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ABSTRACT 

On the satellite 11 Intercosmos-10",which was launched on 

30.10.1973 into the orbit with apogee 1477 km, perigee 265 km 

and inclination of 74°, among scientific instruments the appa­

ratus was installed for the measuring of VLF-emissions, the con­

centration and temperature of electrons, fluctuations of the 

electric field strength. 

In the region of the equatorial and polar boundaries of 

the middle-latitude trough some changes of VLF-emission spectra 

and the electron temperature occured and fluctuations of the 

electric field strength in the range o! 0.0)-70 Hz were observ­

ed. Some samples are presented and these effects are discussed. 



1. Introduction 

Measu~ments of VLF-emissions, electron concentration and 

temperature as well as of electric field intensity fluctuations 

have been performed during 5 months on board the satel~te "ln­

tercosmos-10", which was launched on 30.10u1973 into the orbit 

with apogee 1477 kmr perigee 265 km, inclination 74°. Devices 

for VLF registration have worked out in_CSSR, those for elect­

ron concentration and temperature measuremants in the GDR and the 

USSR and those for electric field fluctuation measurements in 

the USSRo 

This satellite had no compulsory orientation and was rotat­

ing ~round the centre of mass with main period equal to 10 to 

20 min. Besides the o~dinary telemetry system a br~ad band sys­

tem TS-1 was set up by means of which_ the broadband VLF registra,~ 

tion channel data as well as tJ?.e Langmuir probe and electric 

fiel~ fluctuations meter data were transmitted. These data were­

rec~ived via TS-1 at CSSR observatories (Panska Ves 50.5~ N; 

14.~E), the GDR (Neustrelitz 53.3°N; 13.1°E), the USSR {Moscow 

55.5°N, 37e3°E, Apatity 67.5°H, 33°E). 



=== ............ .. ... .. ....... .... . ... . ----- ------

!he present report gives the results of VLF emission mea­

surements received through the ~S-1 system in C~SR, an<l in. the 
. . . . . . . 

USSR, Langmuir probe results received through .the TS-1 · in the . 

USSR and electric field fluctuations re .. ceived through the TS=1 

i ·n the GDR and the USSR and also through the ordinary telemetry 

system in the USSR. A statistical analysis of these data has 

not been accomplished the present ) report deal~ with the results 

of ~omplex processing of the data received on some rev~lutions 

chosenamong those being
0
at the period from 12.12.1973 to 12.03. 

1974. The orbit of "Intercosmos-10" and the scientific equipment 

installed on it permitted to investigate more completely the 

physical processes in the main midlati tude trough region and 
. 

their relation with magnetospheric phenomena which provokes 

a great interest at present /1-3/. Such investigations by the 

above mentioned scientific equipment have not yet been realized, 

as we know. 

Belew a brief description is given for the used equipment 

and the techniques of measurements as well as the ·basic results 

. obtained in the region of the main trough that is defined from 

sharp change of. elec:tron concentration at invariant latitudes 

50° <A< 70° and at altitudes of 600 to 1300 km. 

2. Brief Description for Equipment and 

Measl.lremen t Techniques 

2.1. VlF and ELF emission measurements. In order tore-
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ceive electric component of the electromagnetic field in the 

frequency range of 20Hz to 20kHz an.electric dipole aerial 

was used with length of 2.35 m oriented perpendicularly te lon­

gitudinal axis of the satellite. The spherical grid probes of · 

this aerial were connected with p;e- amplifiers fiXed on a bar 

in a cylindric body just near the probes. The input resistivity 

of preamplifiers was 18 MgOM and sensitivity of the total equip­

ment system was 10-7 v/ VH;. The" signals received by a broad­

band amplifier were transmitted to the Earth .by the telemetry 

system TS-1. The equipment was realized in such a way to be 

~ble to registrate VLF spectral co~ponents at frequencies of 

720 Hz and 4.0 kHz. To determine VLF waves of the electric fiel~ 

absolute value the periodical measurements of probe impedance 

and calioration of amplifiers using a noise signal were perform­

ed. The fUrther processing of ~~ta was made on sonograph which 

allowed to det~rmine VLF-noise drnamical spectra. 

