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10 Introduction 
,. .. • .. "-c.&lt<W'" ..... 

In earring out tha experiments with the use of electron 

accelerators (electron guns) installed o.n board the rocket 

it~ s necessary to lr...now the rocket electrical potential 

relative to the environment of .sP , since the real energy 

of injected electrons E = E accel-~ -where E accel is the 

energy determined by the accelerator device~ 

The value of potential cjJ is determined mainly by the 

injected electron beam intensity (i , e .. the gu.n current) and 

the electron flow to the rocket surface from the environmentJ> 

in turn,depending on ¢ and can not be accurately calcula

tedo 

n was the first rocket experiment (1969) with the 

electron accelerator (I] when the current pulses "- 0,5A 

and duration ""' 1 sec were injected to the ionosphere.~~ To 
secure the rocket body neutralization a depoying metal-

lized "umbrellan of large area was used due to ~which the 

rocket cross-section collecting th,:; neutralizing charges 

from the environment was considerably increased. In (I) it 
is mentioned that the potential -· value C/J in this experi-

ment was low, -that can be explained by the "umbrella" 

efficiencye 
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In the second expcri~ent {Echo-1-2,3 : 1970) the 

injection current pulses were only """' 70 mA with the dura-

tion O,Dl6J: In this case potential ¢ 
200. v [ 2 1 ~ 

did not exceed 

In Soviet-French experiment Araks which has been 

prepared and carried out under the joint ~uidance of RoZeSag

deev, I0A11Zhulin and F~Cambu the program of accelerator ope-

ration provided for the injection pulses with two durations: 

2~56 sec and 20 msec., For this experioent the metallized 

"umbrella'' was not used for the neutralization; a power cesium 

plasma generator was installed on board the rocket "Eridan", 

which, however, was switched on only durint; a part of the 

flightR Therefore, the hich values of ~ could be assumed 

(in any case when the plaama genera tor waa svri tched off) .. 

In rocket experiments [ 1-Jj for potential ¢ deter-· 

mining a method of the retc:rd-Lng potential analyzer vras used-' 
. f 

~-- ~v~.'t-

whlle in Echo-2 exper:i.r.1ent <Langmuir probe method [ 4 J p 

In experiment ( 1) th .e retarc1ins potential value ·wan changed 

from 0 to 2000 v for 70 msec~ in Echo- 1 experinent [2-3] 
from 0 to 8750 v in accordance vii th the apecific proeram the 

gun ope::·ation mode ~ during one cycle of the retarding 

potential change for 1 sec there were ten pulsea of the in

jection current with the duration 16 mace (or one pulse of 

injection current with the duration of rctardinc:; voltage change 

,.... 0.5 sec). Under such operating conditions of the analyzer 

and gun only a comparatively roueh cs ti;Ja t c of P value 

can be made and no conclusions can be made on time variationa 

during one pulse of the injection current . 

The use of rather long current pulsco ( 1: :::2 .56 nee) in. 
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Araks experiment enabled one t·o choose the durati.on of the 

cycle · of the analyzing voltage T/n, where n is the inte~ 

ger, so that to determine ¢ n~t;Lmes for one long current 

pulse, and to a certain degree, to follow the dynamics of 

rp variation for T time. The present paper gives tb~ 

results of ·q:> determining at different altitudes during the 

flieht of "Eri.dan" rocket on January, 26, 1975. 

c. Method of measurement and instrument 

On board the rocket "Eridan" at the distance of - 1 m 

from the injector two flat identical analyzers with the retard

ing potential v1ere installed (Fig .• 1) with the normals under 

an angle of 90° to each other, as well as to the rocket and 

injector axis~ 

The analyzer represents a flat paralled device consist-· 

.ing of the collector 2 and the grid system. Grid 1 is the 

analyzing one. The sawtooth retarding the electrons voltage 

is supplied to this grid relative to the body. A maximum 

voltage value of one ana~yzer is ....... .)00 v, and of. second is 

""JOOO v. (}! 
Fig.2a gives the plots the retarding voltage time 

·variations. Collector currents and analyzing voltages \Yere 
. Me 

recovded each JO msec;at the moments of measurement analyzing 

voltagesp the whole variation period of which was 

. had the following values on January, 26, 1975• 

- 0.6 sec, 



Table 1 
---·-------------------- ______________ .... ___ _ 

max 
VR - 300 V: 

