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Introduction

During the preparation of the measurements of the
rocket electric potential relative to the environment within
the Araks ex?eriment program (carried out under the leadership
of R.Z.Sagdeev, I.A.Zhulin and ¥.Cambu) [1] the authors had
known the data of rocket experiments with electron accelera-
tors, made by Heas et al. [2] and Winckler et.al. [3, @] .
The rocket potentials in these experiments were defined by
means of electron retarding potential analysers up to 2 kev
{2] , and up to 8 xev [3, 4] .

The detajiled data of the retarding potential analizers
experimental results has not been publiahed;'a very brief
information on these data was given in [2 - 4] .

In [2-4] there was no information on registration of
electrons with energies E > €@ (where P is rocket potential
relative to surrounding media) by means of retarding poten-
tiale analizers during electron accelerators operation.

However , in the paper [5] published in 1975
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after the carring out of the Araks experim.at noted that in
the Bcho-1 experiment electrons with the wide energy spectrum
from energies more than eqb have been recorded during
injection using the electrostatic analyzers and solid-gtate
detector, The aim of this report is to preasent and to consider
the results of the regisfrafion of electrons with cnergy EP€’¢
by the analyzer with retarding potential4 obtained during the
Araks experiment on 26.1,1975. The experimental data given
below refers to the descending part of the rocket trajectory

where the electron accelerator operated quite stable,

2+ Measurement results

During the injection of long electron beam pulaes along
the rocket axis with energies E, ~ 15 kev and £, ~ 27 kev
the wide-angle analyzers of electrons with retarding poten-
tials YR 5 3 kev recorded integral energy electron spectra
with energies f>e¢’ { such slectrons were not recorded
within the intervale between the pulses of the injection
currente,

Pige 1 showo the samplea of the retardation curvesa
(dependencfes of the electron analyzer collector current on
retarding voltage) obtained during the injection current
pulses with the duration L =2.56 sec and OQ7=0°. The
reterding curves at the Fig.la top side correspond to the
injection energy Ee ~ 27 kev when the plasma generator
is switched on {(vertical arrows directed dowwards indicate

# the moments when the electron injection began or otopped

o
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in the middle of the retarding voltage cycle). The other
curves of Fige.l correspond to the injection energy E,~ 15 kev
when the plasma generator is switched on ( ita-1b ) and off
{ 1c=~1d ).

It is seen from Pig.t that the injected eleciron energy

change - practically does not influence the recorded Qpéctra

shape. If the recorded electron fluxes are time-independent
the retardation curves cannot have maxima and minima for any
,shape of their differential energy spectrum. It means that
the extremumpoints on the retardation curves indicate to
time fluctuations of the recorded fluxes. In this case both
spectra and these fluctuations are evidently not associated
with the rocket rotation (the periocd of which was 0.5 sec).
It can be noted that the recorded electron flux fluctuations
are higher for the plasma generator switched off than on.
Itts also‘aeen from Fig.1I¥§?%%%E¥%t§et flight altitude
becomes lower than ~ 160 km with the further lowering of Jé,
the retardation curves essentially vary and the recorded
electron fluxes with E ~ 1000 to 3000 v begin decreasing and
when h < 125 kn they practically disappear, In this case at
~ 140 to 125 km the essential time variations are observed:
during one retarding voitage cycls the electron fluxes with
energies 2 to .3 kev appear and disappear (see Fig.lc and 14 ).

Fig. 2a shows the altitude dependences of collector
currents corresponding to the various values of the retarding
potentials VR. Here the time fluctuations of the retardation
curves (see Fig.1) were averaged, and each point plotted is

averaged over the four retardation curves correasponding to

one long pulse of beam current; the point heifht refers to
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time of the middle of this pulse

Fig.2b (obtained as a result of procecsing the data
of Fig.2a) shows the altitude dependences of the averaged
electrun fluxes on one cm2 of the analyzer apperiure within
the different energy ranges presented on the figure. It is
seen from Pig.2b that at h = 160 km the fluxes in all
energy ranges do not practically change with altitude and
from h ~ 160 km and below the fluxes in these ranges begin
to decrease sharply and at . 125 kxm they disappear.

Pige3 gives the differential energy spectfa of recorded
electrons with energies E :regb « In Fig.3a the spectra are
plotted based on the data of fhe tvo retardation curves, for
which the time fluctuations of electron fluxes were insignifi-
cant. One of them relates to h ~ 180 km, the other - to
b ~165xm (values 6f h refer to the moments of the start
of the given retardation curve measurcments).

Fige.3b shows the averaged differential energy spectrum
of electrons with E > eqb plotted by the data of ten re-~
tardation curves measured within 180 to 160 km. In this case
the time fluctuaticns of the single characteristics were
averaged automatically.

The comparison of Pig.3a and 3b shows that the main
peculiarities of the single differcntial energy spectra re-

ferred to the 2ltitudes given in Fig.3a are typical.

3. Discussion

The absence of the recordings of electrons with ener-

gies E >fqu in the pauses between the injected oelectron
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pulses at all altitudes of the Eridan rocket flight indicates
to the fact that thelr asppearance is -associated with the in-
Jector operation, Since the energjesof these electrons E.&3 kev
it is clear that they are not the electrons injected by the
accelerator with energies either A 15 kev or ~ 27 kev,

A3 1t was noted earlier the data [5,] on the recordings
during the injection pulses in Echo-experiments of electrons
with the continuous energy spectrum from zero to injection
energy werepublished after the Araks experiment fulfilment.
In the cases of electron injection under 90° angle to the
rocket axis the location of detectors and injector allowed
the autborao[ﬁl to suggest that the observed electrons are
caused by multiple scattering of injected electrons from the
rocket body in the process of their Larmor rotation. The pos-
8ibility to explain the effects observed in these cases by
the atmosphere scattering at the rocket flight altitudes is
rejected in (5] since with the altitude increasing from
100 to 300 km the atmosphere density varied by 10% times and
the electron fluxes observed ~by 10 times only(it should be
noted that such a decreasing with altitude of eleciron fluxes
scattered from the rocket also needs, from our point of view,
an additional explanation). The observed fluxes intensity
was also sufficiently higher than the value defined by the
possible Coulomb scattering (6] .

