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The co.llector current of the spherical ion trap with float

ing· potential of the. outer· gri.d often varies with low frequen

cy,. 'rheae oscillations have as a rule quasicycloi.dal .form and 

are very often observed in the ionospheric regions characterised 

by .higher gradients of the geomagnetic ·field and the ionosphere 

plasma concentration. In this connection the considerations are 

given in favour of the fact that the cause of the observed os

cillations of trap collector current, i.e~ flux density of re

gistered ions, is, in particular,. drift oscillations of iono

sp~el'ic plnsm::.:ts ~sed on about 400 l"ea.l time radiote.lemetry . 

:recordings the properties of probability,or relative frequency, 

of detection of the given oscillations depending on some geo

physical factors and geographic coordinates were investigated. 

The isoline pattern of this probability in coordinates "lati

tude-longi ttaden resembles the· known chart pattern of the geomag

netic field intensity module but in this. case the mentioned 

probability incre·ases towards the polar l"egiona and e.t the 

place for location of the maximum gradient of the geomagnetic 

field intensity module in the Eastern-Siberian geomagnetic 

anomaly region 



Three.;,elec·trode spherical ion · trap with <float:ing potential 

of the outer grid intended for the concentration msa.aurement 

of the ionospheric plasma positive ions along the satellite· 

orbit was installed on board the "Cosmos-378n launch~d on 

.17.11o70 (orbit inclination is 74°, perigee 240 km, apogee 1740 

YJm). Spherical electrodes of such a tr~p form the concentric 

system~ T.he external grid with radius of J em protects the 

investigated plasma from distu.rbance.s caused by the trap in

ternal fields .. The internal grid prevents from the origin of 

photoelectron current from the intern<J.l electrode-collector 

itself and also together ~i th the ex~terna.l g1'id protects the 

follector from.e4ternal interference fields. Free electric 

charges carried by positive plasma ions are collected at the, 

negatively charged collector and .form in its circuit the cur

rent depending mainly on the ion.flux density equal to the 

produQt .of its velocity relative. to the trap by ion concentra-

. iiOJl. and also on. the trap externa.l grid potential, temperature 

and mass of iona and grid .transparency .. Resultant transparency 

of bot~ grids was 0.53 .. The :frequency pass-band width of ampli

fier was 200Hz. The·elementary estimations and the experiment-

. a.l. results show that an ion trap outer gr-ld isolated from any 

current-carrying electric circuits takes negative potential 

in pla~ma surrounding a satellite. As it is known the depend

ence of attracted particle current on potential considerably 
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decreases (see, e &g., [ 1] ) .. As a rule the ion flux .average 

velocity relative to the trap i fJ near the value of the sa tel ... 

lite velocity and is mainly stipulated by the satellite move

ment relative t o the m~diun. It considerably decreases +ne role 

of t h e .. empereture s.nd ion· me ns i nfluences on the :~:·egistered 

vr.tltle o f io_n flux. der&si.ty. ~'hel,~fore the main part of the col

lector current changes found in the experiment can be st;.pulat

ed basically· by varia tio.ns of both tlie concentration and· the 

plasma _flux velocity re~ntive to the tz·ap as well. 

This point is illust1~tad by periodic deep decrease of the 

collector cur1·ent in the time of the trap hit into the ion sha

dow cone in the wake of the Satellite caused by the satellite 

rotation. This deep coll.ectot' current decrease is stipulated 

by the sharp decrease of ion concentration in this space because 

of the fact that the thermal velocity uf ionospheric ions is 

on one order leas . than the satellite velocity. Therefore the 

behaviour of the collector current of the trap being in free 

jon flow can serve as the characteristic of the plasma state: 

quiet and homogeneous or disturbed and non-homogeneous. 

By the exami1wtion of ~400 real time telemetry photographic 

recordings of five-ten minute sessions of the collector current 

. measurements made during the period since 1'1ovember, 1970 to 

July, 1971 the numerous cases of collector current oscillations 

not associated with the satellite rotation were found. Below 

the main peculiarities of such recordings are given: 

1. The amplitude of current oscillations sometimes renchee 

several tens of per cents to the average level. The amplitude 

of ion flux density variations oftenhas the value (5-10)• 

· •109 em - 2 sec-1• 

2. Fl"equ..,encies of these oscillations have the value from 
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some f:t•actions of a. h~rtz to 20~30 Hzo It ii!J apparently real 

that these frequencies occupy the greate1 .. i:rrtarval (at least 

up to 150-200 l!z in accorda.nce w:.i.th the amplifier frequency 

band width)~ ·It is noticeable regarding the chaoticaely dis.;. 

