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SUMMARY

Experiments on the study of plasma near the Mars and along
the Earth o Mars path which were performed sboard the six space-
crafts launched in 1971 and 1973 are described. The descriptions
of the modulation-type ion trap and the retarding potential elect-
ron snalyzer (trap) are given. Peculiarities of plasima measure-
ments on oriented spacecrafts are considered. Besults of lsbora-
tory tests of the devices and samples of primary results of on-

board measurements in space are presented,



1. Technigues and devices

1. Experiment tasks and choesing of techniques

In the present paper experiments conducted on six space-
crafts launched toward the Mars in 1971 (Mars 2-3) and in 1973
(Mars 4-7) are described. On these spacecrafts almost identical
devices were installed for the study of both ion and electron
components of the solar wird (some difference between the 1973
and 1971 devices is outlined below). The main task of experi-
‘'ments was the study of characteristics of the near-Martian plas-
ma which is nécessary for the understandi“s'of the interaction
of Mars with the interplanetary medium. In addition, heasurementq
conducted during the long-term flight from the Earth to the
ﬁars and at orbits of Mars satellites allow t& obtain statistic~
ally reach information on solar wind fluxes, velocities, densi-
ties, ion and electron temperﬁmres, interplanetary shock waves,
‘ete. It should be cspecially noted that for the choosing of the
correct model of the solar wind (from a number of presently
existing theories) it is necessary to know the radisl heliocent-
ric distribution of the electron temperature ]; in the solar
wind. However, the available data or Te a}.'e mainly obtained
near the Earth's orbit [1].
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Up to the pressnt msasurements of solar wind charscteris-
tics were performed by means of davices of two maln types:
charged particle traps (for example, [2-5]) and electrostatts
apalyzers {for example, [6—9] }. In U8/ scientific literature
the charged particle trsps eare somstimes named retarding poten~
tial analyzers [&] and Faraday cups [5 ]. The devices of sach
‘type has both advantages and d Jects. Curved (syl.ndricsl or
spherical) slectrostatic analysers give ons the possibllity to
apply for the analysis of charged particles of the givan energy,
much more lower voltages (by several times) then thos- in charged
particle trapa. The angular disgram (the dependence of & currant
on the angle batween the partiole valooity and the normal to the
aprture) of ourved analysers lied as a ru'e within several de-
groes. Xlectrostatic analysers are broadly applisd in U84 on
spacecrafts spinning around the .xis inclined %t the ecliptic
plane by~50° or ~ 90° (the spaceoraft of *he series "Vela® [10]
and *Plonar-6" [‘H lrnpceﬂvol;). The narrow sogular disgram of
the devices enabl.s ons to detorains with .uffictent precisiorn
ths wirection of the arrlval the ocharged particle flux &nd a bhigh
sampling rete of the telemetric systam compared to the apace-
¢raft ~>ip perlod allows to meagure the particle ensrgy spectrum
when variaotiovn of the orisntation of the device 1s ssell (weee,
for exarple, [8 ] ).

A8 wpacecrafts under consideration wers ariented to tha Sun
with the high secureacy (-~ +1) and the direction of arrivel c¢
solar wind fluxes. can di.fer from that to the Sun by sngiae witc-
1n 390° [1] , 1t 1 extremely dlfricult o deteraine the angle
of arrivel as well so the density ari e inte;r . flux of
solar wind 1ons by using of device with the narrow angular dla-

gTan,
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Chexrged particle traps may bave angular disgrems {using
suitable collimators) £-om several or sven frastiona of degree
%o several tens of degress. This point played the main rols in
ths chwoosing ¢of the measurement techniqus at spacecrsfts under
consideration. 4 wide-arngle modulation~type trap oriented to the
Bun askes it posaible (in spits of possible significant varia-
tions of angles of arrival 8 ) to determine the majority of
charasteristios of solar wind icnsi: the flux, the density, the
veloelity, the texperature, the o -particles content. Solar
wiznd electrons charscterized by a low anisotropy [B. 12] y BY
thermal velocities exoseding thelr bulk welocities anid by sder-
gles olose to those of pbotoelsotrons and ssoondary slectrons
saitted Irom the spacecraft surface we Drefer to study Ly Doans
of electron traps. Thess traps were plm'od on the permanently
shaded part of spacecrafts Mars and oriented in the antisolar
direction. Considerations in favour of such a ocholss are pPresent-
od in detailes below.

