna l  hours, which then gradually'spreads out .  
i n  t h e  nighttime is the  appearance of inhomogeneities with dimensions 
t 200 km. 
M S  Cosmos-1 and Cosmos-2 [8] .  

More probable 
% 100 I 

These r e s u l t s  agree w e l l  w i t h  the  da ta  e a r l i e r  obtained by us on 

I 18-08 
1 8  -11 h '*I/ 1 2 - 1 4  h 15-18 h 

I 
6 

:2lialogous h i s t o p m s  €or the parameter AN,/Nn a re  brought ou t  i n  Fig.6. 
'I'hc i i t u n l x r  o r  c;iscs is p lo t t cd  i i i  ordinates ,  and ANn/Nn is shown i n  percent i n  
the absc isw ax i s .  A c l c a r l y  e'qressed maximum ANn/Nn < 1% is  seen i n  daytime 
Iioiii-s, which then 1wcomc.s wider; r e l a t i v e  f luc tua t ions  ANn/Nn 1 I 2 %  are most 
pi-olul>lc i n  11 iglit t imc, h i t  values AN,,/N,, 'L 3 + 6% a re  also encountered. 

A Only lcirge-sc:ile inhomo~enci t ies  w i t h  dimensions from 20 t o  500 h were 
1'iscd. 
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ArY/l' 
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I i E L E C T R O N - 1  E L E C T R O N - 3  

I I I 
0930 1100 1230 1400 1530 1700 1800 1 2000 2300 0100 0300 0430 

0.08 0.75 0 .73  0 . 0 3 ,  0.02 0.63 0.75  0 . 7  0.6 0 . 7  (1.5 0.45 
- 

In the flight considered the "sub-ionospheric" point was situated in the 
This provided the possibility of constructing 

The increase of inho- 

% 53" I 59" latitude interval. 
the latitude distribution of inhomogeneity dimensions I and of fluctuations 
ANnINn for 20-minute intervals of geographic latitude. 
mogeneity dimensions and of relative fluctuations ANn/Nn in the direction to 
the North could be traced. 

We compiled in Table 2 the mean values of the parameter of inhomogeneity 
appearance for various times of the day. 

0.2' 

Fig. 7 

T A B L E  2 

Contrary to small-scale inhomogeneities with I -  1 km, which have a clear- 
ly expressed maximum of AT/T in nighttime, the parameter of large-scale inho- 
mogeneity ( 13 20 ) 

The authors are grateful to L. M. Yerukhimov and N. A. Mityakov for use- 
ful discussions, and also to L. M. Gonobobleva, V. A. Vasin, L. M. Barsukova 
and L. I .  Grekova for assistance in data processing. 

depends little on the time of the day. 
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