2.2. Equipment for the electron concentration and tempera-, . 

ture measurements. The cylindric probe collector was made in 

the form of a steel bar with diame.ter of 1 mm and with length 

of 11.6 mm. To diminish the edge ·effects a guard section was 

fixed near the bar fastening~. ·the guard section was supplied 

with the same voltage _as a probe collect~r : from - 3 to +6v. 

The cylindric guard section h~d a diameter of 4 mm and a length 

of 116 :mm. The probe was fixed at the end of separate conduc­

tive metal bar so that the d~stance between the probe guard 

section and the satellite surface was 116 em. One full work 

cycle· was 8 sec and consist$d on. 4 subcycles of 2 sec each. 

During the :first second of each subcycle the electronic unit sawt 

tooth generator worked at 8 Hz and during the second one at 

2 Hz. The probe current measurements were carried out through-
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out·threesubcycles :and during-the fourth one the automatic 

calibration C>r .the amplifier. riuring each subcycle the a~plif'ier 

operated :in as~parate subran&e of sensitivity whose ratio was 
. . . . . . . . . . . . . . -6 
0 .• 1; ~; · 10. In this case the biggest range was-1.2x10 . · to 

1.2x10~~·A., and the . amplifier calibration was carried out in the· 

·middle sub range • 

2.). Electric field fluctuation measurement eguiEmen-t_. 

T.he electric field fluctuation measurements were ·reaiized ~y ­

registaring potential difference between three pairs of_ .spheri~­

al probes with diameter 50 mm set apart at a distap.ce of 1.5m 

and making a system of three dipoles perpendicular to each othe;r. 

Each pair of probes was connected with the amplifier input hav­

ing input resistance not less than 108 om. Th~ frequency range 

of the electric field measured was chosen so as to exclude the 

influence of field E = I V x B/ associated with the satellite 

motion with velocity V in the Earth's magnetic field; it is on 

the order of 400 mv/m and changes slowly as the satellite ro­

tates and therefore makes no obstacles t~ the electric field 

measurements in the ·chosen frequency range: 0 .OJ to 70 Hz. In­

formation on the instantaneous values of signals in the frequen­

cy range of 4 to 10Hz was t~nsmitted in real time from the 

satellite ordinary telemetry system and was recorded by a memo­

ry device in the frequency range of 0.0) to 1.5 Hz for compo­

nents X, Y. The mean intensity values at J to 70Hz and 15 to 

70 Hz were registered for all the three field components witn 

sampling rate 1/8 Hz. Information for one component (X) in 

the whole frequency range from 0.0) to 70 Hz was transmitted 

in analog fo~ through TS-1 system • . 

J. Experimental results 

).1. VLP - emissions and electron C<?ncer..tration trough. 
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The earlier performed investigations /4/ and analysis of the 

data received from "Intercosmos-10" show that in the ionosphere 

through region the sharp variations of the character and the 

properties of VLF-emissions observed are most often. In this 

case the emissions of' hiss type with . the frequency range from 

2.5 to 5.0 kHz are most frequently observed; they ex~st some­

times throughout the trough region under consideration. The ce~t­

ral frequency of hiss band may change within the limits· from 3 · 

to 18 kHz. Sometimes the observed signals have a continuous 

spectrum structure in other cases, on the contrary, a clearlY 

~renounced discrete structure takes place. The character of 

change of these spectra depends on a concrete geophysical situ~ 

ation. Fig. 1 gives as an example the typical variations of 

VLF - emission registered on ).01 ~' 1974 during the revolution 

918 (~ = 2). During this revolution at L ~7 an electron con­

centration polar_trough was observed; at the high latitude 

side of the trough (L =6.6) polar hisses were observed with low· 

cutoff frequency about 9.0 ldlz. Several subbands of the emis­

sion ap:9ear in the frequency range from 2 to 4 ldlz at the lati­

tude -:64°. As the satellite leaving the trough ne increasing 

and simultaneously VLF noise frequency grows. 