parsed points at the photogra.ph.ic telemetry recording which cor

respond to the cul"rent measu.remente made in ra.Yldom phaoea of 

oacillationsc 

)o The oscillations with the same periodic structure are 

usually maintained only during 2-4 sec. It is possibly associat-

ed with the limited dimension of the plasma region oscillating 

as the whole in the satellite movement direction, this dimension 

being therefore15-30 kmc 

4., In the most cases the oocille.tio~s are qt\asiperiodic, 

their form, frequency and amplitude change .in the wide range 

during ·some periodso It evidences for a large number of ueg~es 

of fr~edom of the oscillation source. 

5. The most typical feature of the majority of quasipe

riodic oscillatio~s is anharmonicity~ Out~ardly the curve of 

current oscillations looks like cycloid {see Fig~ 1a) •. Its dif

ference from the usual sinusoid is the alte1•nat:ton of sharply 

outlined maxima. and smooth minima. or vice vez·sa. Sometimes 

quasicycloidal form of oscillations loses its symmetry. 

6~ The presence of oscillations and their amplitude are 

not Bingle-valued determined by the trap being in the free plaa

. ma· flow or :J. ts leaking into the satellite ·Wake ·. 

1. The oscillation amplitude also can undergo osc1lla:tions 

with lower frequencyo 

8. 'j}he ·average value of the oscillation amplitude posi ti:ve

ly correlates with changes of the average ion flux densit~. 

When interpretating these data it should be kept in mind. 
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e 
the full absence of noticable oscillations of the signal level 

at the amplifier output during the ground-based tests of-the 

measuring equipment complex including the radiotelemetric system 

{RTS) work. 

There was no sot.u~ce of noises with similar spec.trum on 

board the aa.telli te 11Cosmos-378 11 • Besides, as it has been alrea.-· 

dy mentioned the trap collector is p~tected from noises by 

the ayst~m of two grids. As far as the possible influ~ce of 

RTS is ·conceri!ed close to isotropic the radiation of the RTS 

antenna. systezn directed to different sides of the satellite would · 

be effective only in respect of the excitation of high-frequen-

·CY J..~angmuir electronic oscillations and 'whistlersp as far as 

the excitation of low-frequency ionic oscillations is concerried 

this effectiveness decreases by mi. I rrie times ( me and 

m, are accordingly electron and ion masses) [2] • But Langmuir 

electronic oscillations and whistlers in the Earth ionosphere 

have frequencies considerably exceeding 200 Hz and, respective

ly, they cannot be identified with observed oscillations of the 

trap ionic current. As the· successful measurement of electronic 

te111perature by .1neans of high-frequency probe on "Cosmos-378" 

was made at frequencies - 100 kHz it can be . believed on this 

basis that interferences :from RTS work in the range of high 

frequencies and especially low frequencies were enough low-ef

fective. 

The enumerated peculiarities of ionic current oscillations 

allow to ·make such a conclusion that these oscillations are the 

typical plasma phenomenon: the pro.perties of measuring equipment 

do not vary so widely and besides in the absenc.e of plasma flow 

the oscillations are not observed.The absence of the definite de-
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pendence on the trap location relative to the wake of the satel

_lite indicates that tb.e oscillations of the trap iomc current' · · 

: have an independent source ·not.· connected. · ~ith t~e characteris.t- · .. _ •. 

· ics or' the plBsma.flo'W he&l:' the. satellite body. All these ·points .· 
. ·. ~ . . . . . . - . . . . . 

indi cate ·to th~ detection -of .oscillations of.the plasma fluX 

density exi~ting ~n .the·._ ionosphere i~ependentl7_• 
Quasicy~loida:f . ·tozs. 'is chara~terietic praoticall.7 tor 

. all the oscillation samples whereve~ it 18 possible to distiilguiah 
. . . ' ~' . 

the form of. _the current chaDge · cUrve. · !this fact causes to search 
. . ' . · _... : . . . . · . . . , • . : · . . . . .. ·. .. . . _ •. l . 

. . reasons of such a form in. the mos~ common· replarities inherent :·_:;-
• . . • . ·• • • . • -,•! 

