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Erratum 

AID Report P-64-39 should be d ::.si.gnated 
on the cover and title page "Task l 0" in­
s te ad of ••(Iieport o. 10 in this s-ries)" . 

F ORE\ ORD 

The follow ing comprehensive report has. been prepared 
in response to AID WA 43 Task 10. It is based on ma­
terials available ton· . Ae ·ospac e Information Division 
at the tim e thi s report was written. 
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RADIO-FRFQ E CY ASS SPECTRO TRY 

I. I STR IVIE TS 

This introductory chapter pr sents descriptions and specifica­
tion data of Soviet r-f mass spectrometers in the approximate chrono­
logical order of their in -reduction or of publications in which such in­
formation appearP. The principal agencies conducting research i.n 
this field appear to be the Institute of Applied Geophysics of the Acad­
emy o! Sciences USSR in Novosibirsk*, the State All- nion Design 
13t. reau o:f Analytical Instrumentation**, and the Commit.tee for Radio 
Electronics under the Council of Ministers, USSR***· The person­
alities engag d in the field include, among others, such researchers 
as orsin, DoyPni syn Mikhnevich, Mirtov, Istomin, Pavlenko, 
Poklrnnkov. Some of the d~vices described were not initially designed 
for t1J)per a n1osphere investigations, but were included a.s necessary 
links in the cour-se of development of types adapted spec'l:fically for 
use in bigh-altitude research . 

THE RMS-IVI 

The RMS-M radio-frequency mass spectrom et r can be consid­
ered one of the initial achievements of a group of scientists headed by 
Vo r:·sin and associated wi.th the Geology and Geophysics ]nstitute of the 
Siberian Section of the J\ cademy 01' Sciences. SSR. The main goals 
were miniaturization. and simplicity of operation. The instr1;iment is 
100 mm hi,gh and 23 n1:m 'in diame er. it op~rates on relatively poor 
'\lrac'lni:m of 10- mm Hg, and its resolving power varies betw een 10 and 
16 a omic ma~s units . * '*'~ A g _nero.l view of the cl vi ~ is shown in 
F~iJ. 1 [l}. (See Appendix for al Figs. ) 

llii.ll(<;onudar ennoye Royuznoy·e konstrukto koye byuro annlltlr­
cheskn,o priborostroy niy) 

~~•(nosudarstvennyy k omit t no radloelektronika pri Sovete 
?Uni111trov) 

•••~tho oeclfi~ations of all instruments de cribed hero nre 
-lven fn u tabla ln th Aopendix. 

- l. ... 
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THE DOYV ITSY PAT:b· T 

.According to an a nnounc ement publish d in the Byul 1 ete 1 

izobretenfy (Bull tin of Inventions) no. 13, 1960, Ye. F. Doyl'nitsyn 
was issued Author' .' C .,rtifi.cate no. 129868 for an r-f mass spectrom­
eter in December 1958 . The instrument , whi ·h is eiquipped with wo 
arms opera Ung under different cond ·t1ons, is designed to analyze ions 
from a single source. H could be used, for example, fo't the simul­
taneous study of the composition of reacting materials and of the re­
action products, or for rn asuring the ratio of two isotopes of widely 
differing mass [2]. 

THE HMS-1 

This appe:ars to be the first Soviet r- f mass spectrometer ex­
tensively us ed in upper atmosphere research . The RMS-] has been 
actually ueed., ac ording to lstomin [9), in 1957-1958 launchings and 
also [6] during the Int,ernational Gel)physical Year. being carried in 
high-altitude geor.>hysical rockets and Sputnik III [71 . The im:trument 
, as d<::Bcribed in g1 -~ a detail by Istomin in ]959 [6 ]. 

The H,M.S~ 1 cons is ·s of three parts: the analyzer and preampli-
fi r, the -•lectJ:•onics unit, and he power supply (Fig. 2a). The instru­
ment carried by Spu 'nik IH, ho·wever, had a sornewhat different appear­
ance (Fig. 2b ) [18, pp.. 166-2121. 