Let us note that at same spacecrafts cylindrical eleoctro-
stutic anslyrers were installed by another group of experimentat-
ors for the study of the solar wind (im partioular, of ths ion
componant) [13, 1] .

Conception of plaame undey inwestigation deriveu from the
experimental results strongly <depends on sharaoteristics of the
device and on the method by means of which thay are tearan into
scoount during the experimental data processing. ‘.l'hucforo. one
of main task of the present paper is to desoribe the devices
used the results of their laboratery tests and the primary data
obtained froz the spacecrarts Mars 2-7. The teohaniqua of further
data procecsing (soze samples of primery data are given in this
paper) an! the interpretation of ths results obtalned will oe
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given slsewhwre, in particular, in [15] -

2. Mepsurements of plasma iom componsnt

Neasurenents of ion snergy spectra in the solar wind wers
mads by means of charged partiole méd.ation-typs traps on many
apacecralts (soviat spacecrafts Zond-2 [16] . Yonare-3 [17] N
Progonos and Prognos-2 [18. 19] » ansrican apacecrafts Plormera
[5. 20] » Explorers [21. zz] and s0 om).

The mscdulation=-type tTaps on spacsorafts of series Mars
were mounted on the illumineted part of sach spacecratt (see
fig. 1a). The normal to the apperture ooincided with une soler
direction to within $+1°. The disgram of the trap 1s shown in
fig. 2. Bach snergy spectrum was measured 1n 16 energy intervals.
(Tadls 1).

Table 4

lo.orumorvds‘!lzs)s!lfvsﬁs?-ae

VIth of SDTEY  5%0 0-B m-aoc.:.m 0= 700
iote val (v) 403 200 332 S0 M0 932

%o. of interval 9 M1 142 13 w15 16

Width of energy 932- 1190~ 1500~ 1845~ 2225- 2600~ I10- 3550=-
1pterval 1195 1500 1835 2225 2625 2060 3550 MO0

The modulating frequemny is ~ 0 o. The msasur( wot of ons
spaatrum lasts 51 sec. The tise interval bBetween successive
speatra is changeabls and it may be 2, %0 and 20 minutes. In the
selective amplifier of trap collector currents sengitive to the
wdulating frequency tha phase detsctor circult i uced,



S8ome results of laboratory tests of mocdulation~type tTaps
were pressnted in [2.3] . In modulation-type traps inatalled on
spacecraftes Mars 2-7 the structure of t.ho wodunlating grid and
the d:lunnco. between slectrodss were changsd and therefore de-
pendences of registered currents on the ion energy end on the
angle of arrival of ione relative to the axis of symmetry of
the trap were also changed. In laboratory testa the traps were
irradisted by quasimoncenergetic besms of ir® lons with ener-
gies E ~ 1000, 2000 and 2000 ov. “he angle of arrival of lons

6 wvaried within 0-A5°. The energy dlspersion of Sons did
not axceed 1.58, the divergence of beams was ~0.5°. the inten-
sity inhomogenity of the beam was less than 0.6% within the trap
apsrturs. In fig, 3 & volt-aapers and angular characteristics
of s modulation=type trap ars presented which were obtained with
the use of Ar* lon fluxes with the esergy 1950 ev.

The ocharsoteristics of tt: trap, amplifier and telemsatric
cystem enable one to essure by mesns of this device lon flurxes
over tha range 10° - 0% oa? es0~" 1n each eneTgy interval.