3.2. Electric field fluctuations. Measurements of the 

electric fields in the frequency range: 0.03 to 1.5 Hz have 

shown that the intensive fields with the amplitude above 30 mv/m 

are' usually observed at 60 to 80° invariant latitudes. Field 

fluctuations in this case may be considered as e. spatial vari­

ation of the field with scales characteristic for the ionosphe­

ric irregularities of 5 to 800 km interpreted by moviDg satel­

lite as a time variation. Fig. 2 gives the statistics for No­

vember - December 1973 for the north hemisphere of the non-
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correlated fluctuations of two electric field components (X,Y) -,. 

the amplitude being above 30 to 40 mv/m. A solid curve in this 

Figure _corl'!=lsponds to the main trough diurnal variation for 

_ ~-- = 2 according to Muldrew [5] • It is evident that the field 

_ fluctuation occurence correlates with the posi·&ion of the main 
- . 

t:rOugh _in the evening ee night sector; and the fluctuation re­

gion is situated by several degrees to the north in the mornin~ 

night sector. The region of maximum amplitudes of· fluctuaiions 

E above .50 to 60 mv/m being singled out, we see that its shape 

is the same as this one of auroral oval: the fields are loc~:tlizi 

ed at the night side between 63 to 76° ~f invariant lati"tudes 
- "h 

_and at the- day side between 73 to 81° A • In the sector 8 · 

to 11hLT the more intensive and 
0 - -

83 ) fluctuations were observed 

the sector 20h to 24~~ the ;.nore 

extended in ~~titude {72 to 

than in sector 13h to -,~~T. In 

i;ntensi ve and extended in la~ --

. titude signals are observed; and the zone is shifted towards 

the equator (62 to 76°) as compared with the sector 01h to 05hx.~ 
0 -

(65 to 79 ) • Besides the oval-like regio~ ·of the electric fields 

· corresponding to the zone of discrete precipitation occurrence 

there exist on the day side (65°) a thin (~2°) region of the 

fields (up to 50 mv/m). 

The investigation of dependence of the electric field fluc­

tuation registration zone on a degree of ge-omagnetic disturbance 

has shown that, - firstly, the flue tua tion intensi t~ -does no_t 

depend essentially on K ; secondly, when K are high the zones 
- . p - p 

shift by several degrees towards the equa~or, the width remain-

ing practically constant. The shift of the fluctuation zone E 

towards the equator is shown also in Fig. 2 where the regions E 

for KP < 2;2 < K < 4 and K > 4 are designated by different - p - p 

symbols. The electric field fluctuation data for the satellite 
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· J.,). Examples of simultane~~-~ - VLF-emiaaione, E fluctuationai~ :. 
Ae and ;T

6
- data .. Me~surement~ of VLF ;:t'<>m . tru: satellite : at_ ·6oo ·. . 

to 1':loo'km· characterize the sourcesof- these -elnissions:and the 

medilllli between the source -and-'the~ sat~l-li te .' On th& other hand 

the measured n
8

, T
8 

·values-are related tc:) -~he .rei?ion near t~: .· 
. ; . . ' - ~ . 

satellite; the me~sured f'luctua'tions. E·ch:arac~erlze the ChaDges 
- . 

taking place at 5 to 800 km from the satellite. Fig. _l gives 

the results of the simultaneous ·measurements:ot VLF~eudssions, · 
. . . . ·~ . . . . . ,. . . . . 

. - . ~ 

ne ~.nd T8 ~ fluctuations E during _the _ quiet . mae:rleto~ctive periocl 

when KP = 2 at 600 km :for LT - 21~. ·· one may see t~t· t~· sat_el-, 

lite ~as· crossing the north boundary of the main trough •t 64° .· 

. which is confirmed by .a sharp cha~e . ne from ·2.104 to ).103cm. -). > .. · 

. Table 1 

.- .. - . 
. - . ' 

Time of the day Hemisphere - A Y!(hJ .. 
. , 

..... ---~ .... ---~------------------..-----
·- ·~ __ _.,_ .. ,.._...,~-----· ___ .,. ____ .., ___ r------..;.-___ 

day south . - 76 to 81 8 to -g 
·· north 74 to 79 13 

Kp < 1 Night south 6) ' to 73 22 to 23 
-·.north 65 to .. 75 20 to 21 

d&J' ·· -· south 72 to 79 8 to 9 
north 72 to 78 12 . 

Kp > 4 night .south 53 to 73 22 to 23 '. 

north _. 

59 to 72 20 

· . Concentration ·distribution northward from the. mai,n trough shows 

·_. the auroral p~~k at A- 65° and a part of' polar peak at A~68° • · 
. . . . 