,_,._. __ .....,._ __ ~--·---.-~---~---· -·----------------
vRma.x,.._ JOOO V:JI'Io 2'350 <lJo Ulfo i~so l§Jo !(So l.%o ; too 6Go'lo V!O JcoJ.J>O 1'10 /~'.o 1o 

-------------------------~----------------------------------
The ·external grid 4 was under the body potential, 

grid 3 was supplied by not high positive voltage +40 v~ to 

prevent the ionospheric ion hit to the analyzer with sD~ 0 

( in the intervals between gun pulses)e The grid 6 nearest 

to the collector so called suppressive grid served as the 

suppression of photo- and secondary emission6 A group of 

grids 5 screeno the collector off the varying electric field 

formed by the analyzing grid 1. 

-Dynamic range of the measured collector currents is 

1o-10 - 10-6a; the time of reading establishement did not 

exceed 2.1o-4sec. 

At each given moment of tiue only those electrons 

could reach the collector 2 the energies of which E exceed 

the retarding potential Va• 
In preparing the experiment the following simple ·model 

ot phenomena was supposed (this model pro~red to be a very 

idealized): during the flight the rocket is surrounded by the 

cold ionospheric plasma (the electron temperature 0 .. 1-0.2 ev) 
} 

electron fluxes around the rocket with energies E > ~are 

n~gligably small (lower than the amplifier sensitivity level-

10-10alAs the accelerator is operating the rocket body -should 

be charged to some positive ¢ potential and under the effect 

of the rocket electric field ionospheric electrons will take. 

e9' energy at the analyzer inputo As long as there is the 
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negative voltage on the grid 1. I VR.I > cp ionospheric electrons 

can not reach the collector. With . / Vll /" ~- cp the instru-

ment is "opened", the collector current is sharply increased 

to Im value depending on 'the concentration of ionospheric 

electrons ne(h) and cp value. Then it is recorded as long 

as · I V~t / > <P condition is brought about again. Note that if . 

ne ""' 105cm-3, Te _...... 0.2 ev and cp =0, then Im value should 

be ,....., 4Q 10-7 a; for cp =100 v and the same parameters of 

the surrounding ionospheric plasma - ~1o-5a. Fig.2 gives a 
of Df · 

diagrams 

on ±. (2a) 

of dependence VR on t and expected .dependences I 
o-f 

and I on '-'R fer one cycle of VR Yariation (2b) • 

As it vras mentioned above the accelerator operation 

prvgram for the experiment on January 26, 75 involved periodic · 

injection of beam pulses I.n.=0•5A with the duration 
. l. J 

~ =2o56 sec and the injection angle o( =0° ( o(. i::; the 

angle between the large rocket axis and the injected electron 

beam), as well as the injection of the beam current short 
(j- . -2 

pulses with the same value and the duration Lp,=2.10 sec 

and with the injection angle d=0°, 70° and 140° (Fig.J). 

It is likely that during the long ·pulses ~-potential 

can be either more than <p value during the short pulses or 

they will be equal$ that 
Besides, there vtasn~. t cause to expect ltbe electrons 

with energies """' 15 kev and """ 27 kev j.nj eo ted under the 

angle 0° to the rocket axis will hit to ·-the analyzers which 

are located sufficiently lower than the inJector (the analy

zer normals to aperture made up the angle 90° with the injector 

axis). The generator of VR voltage was s~chronized with the 
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operation of the electron gun programming unit so that during 

each long pulse four retardation curves were me·asured by use 

each a.nalyzer.o-
I 

It .is seen .from Table 1 that the minimum retarding 

voltage with which the analyzer collector current was measu

~ed was 9 v, consequently electrons with energy E < 9 ev 

were not recorded for given experiment. 