The dstermination of parameters of ion fluxes in the solar
wind is realized by the ocmperisocn of measurs® ion spectrs with
calculated onas. Caloulations of spectra were conducted with
ta-kins into socount of laborator) characteristiocs of traps un‘er
the assusption that ths mixture of prowons and o -particles
has {in the ocoordinate aystea Islated to the soler wind) laxwel-
l.an velosity dlistribution at different ¢ombinations of the s lar
wind bulk wvelocity V + the proton tenperaturs T, and o=
=particle tesperature T -



5. Heasurements of plasma electron somponsnt

Before the duoripﬁ.oh of pessurements conducted on space-
craftes Mars 2-7 1t is necessary to outline some peculisrities of
measurements of solar widd electrons performed sarller by other
authers ard obtained results.

Enowledge of sharscteristics of sclar wind clegtrons is of
grest importance. One of main plasma paramsters from t.ho‘ polnt
of view of instabilities development P (the ratic of the therm-
al energy 1a volume unit to magnetic cne) in the solar wind is
prioarily daterzinsd by ths olectron temparature T. s+ ®hich as
s rule i1s significantly higher than the proton temperature Tp
ij.mbu of experiments on solar wind elesctrons 13 Dot great.
They include zeamirements by means of slectrostatic analysers
(Ptoner & [2%] , Vola=s [8] ) and vy means of the eiectron
trap (Explorer-35 [4] ). There are no publications shout mea-
suredents of sclar wind charscteristics on large distances froa
ths Barth's orbit.

Some peculiarities of megsurements in the sclar wind by
means ¢f the .1ecfxon trap with planar geometry ob the slectri-
cally charged mpacecraft (with the enszgy analysis of elsctrons
by the method of ret rding potestials) were sonsidered dy E.Wip-
ple and L. Parker in [12. 25 ]. In [‘12] resulta of measuremsnts
in the solar wind by means of the electron trad on the satellite
0GO=1 in 1964 are als0 anslyzed. Some conclusions drawn in these
papers one can resume in the folloving way:

1. The slectron trap on the spacecraft flled i. the space
registers in addition to slectrons of exvironmental medium photo-
slestrons inoluding emitted inpside the trap by the ultraviolet
s0lar radiation and secondary electrons.
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2. Photoelectrons a™d secondary electrons make a signifi-
cant contribution to a collector current (forming a bend on a
volt—ampere characterir is) at 2-6 volts ‘rom the zero retard-
ing potential on the analysing grid relative to the spaceoraft
body.

3. The retardation curve can be interpreted as a resulg
of influence of two componants of the elsctron gas: of a "cold”
component with the temperature 2-5 ev and the lensity of the
order of hundreds particles in 01'3. and of a “hot" ¢omponent
with the temperature of the c-der of some tens av and the den-
sity about saveral particles in ca™>, This "hot" componant con-
slats of solar wind elsctrons.

In procesaing of results of measuremsnta of T. by Mont-
gomsiy ot al. (Vela~4 [8] } the aescending Lranch of the dis-
tribution function is used from the energy ~ 1€ ev apparently
«n order to exclude the influence upon it of photo- and secon-
dary electrons {rom ths spacecraft surface. In the smame paper
the posaibility of regletration of solar wind electrons beginn-
ing from mentioned energiea on thc ahaded part of the spacecraft,
is exporisentally ahoun. In thie case the registered slectron
flur which comes from the antisnlar direction is about twice
less than that coming froam the solar one., The shape of the .is-
tribution function {excepu peculiarities in "superthernal taila™)
s practically the sams in both directions. The location of the
electron trap on the ahsded paxt of the spaceoraft [B] allowa
ons {0 avold completely the registration of photoelectrons ez t—
ted inside the trap and from the closest to Loe tre) parta of
the spacecraflt surface and gives onea ths posscibllity te perforc

safflelentliy co:rec. Svu urencnls of T. « In fi;. b tie looa-
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tion of the trap on the shaded part of the spacecraft is
shown; minipum distence from the trap to the terminator excesds
"IO2 cl.