The authorso[s] note that with the injection of elec-
tron pulses upwards along the rocket axis (as in the measare-
ments on-board the Eridan rocket described above in Sec.2)

it is iwmpossibl - to explain the observation data by scatter-

ing from the rocket; and in this case it can be explained
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of
by inatabilities occuring in interaction the injected electron

beam with the surrounding vlasma [7] .

We think that the data given in the previous section of thigs
paper give an evidence in favor of suggection that the elect-
rons with energies E»eP recorded during the Araks expe~
riment on 26.,1.,1975 really occur as a result of interaction of
the injected electron beam with the ionospheric plasma, These
electrons undoubtedly are not scaterred from the atmosgphere

or the ionospheric plasma because as it is seen from Fig.2

the electron fluxes with all registered energies sufficiently
decrease with the altitude lowering (achieving at h £ 120 Xm
the values less than the instrument sensitivity threshold)
whereas the neutral atmogphere density considerably increases
with decreasing the altitude and the ionospheric plasma con-
centration during the flignt on 26,1.1975 at 90 to 200 km
varied slightly, Fig.4 shows tho altitudinal distribution of
the neutral atmosphere density over Kergelen taking into ac-
count the season and diurnal time according to the 1966 USA
Standard atmosphere model, n, electron concentration following
the measurement data of the ionospheric station on Kergelen
on 264141975, ne‘ using the wave measurement data on the
nogse cone separated from the Eridan rocket and plasma frequen-
cy based on the same data.

It is8 also obvious thal the observed height dependence

of electron f1luXes, 6@4 E < 3 kev cannot be explained by the

v the ionospheric plesna characteristics according to the
wave meazurcuecnt date are kindly prescented by Dr.lavergnat
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acattering from the rocket body, In our opinion, the fact
that energy spectra of recorded electrona do not change their
shape when the injection energy changes from 27 kev down to
15 kev (see Fige.la ) does not confirm the assumption

that the neutral stmosphere is strongly ionized by the in-
dected beam at heights of2130 km, We suppose that electiron

accaleration in the proceas of beam instabllity development
during interaction of beam with ionoephere plasma can serve

as a gource of elsctron fluxes under discussion.

The spectra shapa independence on height in the range
wi ki
~ 155 =~ 140 ImYihe plasma generator #2 switched off can
be related to the fact that plasma frecuency ™Wp (fig.4)

at this heights is practically constant. It
means that under unvariable conditions of the injection

that taeke place when cx&nj =0, the conditions for the in-
stability development and, accordingly, their influence on

the ionospheric plasma remain constant. The decreasing of
energlies and fluxes of theae accelerated elecirons as the
rocket g.ts tﬁe region of lower altitudes can be associated
with the influence of the increasing frequency of collision
with neutrals,

Since the character and the degree of the development
of the beam instability depends greatly on the beam current
value and the efficiency of the statistic accelerating of
particles depends on such parameters as the type of excited
vaves the freqﬁency of plasma waves and their energy density,
it can be hoped that the obtained differential gpectra of the

observed electrons, on the one hand, and the wave measurement



regults carried out during the Araks experiment, on the
other hand, will be useful for identification of the proceca-

8ds which resulted in their occurence.

4. Concluaion

1. The wide-angle electron analyzera with retarding
potentialiinstalled on board the Eridan rocket for measuring
the potential QD of the body during the accelerator opera-
tion recorded electron fluxes from the environment with
energies €¢ < E < 3 kev, Within the pauses between the
injection current pulses such fluxes were not observed,

2. The recorded electron fluxes with energies E.>£40
beginning with h ~ 160 km decreased as the altitude lowered;
near h £ 120 km they dropred to the value lower than the
instrument sensitivity threshold.

3. The observed specira churacter practically did
not vary with the injected electron energy variation from
27 kev to 15 kev,

4, After the plasma generator was switched off the
observed flux time fluctuations increased.

5 The altitudinal dependence of these electron
fluxes does not allow their origin to be explained by the
atmospheric scattering, the Coulomb scattering or by the
multiple scattering from the rocket body during Larmor
rotation of Injected particles.

6, FProbably, the occurrence of the obaerved electron

"~ fluxes with energies E >'e9° is caused by the acceleration
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of electrons of the ionoaphere plasma by the electromagnetic
end electroatatic wavec which occured as a result of the
beam instability development in proceas of interaction of
the eleotron beam injected from the rocket with the iono-
spheric plasma., The particle concentration in the recorded
electron fluxes energy range is (10"6 to 10°7) n,, where ng
is the electron concentration in the ionosphere surrounding

the rocket.
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Pirure captions

Energy spectra of electrons with e§5<E <3 kv,

during the electron beam injection for

(\
Cﬁinj’°° and ¢ ing

= 2,56 sec,

The altitude dependences of electron fluxes
with B ~ 1 » 3 kv,

The differential energy gpectra for the altitu
des ~ 160 - 180 km.

The altitude dependences of the fundamental
ionospheric parameters { /e , G%p Y A

during Bridan rocket flight 1.26,1975.
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