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The measuring instruments for space plasma electron component parameters
are applied in the study of the sutrounding space aboard attificial earth satell-
ites when variable potential is available at the space object (satellite body).

Such instruments are familiar from reference sources as performing expe-
riments with the help of Langmuir cylindric probes [1, 2, 3], They are compos-
ed of a curtrent-voltage converter (TCV), connected with the cylindric probe
collector (CSL). In turn the TCV output is connected with the telemetric
system (TMS), as well as with sawtooth voltage generator (GSTV). The latter
confrois the protective electrode of the CSL. :

The disadvantage of the described instruments is incomplete measurement
of space plasma electron component parameters {only density or electron tem-
perature in restricted range) under relatively high potential of the body with
respect to the surrounding environment of plasma. Complete loss of informa-
tion is {o be observed occasionaily in such experiments.

I. In crder to design instruments for measurement of plasma electron com-
ponent parameters with CSL so as to obtain complete scientific information
on the density and the temperature of the electrons in the direct measure-
ments aboard the spacecraft within a large range of variation of the body-
piasma potential difference, it is necessary to satisfy several conditions.

First, it is necessary to incorporate an additional system for automatic
control of the variation range of the sweep voltage, applied to the electrodes
of the CSL, in dependence on the value of the mentioned potential difference.
In general, this system contains a TCV converter, connected with the collector

and the protective probe electrode. The TCV output transpl

and enhanced signal to the TMS, as well as to the system f¢
tion SAC of the translation voltage. One of the outputs of
by the probe profective electrode and the other is connec
The other input of the SAC controls the output of the mai

Such a device has positively advantages as compared
in use.

orts the converted
r automatic selec-
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ted with the TMS.
n generator GSTV,
with systems now
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An examplary design of the described instruments is given in PFig. 1
where / — is probe (protective electrodes); 2 — potential meter; 3 — DC-,
DC voltage converler; 4 - - collector of cylindric probe; 5 — second conver-
ter of DC-DC voltage; 6 —— input (output of amplifier-differentiator); 7 —

:

Fig. 1. An example of a block diagram

:

Fig. 2. An example of a Hime-voltage diagram

peak detector; & — first switch; 9 — pulse generator; /0 — digit-to-analog
converter; // — second switch; /2 —. retarding block; /3 — ‘measurcment
sampling’ block; /4 — switch; /5 — analog summator.

The principle of performance is the following: the protective electrodes
of the cylindric Langmuir probe, in fact ‘floating’ (insulated from the body and
the other equipment), are charged to potential Ve, close to the potential of
the surrounding plasma Vpe. At the initial phase of each measurement cycle
one of the inputs of the switch /7 is closed by block 73, and switches & and
/4 are open. The collector 4 receives initial potential Ve from the output of
the potential meter 2 after conversion into convertor 3, equal to the potential
of the protective electrodes /. Through the closed switch 8 at the input of the
digit-to-analog converter, pulses from generator 9 are fed in the result of
which linearly changing voltage Vp,c is generated at the output of converter
10. This voltage after being converted into converter 5, is added to the vol-
tage at the output of the first converter 3 and changes the potential of collec-
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tor 4 [4], Due to the serial connection of blecks 5, 3, 6 to collector 4, a signai

is obtained af the output of amplifier-differentiator 6, which is proportional to
1/

the derivative of the collector current {, in time ffff" Since fthe variation law

of the potential of collector 4 in time is lincar, the signal is proportional also

daf

to the darjvative d—U’i. This performance is interpreted with the following theo-
retical consideration: the volt-ampere characteristics of the probe are compos-
ed by two sectors of different curvature. The potential of the collector in the
inflextion point of this curve is identified with the poteniial| of the surround-
ing plasma. At the moment when this derivative attains its| maximum, a sig-
nal occurs at the output of the peak detector 7, which ogens switch & and
provides resolution to switch /7. The determined value of the signal from the
output of the digit-to-analog converter /0 is summed in thel analog summator
15 with the value of the potential difference Vi between the| ‘floating’ electro-
des 7 and the body from the ouiput of wmeter 2. At the output of summaior
15 we obtain potential equal to the plasma-body pofential |difference.

The signal from the first detector 7, after certain delay T, determined by
the retarding block 72, is fed to ‘measurement sampling’ block /3 which clos-
es switch /7 and repeats the measurement cycles of periodicity 7.