Let us show that in the determination of T. ons oan ex-
clude the dependence of photoslectrons coming from the 1llumi-
nated surface of spacecraft using only a nart of the retardation
ourve corresponding to valuee 7f retarding potei..lals more than
a certaln thresuold (see, for esxampls, [3. 12] Y. The velus
of thim thresbold is closely related to that of the apacecraft
potential which ip %turn is primarily determined by tra flux of
slectrons from the environmental medius and the photosaission
current valus. The moat complete results of the study of photo-
enission are g.ven by Grard 26 , which fncludes the data of
careful leboratory measursments of the photosffect from dlffe-
ren. materisls and of rooket sclar ultraviolet radistion spect-
rum measurements. In [26] it 1e shown that the distribution
funstion of photoslectrons emitted by the soler ultraviolet ra-
Adlation pesaks at values of energles 0.8 « 1.5 ev depending upcn
a s face materiel; the meah valus or & photoslectron snergy is
4.2-2,2 av. A ourrent of photoelectrpns with enargies ™3-6 ev
and 710 ev are lesm than ths total current of the eleéctron photo-
emlssion by an order of msgnitude apd two orders of magni tuden
respectively.

The flux of electrons fros an environmental wedi.m
5-"!(!)a cn2ae0™" (corresponding to the solar wind electronm flux
at T.-1.5-105°l and T,~8 u"}) causes the apacecraft poten-—
tial ¥~ + 5 v in case of a flat body and Y, ~ 2V in case
of a spherical onoe [26] . This conolusion is ir greensot with
Thipple’s and Parker’s data [12] , although 1t contrasts witn
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Serbu's data [4] {according to [4] ¥, of Explorer-35 was
~ =1,5 v). Usiog solutlons of the task about a partiele motion
in a fisld of radial forces varying as ‘/1’ (see, for example,
[2'?] ) one can show that e'sotrons emitted from the surfacs of
& spharical body with the kinatioc energy »£¥, does not return
on the surface, If i. is the case for bodies of & xore compli-
cated formes, all pbotoelectrons with ensrgies axceeding £¥,=
3=5 ev 40 not return on the spacecraft and o should not be re—
glstered by a detector on the ahaded part of the spacecraft.
One must bear in aind that the current of photoslecatrons regist-
ared on the shaded part of the spacecraft and of secondary slect-
rons abould reduce with increass of the distance from the spsce-
crafts terxinator. Therefors it is desirable to place %“he elect—
ron trap a: the paximum distance from the shaiow-light boundary.
In our ocmse, as it was mentioned abowe, this diatance is more
than 102 on. Teking into sccount that the trap is remoted from
the shacecraft terminator (sees fig. 1b) ons can suggest that the
significent part of photo- and sscondary electrons froa the ii-
luminated part of the spacecraft which could resch the trap should
have cconaiderable components of velocities parsllel to the trap
aperture. Therefore tbe trap ls designed in such a way that 1t
is completely insensitive 0 slectrons with slightly sloping
trajectories (with angles of arrival > a0° relatively to the tre
axis).

T a sypearance of tiw elesctron trap is shown in Fig. da.
In Pig- 4b the schematic elsotrical disgras is given with basic
geometrical diseneions. The trap axis is directed in antisolar
direction to within z1°. An on8 can ses frox Fig. AD the sleot-
ron trap hos four electrodes: the snalyzing interspsce iz formed

by two spherical grids (3-8), and two sleotrically joint plenar
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grides{5) surve as an electrostatic screen. The total optical
transparency of the system of grids in the trap 13 0.6. The col~
lector(6) is made in the form of a plapar elsctrode with the
"boneycomb™ mouthpiece. All slectrodes of thea trap, its instde
durface and gills{2) (which are designed to reduce a musber of
electrons roflectsd from walls of the trap) sre gold-plated.