L Th _a nal~zer of th HMS- J 

The design of th) 7 / 5 cycle analyz r \Vas developed according 
to Iston:lin 1 s specifications by a team u· de.:: Z. G. P et:renko in 

11
one 

of t.he enterprises" of th • Gov rnment Com mitt r:-e for Hadio · l c ron1cs 
under the Council of MinifJters USSR. Th basic design wa.s Bennett.•s, 
w i.th rnodifications introduced by Vorsin and others. The principal 
·feature of this anal z. )r was a se:ries of single-1·ow gJ·ids {as opposed 
to Bennett'' s wire m sh . Thts syst m of grids was first described 
by Istomi.n in 1958 [5]. These ,grids i.n the RMS-·l wer,e inade by winding 
20-micron tungsten wire on a frame to wl i ·h polished Kovar rings 
wer ,,~ attached . Th windings w~~r , ~ retained in posi.ti.on by a spot-w,elded 
annular Kovar pl~t.e 0. l mm thick. 'he grids have a working diameter 
of 30 :mm, wHh a winding pitch of 0. 5 mm. and a transparency of 96 per 
cent. l!;ach grid with its ·windings is moun · d t,o :form n 120° angle with 
the preceding rid. Since the analyz r con.ta'ina 15 grids, the total t:t·ans­
parency bec,om s a ma:jor· 1onsiderr,tUon with :reffpe,ct to th coll cto,r 
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current. Jn general 1 th se grids ar ·• consider "'d much simpl r and 
cheaper than ·ivfre r~. esh grids and can be produced without any loss 
of efficiency 16 J. The resolving power of the H . S-1 equipped with 
Istomin grids was the same as that of the Townsend spectrometer 
described in Rev. Scient . Irst ··um., 1952, v. 2:~. no. lOt p. 538. 
In his initial descrip ion of 1958J referred o above, 1:stomin related 
that accotding tot sts carri rd out in the Institut of Applied Geo­
physics in 1957 [5], the single-ro grids showed 25 per cent better 
resolving power than the pl ot0type tubes with conventional grids. 

'Ihe diagrammati layout of the RlVIS-1 ana.lyzer grids is shown 
in Fig. 3. 

The large drift-space gaps (A and Bin Fig. 3) are maintained 
by coppel~ cylinders which also serve as drifl-spac electrodes. The 
pack of grids and metal-glass :ring spacers is ass -mbled on three 
polished ceramic rods 4 rn1n in diamett;r . Collector and grid connec­
tions pass through Kovar seals . The stainless steel body of the ana­
lyzer h.1be has a flange for mounting it on the ion source, or the rocket, 
or sputrii.k.. A tub e with the ion sour·ce attached appears in Fig. 4. 

Th,~ ion sour ,:::-~ is , sed primat'ily for laboratory adjustm nts 
and caHb~'ation and for checking the condition of the d •vice in later 
tests 120! . 

rhe spectrometer tube with its ion source :::1.ttached is thoroughly 
d egassed by heating to 400° C for several hours h n filled with an 
argon-neon mixture ()fa pressur·e of about 3 x 10- 5 mn1 Hg and sealed 
off from the vacut n:1 sys em ,. Two to thr hours a ft :. r s :>aling , the 
tub is tested for leaks, after· ·v hich a g tter is apm·ized in th tube. 
Experie nce has. shown that the tube maintains this va uu:r:n for months 
of ope:ration [ 6] . 

2. The electronics unit of the RMS-1 

rrhe electronics unit cons is s of a d- amplif:i t·, an r-f genera -
tor, rec tifiers fox- 11 shift 11 and " stop 11 voltages) a sawtooth voltag 
generator, a 600-volt d-c t:ransfo:r:mer, n commutator systern for out­
put telemetry. and a :r lay system. 

rrhe 4-stage d-c .mplifier, hich Istomin descI"ibed in conaid-
ex·abl detaU by m •••ans of ircuit dhlgrams, is b~~sed on an ampl.\fier 
recommend :,d :i.n a th , sls, pr 1rnnted by L. S. rr f.Bvang at the Institute 
of Ap lh~d Geophysics, Academy of Sd nc s SSSR in 1056 [30). C r-

. '3 1• ... 