Such a latitude dependence ·is typical for the evening . time in · 

the north hemisphere in wiriter .. Latitude cha.Dges of Te are re­

verse ·to those of •e• The Figure shows also that_ the VLF ~mis• 

sion spectrum ' correlates with the •e change. In the polar peak 
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region the spectrum has lower cut-off frequency equal. to 7 kHzo 

The VLF noise spectrum cut-off frequency is somewhat lower in 

the auro~l peak of ne region. In the trough region ne spectrum 
. . 

decreases' sharply and the lower cut-off frequency drops down to 

2. 7 to 2.5 kHz. ShaJ."I> spect,rum irregularities at the main trough 

ne boundary should be especially noticed. A consideration should 

be given to the fact that intensive fluctuations are observed 

northward from the main ne trough at the northern boundary of 

the trough E changes its _sign. 

Fig. 4 represents the electron concentration distribution 

magnetic period when Kp = 3 during the moderately disturbed 

at 1300 km for LT -21h near the main ne trough. Minimum value 

cm-3 was observed at A = 63.5°. northward from 2 
ne = 2. 5.10 

the minimum ne the changes of concentration have the same 

character as in Fig. 3 (ruroral and polar peaks are observed)~ 

As different from Fig. 3 Fig. 4 gives the data on ne from the 

equatorial side of the trough. Fig. 4 also gives the data Oil 

VLF-emission spectrun and on E fluctuation when the satellite 

flies over the equatorial side of the main trough. As it may be 

seen from the Figure the concentration grows non- monotonoulsy 

to n = 104 cm-3 at the equatorial side of the minimum n • It e e 
is also evident that the VLF noise lower cut-off frequency has 

a great similarity with the ne change. Lower cut-off frequency 

has minimum in the trough region and increases non-monotonously 

from 5 kHz to 15 kHz. From the equatorial side of the n mini-e 
mum the fluctuations E have the values of,__, 3 mv/m. 

4. Discussion and conclusion 

The experimental results presented in this report are an 

example of a complex investigation of plasma electric propvrties 

A good correlation of ne variations with the lower cut-off fre-
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quency of _VLF-. noise --spectrum~ (~$.e ,_·Jrigfs>. ·,~J'~~ ::s -; _:~· 4)_ .:_ af;l.9WfLi,:.,,to f1$~: 

·. sume ·· that . ~lec~~~t~ti~· w~ve~re~~~i~, 1~~~~~,·:~~1~/~· .. ~~St:0 
ered· emission$~ Besides,:_ a:• good ;(}or~el._-t~~i( petwe~.~:·,~e· rand.·-

VLF.psectrum may be interpreted as an.~viden~e-·th~t-:~ . :-i~w 113~ 
rid· resonance .· noise ~eXi$tS irt~ _the_._VLF,-cemission. spectrum a·lso. 
· · · . · ·.. · L.tu. LHR - maue:nct;'~ ~ . . _.,· · ... •. ·_· · .. · . ,~ . ·. _. -~ - . •· · 

·According to our estimat:iOilVCiorrespon:a. _the observ.ed~ ·ne values~ 
~ ·, . . ... 

As a rule· noise spectrum in the n
8 

trough contains more ' 'low •< . 
. frequency subb~nds. At the trough polar boundary . VLF-emi~si·o~ -

. . . ., - .· . , . . 

·spectrUm fluctuations appear •. The appearance· of i~gularities 

in· ELF-emission spectrum near the trough pol~r boundary apparent-. 
-. , .. ·· . . 

~Y coinci.des with "Alouette' s" data acc?~ip:g . to which· ir~gula.,. . : 

rities were observed in VLF-noise spectrum near tbS invariant la-
. . 

ti tude A"' 60°CS1A compari~~n of invariant -latitudes 1\ of the 

minimum n
6 

in Figs. 3 and 4 permits to suggest a small shift 

towards the equatorial side of the trough when KP increases that­

corresponds to t;te data available (see, for example, [ 7] ) • 

Th~ :, distribution of E f'luctuations given. in the present 

report does not co~tra.dict to the satellite "Injune-5" [8] ud 

,"OG0-6" [9] data on the·dc E component measurements and those 

of fl'lctuating fields .in the range 3 to JO Hz from the satel-. 

lite OVI-10 [10] and in the range 10 to 500 Hz frOm the satel­

~1te OVI - 17 (11] • 
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