Lavoratory studies of trap characteristics were conducted
in a vacuum chacber. The trs, was lrradiated by guarimoncenarge-
tic beeas of Ar* ions with differont beam energies E (13,6 ev;
48.8 ev, 100 ov, 525 ev). Ain angle between the direation of the
ion rrtion in s beam and the tra: aris varield from 0% w 40°.
The use ol Lewvy ions allows to exclude errors sasoclated with
curving of slectron troler+..'.- ‘n scaterring maznatic fields
snd in the geomagnetic fisli. Results of laboratory we~’ --~enta
ars presentad In fig. 5. Iﬁ fig. Sa the Jepenlengc .. nbown :*
the trap collector current on a dimenzionless velus of the ratio
of the retarding potential on the analyring grid to the energy
of the besm of Ar* ions. Values of currents are normalized to
that at z2a70 retarding potential. The curve given in fig. 5a is
oractically independent of the angle of the incidence of ions on
tke trap & . In fig. S5b sngular characteristica of traps are
shown which wers obtained at abovenmentioned energies of }on-
noraoalized to the unit at zero angle of the incidence of ions
0.1 the trap. An ularcharactaristics messured in such a way are
slight’y dependent upon values of the retarding potential Wa
on mnalyeirg grid ( ¥ was coustant shen esch specl 1 charsc-
taristic was peasured) and the ensrgy of the ion bean.

The d.nrlfion of measuring ol one electron spectrun and the

time interval bLetwasn Deasursdants by he electron trap are the

sucoe as by the rodulation-type trop. These vzluer sere =—entioued
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above.

On spacecrafts Mars 2-3 each retardation curve was taken
over “4 steps of the retarding potential which wers choosen se-
cording to four prograzs dspending upon valuss of T. {see Tedle
2).

Pable 2
No. of stepr 1 T 2 i 3 3 & 5 § 6 3 7
} 2 2

Ho. g:lpm-: : ’, 1 s : :
1 0 3.15 8,55 3 7.6 Q3 0.5
II ) 5 9.6 12.6 16.8 22 24
Iv (4] 9.8 ' 12.3 16.7 19.6 2.9 28.6

No. of step

No. of pro- 8 9 1*° " 12 15_ 14
gran
I 12.4 1% 15.3 16.8 18 2 1
1 28 32 % 3 43 47 52
Iz 1 | 42 53 66 Ve 0 103
Iv n | X 89 170 2% AQQ

Ths full-scale range of the amplifier ¢f the colleotor ourrent
{trom 5.5x0-1%a 0 1.55r10~%) was divided into thres linear

subrsnges. When the ecllector current reached certain values the
sntomatic switching of subranges ocoured. The ipatrument sensi-

‘vity was l:!.l..c‘n:'.*6 u'auo'dstor"' for the isotroplic electron
flux (with taking into account the charsetaristics of the trap,
anplifier and telemetry system).

As the ourcuit for the automatic sholce of progrsms on
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Mers 2.5 sometimes operated wneufficiently efficient retardation
curves on Mars 4-7 wers taken acoording to the only standard pro-
gras oontaining 16 steps of retarding potential {eee Tabls 3).

Table 3

!o,.#.lmp’112353_4:5:63 7?7 :+ 8

Rat

poteati 9 2 & ? * 1% 18 25
(v

Jo, of step 9 0 " 12 13 1% 15 16

Rwﬁ
P:“l(l% =) » X 75 100 150 200 300

_he auration of measuring of one speotrum and time intervals
between messurements are the same as on spacsorafts Mars 2-3.

The sensitivity of the amplifier increassd up to soms degres com-
pared to Mars 2-3 (to 3,33r10"77a). The se sitivity to the iso

tropic sleotron flux inaressed up to o,emo‘ on~2aec-Tster™.

», [ } i T ts FUrs. ]
S soms concireions

In fig, 6a, b typlcal sasples are givan of primary diffe-
rentisl spectra of splar wind lons whioh were obtainec on space—
eraftes Mare-6 and Mars—7 on September, 1973. Numbers of energy
intervals ocorresponding t~ Table 1 are shown o3 the axis of sb—
scissae. The broad spsotrum in fig. 6a corresponds %o the magne-
tosheath of the Earth, The spsotrus pressnted in fig. 6b is ob-
tained oloes to the Rarth's orbit im the undisturbed solar wind, .