{I. All the things discussed thus far could be summarized and specified,
considering the fact that the bulk charge generated as a rule depends on the
size of the radius of Debay, and hence, on the ieasurement height. In addi-
tion, the consideration of the error in the measurement is not possible without
some other additional probe measurements. The aim of the [following anatvsis
is to consider the effect of the bulk charge arround the probe and as a result
to decrease the errors in probe applications of space experiments. This pro-
biem is resolved as follows (Figs 3 and 4). [Fig. 3 illustirates the block diag-
ram of the discussed instrument and Fig. 4 shows the temppral diagrams ol
the instrument (in particular to the outputs of the two generators of trapezoi-
dal voltage --- blocks 4 and 5). :

The principle of performance is the following: each cycle of performance
on the diagram containg four characteristic time intervals regpectively denoted
hy £, £y, t3 and ¢, The ratios £, +4,+2,<¢, and ¢, =£;>4£, are valid for them.
During £, the block controls the fogics 7, switches through switch 3 the second
end elcctrode 7 to the collector of probe 2. The cylindric Langmuir probe per-
forms as a unilateral protected probe of length 1=1,y+ L= 21y in total. The
current from the collector (already 14-2) it converied into vbltage by current-
voltage converter 6, and the latter is fed to integrator /0 through switch &
and the first (upper) channel of distributor 9 where it is memorized. During
the period f,+ £ the second cnd clectrode 7 is switched by block 7 through
switch 3 fo the first end electrode 7 and the probe operates as a bilateral
protected Langmuir probe with collector length of [ [5]. The current from collec-
tor 2 is transformed into voltage by 6 and through second switch & and
second channel of distributer 9 is fed to the input of integrator 7/ where it
is memorized. During the interval of £, +£,-+¢; the generator 5 gencrates de
voltage of value equal to the maxzimum accelerating voliage of the linearly
decreasing sweep, During ¢, +4£, switches /2 and /3 are closdd open. During &
switches 72 and 13 are closed and the voltages from the outputs of integrators 70
and I/ are fed to the inputs A and B of summator [4, |as channel A has
coefficient of convergence “1” and channel B has coefficient of convergence
“2”. At the output of summator /4 we obtain voltage, proportionai to the

|
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current, determined by the availability of the bulk charge in the frontal part
of the second end protective electrode /.

During £, switch 3 switches second end elecirode 7 in its capacity of
protection (I-+1) The current of collector 2 is transformed by 6 inio voltage
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Fig. 4. Temporal diagrams of the instrument

and the latter is fed to the I telemetric channel through| switch &, During £,
the second generator operates in linear decreasing sweep mode (Fig. 4).

The output signal obfained in the interval £, describes the volt-ampere
characteristics of the probe, and the electron density is computed by iis slope,
through the use of familiar formulae of plasma theory. | The signal obtained
within interval /; is determined by the availability of bulk charge and contains

information on the introduced error.
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Conclusion |

Future attempt will join together the above-mentioned asp!ects from the mini-
mization, optimization and updating of the probe technique, applying cylindric
Langmuir probes in space experiments, If should be menfioned here that in
some space experiments in particular the ionospheric-magnetospheric project
INTERCOSMOS-BULGARIA-1300 instruments were designed on the basis of
the above considerations. They successfuily performed andl provided abundant
information for the fine structuring of the electron plasma |component.

The instruments described have been part of the DBulgarian participation
in the VERTICAL program.
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KOCMMYECKa IiasMa. —
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Of6 yCTPOMCTBAX H3MEPEHMS NIZPAMETPOB JJIEKTDOHHOM KOMIIOHEHTE!
KOCMMUECKOH [WIa3Mbl NPH HAMMYHK Pa3HOCTH [OTEHIIUANIOB
OO LeKT — IJasma’

C. K. Yanxeinos

{Peawme)

JIMCKYTHDPYETCS CHTYALUS BOKPYr OGBEKTA —— NOCHTeaAs HAYUHOH annaparypui B
peanbHblx yoaoBusX. Hanuune pasHoCTy NOTEHLUAROB ,00hEKT — I11d3Ma“ MOMeT
IpHBECTH K OMMOOYHEIM HAYuHbLIM PE3YABTATaM, OCOOCHHO [UTO KacaeTci 30HKO-
BLIX MeTofob. B pafoTe ciaenaHa (I0lbITKA ONKCATb YCTPOHCTBA H3MepeHHs 1a-

PaMETDOB 3JCKTDOHHOH KOMNOMEHTH [JIA3MBI ¢ LOMOIUb
aoupa Jisurmwopa,
MallMg O KOHUSHTPALUMH H TEMIEDATYPC VICKTPOHOB IDH Hel
perun ¢ Gopra KA (B mMPOKHX 1PCAENAX M3MEHEHHS DE
LKOPIIYC —- OldsMa“), & TAKKe aHanU3UPOBaTh BAWAHHUE O
KpyT 30KJIa U B DE3YABLTATE -— YMEHbIUUThL OMIMOKH UpH
KOCMHYSCKOM SKCIePHMEHTE,

AOCREACTBOM KOTOPHIX NOAYYaCTed IIOJ

0 LHAMHJPHYECKOTO
iHas Hayuxas wadop-

QCPeACTBEHHOM HaME-

3HOCTH [MOTEHLIHAJOB
BHEMHOr0 3apana Bo-
NMPpUMEHEHHH 30HMa B
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