. . . . . . ' . . . . . . . ·.. '• . . . ·. . . ' . ' . : . :~· -/ .. ?. 

to .the investigated medium oaC?illations. Let us . consider. ·the . . _. :_:,./· 
. . . . .. · . . . . . . 

simplest mechanical model Of. the inf:luence On the trap COllector 

current of oscillations of the gaseC?us .medium particles in waves 

of the compression-ra"faction type.: 

· Let - ~ ·,-particle displa~e~rit from the equilibrium 

·position, have the . form of · simple harmomc ~ave with . angular .. . . -frequency w , wave number vector· k .. and . displaceuent am- _-: -plitude ·. ·a : 

T· =.·~cos (<AJt-:-;; x) · 

· ·where · t is . time, . X is coordinate of the particle equi~ 
· .. librium position, wt.- KX · is equilibrium phase . of ~scill~.;. 

tiona.· · Let us find the_;: expression for ·instantaneous ~requency . 
. . ·• . .. n. 

"""' , _orvelocity Of phase Change~ Of OSCillations of 

ie1DS found themselves directly on the way of trap movement. 

_Bow .·· -~· wt-. ~x .. : __ is the equilibrium: phase for which X sa-

• tisftea :tbe· conditon: ·- ··.,,.-·.·-... . · . ·· .. -~xt · = x + ~ 
.< 1 ) 

I . 

.· ..... ..... . 
where · . X t · is the coordinate of the particle displaced from 

. the · equilibriUm position and found itself near the trap eurtace. 
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-H~Ting sealarly multiplied Eq .. (1) by K , time Q.ifferentia.ted 

it and taking into account that 

ci·~y relati~te to the medium, we shall obtain: 

.. --KX• 
-X: \It 1- Q. K w Sin vJ ' 

1. + iii' sin w 

Consequer .. tl:;, 

-..:. .lo 
C.U - I( X ·-= -------

is the trap 'Velo-

(2) 

(the difference between J 0 and W is stipulated by Doppler 

ef1i3ct). It means that changes of' w occur non-linearly in 

·ti~, i.e. phase automodulation of the registered particle os

cillatioru.. takes place. Depth of this phase autorr.od.ulation de-· 

penda on scalar p:::.:>duct of ampli t1.1de of particle displacement 

by the wave number vector •. Thr velocity of the oscillating motion 

of particles is equal to 

if= '"DJ" : - (£w sin w .. 
l>t 

The fUll velocity of particles relative to the trap is - - - . -, y ~ y - \1 t = - { 'it w sin w + V-~: 1 • 

The considers. tion of the infini tesima.l gas volume de forma- . 

tion stipulated by displacements of the particles filling it 

from their equilibrium posi tiona leads to the following expres

sion for particle concentration It , oscillating in the _wave _ 

of given type: 

-
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··-· --·--·-n <?._.____ =- _!!o. ~ li {t ) 
1 

-- . . .. K. . " 1 

- ·t- a .. :( sm w '"" "' 

where n 0 :::: C0l1Bt is the e,quilibl'iU:m po.rtlcle COncentration9 
_, 

Hence the ion flux density J registered by the trap is 

-n· V-= -

The solution of Eqo (2) is 

It follows from here that the concentration, the velocity 

and the flux denai ty of particles osci.lla.ting, in harmonic wave 

of compresf3ion~rl.refaction -type and registered by the measuring 

instrument experience non-sinusoidal oncillations due to the 

phase au tomodula:tion occurred. Such o scilla tiona look like 

cycloids resembling . the oscillation recordings o:f ionic trap 

collector currents. This result points to the :fact that the cause 

o~ the trap collector current oscillat1.ons was apparently the 

ionospheric plasma oscillations of compression-l~ref'action wave 

type .. 

For finding the connection of the considered os~illations 

with geophysical factors and geographic coordinates several hi

stograms of relative freque~cy of ion trap current oscillation 

detection were plotted. These histograms look like stepped and 

as a rule ex-tremely cut up profiles hiding basic regularities 

by marcy accidental cavities and projectionso In order to ex-
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elude or, at least, reduce the role of accidental factors and 

to find hided regula.ri tie a the series of perabol:i.c regressions 

of the I·· -':.ndex value for the oscilla·tocry activity of ion flu::s: 

~ensity was ~alculated by t he least squares method (I= .1, if 

oaoillations are detected; I = o, if oscillations are not found). 
' . 