Io the right part of this spectrum one can olni:.‘. seen the peak
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caused by ol -particles of the solar wind. The further process-
ing of similar spectrs ie made by the method mectionsd in sec-
tion 2 of this paper.

In fig. 7 electron ,pectra Wre Shown Jhloh are obtained
on spacecrarts of seriss Mars. In 115] the expresslor is derived
for the collsctor ocurrent created by slectrons from the environ-
mental space with the isctroplic Meaxwellian distribution funstion
for the slectron trsp described in the previcus section. Smooth
curves in fig. 7 correspond to walues of ¢urren.s calculated
theoreticelly ascording to {15] with teking into atcownt of le-
boratory characteristics of tb trsp given sbove. The majority
of experimantal points satisfactorily fall on theoretiecal curves.
Howsver thare are seseatial differences from calculated turves
near the zero retardlag pevtential. According to resulta by
Ihippli and Parker {12 ] shaded reagions of current values near
the zero reterding potential can be interpreted as caused by se-
wondary electrons and photoslectrons from the tlluminated spaco-
cralft surface. is coRpared to [12] the sxceeding of I.“ over
its value determined by electrons in the environmental mediun 1is
szali. This can be explained ia eur splolon by follewing factors.
First, the abssnce of a photosalssion and the weukeiing of re-
gistration of secondary elestron Lnslde the trap. Second, ths
trap 1s significantly distant froa the spacecraft terminator.
Third, the trap has a comparatively narrow anguler dlagram and
«J08 Dot regiser electrons with inflow ubgles » #0° relative
to ths trap sxis. In [15] additionsl sonsiderations ars ~iven
an? according to them one can reliaily determine T. Ifrom re-
sults of thess experiments. It is only medessary tc sxclude
parts of voli-ampere oharsoteristics nesr the zerv retarding po-
tential.
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The method of the deteraination of ion energy mpectra in
the interplanstary plasde by means of the modulation-type trep
was repeatedly testsd previocusly. Spectra pressnted inm fig. 6
are eimilar to thoss obtaiped ip such sxperiments {thers 1s a
difference, however, Lrom early sovist experiments [‘IG] in a
nusber of energy ranges).

Fetarding curves of interplanetery plasme slsctrons similar
%0 those given in fig. 7 4o pot differ on principle from cor-
Tesponding Jurves cbtained in the TSA expariments with electron
trape [12] + Neverthsless thay have somes peculiarities cwing to
effective aotions taken on spacecrafts Mars 2-7 to weaken the
influsnce of photo- and secondary slectrops from the spacecraft
and the inside of the tTap.

An 1t was mentioned abowe & detailed desoription of all ob-
talned ruulﬁ and thelr interpretation will de published alse-

whars.



Pig. 1

Pig. 2
Mg. 3

Pg. &

L A

riso 6

Plg. 7

17

Flgure captions

a) The position of the ilon trep on thée spacecrafts
lgunched toward t « Mars in 19
b) The position of the slectron trap ob the same space—

crafts.

The acheme of the lon modulation-type trap

a) Volt-ampers characteristios of the lon modulating-
type trap sccording to the data of laboratory mea-
surements

b) A2 angular characteristic of the sams trap accord-
ing to the dats of laboratory measurexzenta

a) The appearance of the electron trap
b) The Alagrem of the electron trap

Y 1 nlt-ampere ocharacteristic of the elsotron trap
(result of laboratory measuresents)
0} v ur Lcarzactsristls of the eleciron trap

(reasuls ~f saboratoTy measurementa)
Bamples of ilon spectra o*ais Av-ing L:9 Clights
of the spacecrafts %o Marnm
a) in the Earth's magnetraheath
b) in the solar wind

Bamples 0. eleotron speotrsa obtained duriigx the
flights of the spacecrafts to Mare
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