In the present paper only those measurements are 

analyzed which were made during the long injection pulses 

when the measurement . frequency (JO hz) was enough for obtain

.ing the detailed retardation curvese 

3• The measurement results and discussion 

~tring the whole fli&,t on January, 26, 1975 the col

lector currents in the analyzern were recorded only at the 

moments of injector operatio.~-:~ .Fig. J presents the examples 

ot telemetry records for ci =0° and ~ =140°. Time is 

varied from the right to the left. Fig Ja corresponds to 

142-145 seconds of the rocket flight when the mean energy 

of injected electrons was 27 kev the beam current 0~5 a and 

the plasma generator was operattn~. Fige.3b shows an example 

·of instrument operation for 283-287 sec. when the injection 

energy was approximately ,..... 15 kev under u.nvariable other 

ct>nditions and Fig.Je a.bows the same as Fig.Jb but with _ the 

plasma generator being switched off (321 to 326 s~c)s It!s 

seen from Fig.J that in varying the injection energy from 

27 kev to 15 kev as well as in switching on and off the plasma 
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generator the shape of the retardatio? curves recorded for 

the long pulse duration does not practically-change. 

The fact that in pauses between pulses_the currents 

of the analyzers decreased'to zero evidences apparently that 

the proceslf&f the rocket neutralization due to the surround

ing -plasma conductivity were extremely fastQ Unfortunately , 

. it is impossible to take the time moments of the currents · 

appearing and disappearing in the analyzers after the begin ... 

ning and the end of this gun operation, respectively, with . 

an error less than 30 msec according to the available teleme·try · 

records because the currents of these abalyzers being re-

corded with 30 msec period and the injector operation with 

I m.sec intervale All this makes the body potential determina

tion impossible at those periods when the accelerator injected 

short pulses { 1;. =20 msec) since at the pulse moment each 

analyzer gave a reading for the current appropriate to a fixed 

value of the retarding potential VR' only. 

Fig.4 pres~nts the retardation curves obtained in time· 
. 

o:f long current pulses of the accelerator at different altitu-

des dttring the flight. Tv1o scales for the retarding voltage 
ingJ 

correspond to the two different analyzers of-electrons are 

plotted alohg X-axis and the currents along Y-a:xis; the re

tardation curve for the analyzer with VR ~ 300 v are shmvn 

by solid line and for. one with VR ~ 3000 v by dotted line. 

The curr~nts values are limited .by the range from 1 o-9 to · .. · 

-6 10 a. It can be ·seen from Fig.4 that the stepwise increases 

of the currents occur within lo~7 to 106a when the retarding 

potential decreaseso 
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. According to mentioned ···· above the vulues of retarding 

potential at the moments of these stepwise increases of the 

collector currents conforrno to the value of the rocket _poten

tiala relative to the environment. 

The ionospheric plasma density slightly changed and 

amounted to about 105cm-3 within the considered range of 

altitudes according to the data taken by the ionospheric sta

tion being under operation during the launch on the island 

of Kergelen as well as to the results of the wave measure

ments carried out of the nose cone*) jettisoned from the 

"Eridan" rocket during the flicht., AB it ha...'3 been noted above 

the collector current I of the . analyzer opened for ionospheric 

electrons must be in this case from about 10-7 a to ,....,. 105a 

depending on </> 

Jig~5 shows the examples of the retardation curves 

recorded by the analyzer with VR :5 JOO v at the periods of 

long pulses with injection energy of 15 kev~ Each sequence 

of four dependences confori!l8 with single pulse!) Some of these 

retardation curves were obtained Ln case of the plasma gene

rator being switched on ( 5a and 5b) and some of them for the 

switched off generator ( 5b and 5c). 