These regressions are stati stical depen~ences of relative fre

que;,cy of i.on-trap ·current oscillation detection on correspond

ing factol.,s ot coordinates·. ~he optimal order for regreEmion 

was chosen by tlle principle of minimum of dispersion unbiased 

estimate. In thi's case it was found that for such a great number 

of-observations equal to 400 the undesirable statistic dependenc

es between satellite coo:rdi:ne.tes are r-:glected, minima of dis

persions correspond to approximations of such dependences hav

il~ zero orders. Therefore such r~gressions of I value on the 

correspond~ng factors or coordinates can be considered us tlw 

approximate curves of the oscillation detection probability. 

The maximum probabilities turn c~t to belong to the polar and 

1 Olrl'-lati tude :regions and the places of loca-ting .the maximum 

gradients of plas~ concentration e.nd geomagnetic field inten-

.ei ty, eee F·ig~ 2a) and b) (~very set of the cur-ves illustrates 

r. .he seasonal variations of the corresponding dependence) .. In 

~ig. Ja the pattern of isolines for the oscillation detection 

probabiJ.ity in coordinates Horthern latitude - Eastern longi

tude plotted on the basis of data of two-factor regression of 

I-value on geographic latitude and longitude is given. At this 

pattern the most probs.bili ties are also found in the polar l'e·

gion and the low-latitude region characterized by the higher gra

dients of the geomagnetic field module at the East-Siberian 

geome,gnetic anomaly region. In other aspects this pattern re

sembles the known chart ·of the geomagnetic field int ensity 



l 
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r:!0dule [ J} (Fig A )h) .. 

J.s it is known heterogeneous rnagnetoactive plasma is 

u.nstable relu·ti ' ' C to the so-ca.l l Brl drift oacilla. tio:ns a.ssocia. t -

ed with the presence of gradie11ts of its different parameters: 

concentr-ation~ tempera ture, magnetic . field, etc., causing the 

drift movement of charged particles& According to [4] these 

vvaves turn out to l>e unstable in the ionosphere at altitudes 

of morf;; -than 300-400 km and it leads to their increase. At lower 

altitudes the arift can result from different collision frequen

cies of ions and electrons with neutrals [5] . The wave lengths 

of' such oscilla tj.ons have dimensions ac1•oss the magnetic field 

A J. >:- 100 m and along ·the field A 11 > 10+100 km, oscilla-

tion period iB T>- 102-103 sec. With such values of .A 
the above-mentj.oned interval for the 't%7lp current oscillatory 

structure periodicity corrd:!ponding to the 20-30 km part of the 

satellite tra.jec1;ory is iri agreemen-t if it is taken into accoun'~ 

that the satellite crossed the magnetic force lines under some 

angle. It io simple to eliminate the apparent in.--consistency 

between ouch a large period of drift oscillations and a frequen

cy of trap current oscillations if Doppler effect is taken into 

account for the observer on-board the satellite ntoving wi·th 

the velocity relative to the medium where there is a 

tl simple pe1"iodical wave: 

'I I 1 --~ ~ ' }[. =If- -t<V ols. 21i ·t • 

Ilere f obs. and f. ar-e the observed and t:r'Ue c::.r-

cular oscillation f~~quenciee, o With the dif· · 

ferent values of .A within the pointed above limits: _... 
J...l.. <). <)II, with all the possible values of angle between Vi:: 

and -; and 1 vtf:;: a. ·w5 em/sec. 

-------------------------------------------~==========--~ 
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i' f obe .. EV 0 _ 001 + lOO ilz., 

Such a fr.eq".\Cncy range i t':' :fttlly e.gr•:;.;;a wj. th the observed one 

f or t he ~xpe:riraeni; consid~~r~d. 

Acccn:d:! r...-3 to [ 6 'j ~ d:tif"iis es~entinlly modify wa ves i n 

plasma; and aven i n . ....comp :t~easibJ.e flow, e .. g~ Alfven wave which 
' 

does not form density disturbances i n h omogeneous plasma, at 

the presence of concentration gradient disturbs particle den

sity .. 

SO!It::i probability would be also a ssigned to the effect 

of very low-frequency acoustic oscillations with frequencies 

f <..< /me./111-:~ J)i where J)i is the frequency of collisions 

of ions with each other. Accordine to L 2] , they have decrement 

fastly decreasing with frequency ;~11. 