tain features which migh b of some inter est will be related here. 
The first stage i a con ntional electrometer arrangement operating 
on a 6Zh1Zh tube with an inpu r • sistance of 10 10 ohms. Both tub :, 
and resistor- wer e remov cl from the el r.ictronics unit and placed in 
the preamplifi :)r uni · which is mount .d in the collector end of the 
spectromet r tube. Th pi"' amplifier is connec ted lo the electronics 
unit by a multistrand shi · lded able and Rl<-19 coaxial cable with 
corresponding plugs a the ends. The length of the cables is somewhat 
great r than on m er. Th remaining tubes of the amplifier are of 
subminiature type. The second stage 6ZhlB tube operates in the so­
ca.lled "microcurr nt 11 mod 1.vi h an anode load of 106 ohms and is 
characterized by a high amplific_ation fac orwi th negligible anode 
current. The third stag uses the same .,,rpe of tube and operates as 
an ordinary riode. The firs th1~ee stages are supplied wi h a 100 
per cent negative voltage f eclback, " hich produces an amplification 
factor equal to unity, thus reducing tbe time co :1stant a nd improving 
the stability of the amplifier. The tim,e constant,, evalua.t d from 
oscillograms of the voltage drop at the arnplifi r output with step\ i.se 
change of voltage at the input, is shown not to e:cce d 5 x 10-:5 se-c with 
a pulse duration of ~h ion cur.rent of 3 to 5 x 10- 2 sec under operating 
conditions. The lt.st stage is a cathode follower. that uses a 6S713 
tube to match the output to the telemeterinJ,! system . The coupling 
betv,reen all stages is galvanic.. All ba ·eri e- s are composed of minia­
ture OR-1K mercL1.ry oxide cells a.nd are installed with the amplifier 
l 61 . 

Th e cathode follo" u output 'is line-ar up to the input voltage 
value (about 5. 5 volts ), with an amplification factor of about Oo 8. 
The low-sensi.tivity output of th amplHier is linear up to ~n input 
voltage of about 110 volts with a vo.ltage amplification factor of 0. 05 
r 6 l • 

Th filament circuits ar f(.'?d by si.l er-zinc storage batteries, 
those of the anode by mercury-oxide cells ins talled in the power 
supply unit. In order to achieve increased stability of he spectrom­
eter, the filam ent, anocl , and grid of the el , c rom ter t'; tage are 
suppl.led by separate batter ies I 6 I. 

,. 

Th power supply circuitry of the RMS-I analyzer tu.be was 
based on 1ownsend's work (Rev. Sc tent. In.strum . , v. 23, no. 10, 
1952, 538) . The quartz-stabilized r-f generator was d rived from 
Piex··ce and uses a 6P9 tube. The supply systen1 differs from that of 
the Townsend design in that high voltage is H.pplied to the tube through 
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a capacitive divider farmed by a condenser and the capacitance of 
grids 4, 7, and 10 of th analyzer. This change considerably d -
creases the power requirement of the g nerator. The high-voltage 
amplitude is controlled by the grid voltag of the 6P9 tube through a 
resistor. The dee ele rating (11 shift11 and "stop'') voltages are obtained 
by r ectifi ca ti on and doubling of the high voltage by two 6D6A tubes. 
Such circuitry ensures stable operation of the tube, because the "shift" 
and 11 stop11 voltages change proportionately . A small portion of the 
r-f voltage rectifi d by the 6D6A tube serves to conti~o1 th operation 
of the generator. "Shift"' and II stop" voltages are regulated by two 
potentiometers. Two SG-lP voltage regulators are used to stabilize 
the anode voltage of the r-f gener~tor [6]. 

The sawtooth voltage is supplied by a thyratron circuit that 
used a. TG-lB tub with a linearizi ng 6ZhlB pentode [6 }. 

The anode circuit of the thyratron includes a relay .... oil.. 
Sweep reversal pulses activate th e relay and this, in tu1~n1 op rates 
the ShI-11 step commutator. Thus, .he contacts of the step commuta­
tor,. which are normally closed, open during swe,ep rever·sal and pre­
clude uncontrolled discharge <>f the thyra ron [6) . 