As seen from Fige4 and 5 in all the cases the sharp 

current spike in the both instruments, wben the current 

reaches the value 1 [:.. 10-6a, is observed for VR < ,)00 Ve 

It means that the value ·<p did not excc:ed JOO v during the 

considered flight time. 

*) 
Dr~~ Lavernya kindly made these results available to us& 
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The current spikes are not so steep as it can be 

expected starting from the idealized model described above 

{to which :Fig~2 corresponds)!t The steepness degree of these 

spikes seen on the retar(t.ation curves indicates to some 

heating of electrons a.s compared vd th their temperature in 

the·unperturbed ionosphere. In addition, the significant 

fluxes of electrons recorded for I VR I> cp (up to 1VRI > 1o'P 

in many cases) is a feature of most of the retardation curves 

(unexpected in preparing of the experiment). The current 

spike I with I VR J rv <p is probably masked in the recording 

of these electrons when it becomes less oharp and the spread 

of the fixed values of <P increases. 

The analysis of the electron fluxes Yli th energies 

E :> e <P and the dis.cussion of their probable origin are the 

subject of ( 5) 

As follows from Table 1 the step in changing voltages 

of both analyzers is almost similar within the range VR,.., 150 

to 250 v of the retarding voltages., It results. from Fig.4 

that 'l'fi·thin the VR changing bet'l/~en two sequential telemetry 

points the va1ues of rf> determined from the data of these 

analyzers coincide though the conditions l VR I "'" 'P are 

accomplished in both analyzers ·unsimul taneouslyo It means 

that during the pe·riod the analyzing vo,l tage variation the 

value <p is not practically changed. 

It is seen from Fig.5 that the character of the retarda

tion curves for h .>160 km is practically independent of al ti

tude~~' The current I growth front variations up to Im ~ 106a 

evidently reflec·t the time fluctuations of ionospheric elec-
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tron fluxes to the rocket with energies E ?' e ef> • After 

the plasma generator being switched off these fluctuations 

increased whereas the values of VR for which the sharp rise 

of the current Im ~ 10-6a ·is observed remained to be the 

same (see Fig~5b)., At heights h 125 lan the slight increase 

of the values J VR If\, q:> is observed and then with the height 

·decreasing the potential rather sharply dropsc 

The stable value of C/J is evidently rather quickly 

set up after the injection beginning ( t
80

t ;:::. )0 msec)a It 

should be noted that during the experiment (1j the collector 

current delay equal to about 100 msec relative to the injec

tion current beginning {or its end) was observed" But in this 

case electrons with energies of about 6 ev and smaller were 

recorded that coufdnot be observed in this experimentjp 

The spread of cp - values obtained during one long 

pulse is obviously associated with the injection current 

variations and (or) with the inaccurate determination of the 

moment of the collector current jump due to the relatively 

rare telemetry points in measuring the current and the re ... 

tardation potential va~ 

Fig. 6 gives the a.l ti tude variation of rp value. The 

mean values of cp for each long beam pulse determined from 

the results of eight measureme·nts {four recordings for each 

analyzt.il:'') ~"& oqu.al to nbou t 150 v at al ti tttdea /z higher 

than 125 to 1 )0 km; (/) values being practically indepen-

dent of the situation whether the plasma generation is ovfi tch.,.. 

ed on or off(p 

As follows from [ 1 ) Hess et a119 noted that r!J values 
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during their measurements were rather .low but they· did not 

give the particular values; in Echo-2 experiment the poten

tial did not . exceed 100 v. [ 4] • 

· With the altitude decreasing (from h rw 125 km) 
oj pot~ntiae 

s.ignificantly decreases -~ · :-.·_. indicates to the improv6!Dent 

of·the rocket neutralization conditions. The altitude varia

tion of cp shown in Fig.6 gives .grounds for the assumption 

that at altitudes of about 125 km. in the process of neutr·a

liza.tion ·. ~ ! noticeable changes occur. The questions about 

neutralization in the ionosphere of a body with the high 

energy potential v1ere considered in [ 6-aJ • Beard and 

.. Johnson ( 6] ignored the influence of the geomagnetic field 
. ' 

on gatheri·ng charges by a body. Parker and Murphy ( 7] ana-

ly.zing the trajectories of particles iii the constant electric 

and magnetic fields showed that the presense of the geomag

netic f;ield le.ads to the equation 

I~[ 1 + ( 4 q,) 4/2 J I. 
'Po 

where 1
0 

is a current gathered by a body from the ionosphere. 