In considering the dependence of the oscillation detection 

probability on the indices of solar activity (SA) and geomagnet-

ic activity (AE and K ) p the po~~tive cor~lation with indices 

AE (a measure for polar electrojet intensity) and SA was foundo 

It is no·t di f ficult to explain by increasing gradient ion and 

e lectron drift velocities vd~ because of growing heat in

flux and rising magnetic field gradients, eeg~: 

where c is the l ight velocity nJ~ and e are the mass and 

charge of an ion; ~ ,..., (Ti../mc is the component of the ion 

velocity perpendicular to the n~gnetic field, 1ri is the 
~ 

i onic temperature, H is the magnetic field intensity. In 

autumn-winter 1970 the positive correlation with KP-index v;as 

failed to find. It is possibly explained by the closer connec

·tion of the considered oscillations with the activity of sub·

storm· type than with the activity of magnetic storm type~ How-
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ever the data of 1971 show the positive correlation with 

index. 

Kp 

From the curve of the dependence on local ·time the tenden

cy of' the oscillation detection probabj.li ty increase tow!lrdS 

after•midday hours is seen with tbe · maximum near about 16-20 
\ . . . 

hours .. The increase of the oscillation detection probability 

towards the polar regions ia appai'en'tl7 associated with the 

growth of the ionospheric .plasma · structure heterogeneity and·· 

precipitation of auroral electro~ [a, 9]. . . 
The shorter periods of oscillations ·of particle flux den-: . 

. si ty are more probable in the auroral region. It can- be explain- .. . .. . ' . .· . 

ed by de~reaaing wavelengths of plasraa oscillations, .in accord.;; . · 

ance wi 'th tlle smaller scale of high-latitude irreguJ.ari ties· 

[9 J in.comparison with one of low-latitude irregularities [1o]. 
:So, it is seen from the given data that the meam;rement of 

ion flux density directly at the place of ionospheric irregula~ 

ri ty presence includes the capability for clearing up of tbe · 

intrinsic physical nature of the similar phenomena. 
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_!JIS~ OF FIGURES 

Fig. 1a 'l'he typical wave form of col:l:ector current oscillations 

of spherical ion t~ap wi+.:l floating potential of the 

outer grid~ instal,led on board ·the satellite "Cosmos~ 

-37811 ; . UT is telemetry voltage.,. 

Fig •. 1b Calculated curves of the time depend\Jnceo of instan-

taneous frequency Jb . concentration • . t n ' velocity 

1f and flux density 1 o£ particles oscillating in 

a simple harmonic wave of compreasio.n-rarefaction type 

(in relative uni tsh 

Fi'g~. · ·2a The dependence of the detection . probability of' ion 
c 

flUx density oscillati9ns on eeomagnetic latitude 

(based 'on data of the "Cosnios-378" ion trap): · 

* -by observations for 200 sessions: orbits 

2-7'96 on 17 o 1 L 1970-14.01.1971 

0 - by observations for 200 sessions: orbits 340-

~1551 on 12.12.1970 - 9.03.1971o 

x - by observations for 200 sessions: o;r-bi ts '807-

~3578 on 15.01.1971 - )1.07.1971 

+ - by ouservations for 400 .sessio·na: orbits 2-

-3578 on 17.11.1970·- 31. 07.1971 

Fig. 2b The dependence of the detection probability of ion 

flux density oscillations on geographic longitude 

(by data of the 11Cosmos-378" ion trap) 

* · - by observations for 200 sessions: orbits 2-796 

on 17.11~1970 - 14o01.1971 

0 - by observa-tions for 200 sessions: orbits }40-

-1551 on 12.12.1970- 9.03.1971. 

x - by observations for 200 sessions: orbits 807-

-3578 on 15.01.1971 - 31.07.1971 
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+ - by ·observations for 400 sessions: orbits 2-

-3578 on 17.11.1970-31.07.1971 

Fig. ·)a ·The pattel"n of isolines for the ion flux denai ty osqj.l= 

· lation proba·bilj.ty j.n coordinates: Horthern latitude - · 

. Eastern longitude, plotted on tho base of two-fao..tol~. 

··:t."'egre.ssion · of the .ion flux doncity oscillatory activity 

index. I (by data of t~e "Cosmos-378" ion trap). 

Fig • .)b ·.The- :fragment o:t the chal"t of· distribu.tion o:r· .the~ geo-

raagne tic field . ~ntensi ty module.· [.3] .• 
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