(the body cross-section perpendicular to the magnetic field) 

without injection; I · is a current gathered by a body for cp 
potential~ ~ ::: m.·CAJ: a~ 

o 2e 
is a gyrofrequency; lt is a body radius; 

e and m. are a charge and mass of electron; respectively. 

This equation and the values 1 <:p .... 150 v and . a. - 30 em 

used. in this experiment) indicate to the fact .that th~ cur

;rent of ionospheric electrons incoming on to the body .with 

such a potential for n
8 

""' 1.5x105cm-3 in the Parker and 
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Murphy .model is .about by two orders less than the injection 

.current equal to 0.5 A. 

Linson ( 8] ~awned that due to the ionospheric plasma 

turbulence and the el~ctrical field electrons possibly come 

on to a body along the trajectories normal to the magnetic 

field; however, this possibility is not proved but postulated 

only. 

The results obtained on 26.1.1975 durint; Araks experi~ 

me:nt described above show that there is a mechanism {or 

mechanisms) ensuring the gathering of ionospheric electrons 

with the current summarized over the total rocket surface 

of ·the order of ampere (since the value ~ did not increase 

during· tb"e long beam pulse).., Probably there was not only the 

gatberbg of the ionospheric electrons but a.lsoofl!li!iie electrons 

Ic."t..§ff-e-J I 'I as a result of some ionization processes 

caused by the beam; it most ljJceJ.y occured at altitudes lower 

than ""125 k:m where with the e.l ti t1.1de decreasing ¢ - poten

tial significantly reduces in s~!~e of ne fall in the iono~ 

spher!• !be drOp of <7) in turn, should decrease the rocket 

gathering of ionospheric electrons. 

4• Conclusion 

During Bridan rocket flight on January 26, 1975 

following the ARAKS experiment program) the altitude depen

dance of the electric rocket potential relative to the 

environment was : ·determined. 

In this flight the value of 'cf> did not exceed 300 v; 

at altitudes h.. lower than rv 125 km ¢ decreased; at ~ b ~ 



125 km ¢ was comparatively stable ( "'-- 150 v). 

2. The time for the¢ potential· establishment was not 

higher than .30 msec (JO msec is a period of the recording of 

the analizer data). 
I ~ . 

.3· During the gun operation near the rocket electronaifo · 

'Be. holer than thase in the undisturbed ionospher~(were observi(i) 

4, The plasma generator work slightly influenced on 

the rocket yD -electric potential. 

5. The measurements results of the ¢ altitude variation 

indicate to the fact that at altitudes ~ 125 km the process 

of· the neutral upper atmosphere ionozation most likely 

existed due to the injected electron beam; such a process 
a.. 

took possibly place at altitudes {!; 130 Ian (or certain process 

.resulting in the gathering of ionospheric. electrons across 

the -geomagnetic field). 

~e .• By means of the instruments for potential measuring 

the electron fluxes wi tb energy E >e(/) were also observed; 

the results of these observations are not discussed in the 

present paper (see [ 5] ). 
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Fig,1-e The analyzer scheme. 

Fig.2. The variation,of' analyzing voltage VR during . 

the time (2a} and assumed dependence of collector 

current on Va• 

Fig.). The examples of TM-information. 

Fig•4• The current-voltage characteristics on changing 

of analyzing voltage VR from ~o to-300 v; and 

from,..... 0 to ~ 3000 v. 

Fig.5. The current-voltage characteristics at different 

altitudes on changing VR from- 0 to ~JOO v. 

Fig.6. The altitude variation of'~the rocket potential 

Cf>. 
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