The electronics unit of the RMS-1 contains a semiconductor 
transform.er for high-voltage supply of about 600 volts at 50 micro­
amperes to grid 15 of the analyzer; this results in an 8-milliampere 
drain from the 6. 3 volt filament batt ery. A part of the transformer 
voltage (about 1 volt) is us ed to control its operation by feeding H to 
the even segments of s .. •ction ITI of the step commutatnr. Odd s gments 
of the same section carry contz.~01 voltage of the r-f generator a d 
the filament voltage of the fiz•st amplifi r tube. Thus, three control 
parameters are switched by the step cornnlUtator at the sweep fre­
quency and transmitted to one telemet ring channel.. This serves to 
reduce the numb er of telemetering chann ls. In addition, the "stop" 
voltage and part of the sawtooth voltage are t elemetered. The step 
commutator also transmits the outputs f the d-c amplifier, which 
perm its the operation of device by only one multiplex channel, if 
nee essary. If more channelu are available, the output connections 
bypassing the stop cornmutoto1~ are us d, providing independent t:rans­
missi.on of both high- and .low-mass channels. Sections IV of the st p 
commutator can b used in various ways, depending on the particular 
application of th d vi.ce [6 J. 

~ 5 -



3. The eower supely unit of the RMS- J 

The power supply unit f ds the electroni.cs unit .and gri ds 
1 and 2 of the a.na1yzer . Silver-zinc storage batteries and merc\lry 
oxid cell batteries are us ·d for this put·pose 161. 

THE MKh- 640 1 

This 5,-stage r-f mass spec rom eter was developed by the 
West Siber ian Section of the Academy of Sciences and Tb e State 
Special Design Bureau of Anal- ical Instrumentation some time in 
1958 or earli e r. It was desc rib ed bri-efly in a review of Soviet indus­
trial spectrometers by Pavlenko and others in m id- 1958 

1
[19 ] , who 

preBented a block diagram of the device and some sp cification data 
(se e table ). The ins trum ent is designed fo r studying the mo lecular 
chemical com position of gases in the 2 to 60 mass nunlber rang e. 
No ref r ence is made by this author o ·ts application in upper atmos ­
phere research. 

A further step in the dcveloprn.ent of r--f mass spectrometers 
was carried out by The Spec ia l D sign Bureau of Analytica l Instrumen­
ta t ion in 1959, or earlier . An instrument was designed especially for 
investigation of the ionic as we.11 as th e rnol cular compositie,n of the 
atmosphere. It was described by Pavlenko, Rafal ' son and others at 
the end of 1960 , but no designation is given in this tex l20). A mod­
ification of the devic e was described bri efly in 1961 by Pokhunkov i.n 
an articl dealing with mass spectrometric investigation of he com­
position of the atmosphere by means of a rocket launched in July 1959. 
No designation was given, but the specifications wbich wer 111 =- nti.oned 
indicate hat t he instrument b longs to the MKh- 6•l01 series. A general 
view of the device appears in F ig. 5 [ 23 J. 

Only a much .later· 0963) S\">Ur e by Pa vlenko and others defi­
nite ly identified this spectrometer as the MI<h -6401 [21] . A photo "" 
graph showing a gen,eral view of the d vice, how ev:)r, disp ays sozne 
details in hich it differs from he one described h e r {see :F ig.. 6), 
'rhe ana lyz e r arrangem nt is shown in Fig. 7.. ,.. 

In th:is arrangement, the naximum ,energy boost is expet·ienced 
by the " synchroniz ,du ions which pass the first grid at 46° of the 
high - fr quency phase and the second grid at the i nstant the field drops 
to zero. The posit ive de-lay voltage (Fig. 7) insures that only the syn­
chroni z d ions reach the collector. An increase in resolving power, 
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l 'l . f i1i . i, t . d I as we . as suppression o .-rnrmomc mass es, Wt s a nev , :>y 
1 lacing the soccessive thr · e-grid sta;;t.s at distanc 'S of 5 . 9, 4-, 7 
high-f1 equenc:y p riods from one o.nothe1·. An exa rnplP of th sp .<'­
trum obtain)d from u mixture of 5% Ar, 35% He, 25°/o N , and :-{5°'/r, 11 1 

at a residual pressm·e of 1 x 10-6 m::n Hg and an inl l pressure of 
1 x 10- 5 mm Hg is shown in Fig. 8 [20). 

Other details of the Ml<h-6401 that w -re describ din article 
[201 are the ion curren amplifier, the high-frequ ncy g n rator, 
the sawtooth voltage generator, aP.d the d-c transformer. Th devic 
fe ds the following information into the telerne ry system: 1) th 
voltages of the outputs of the io n.current amplifier (mass spectrum), 
2) the r -f voltage, 3) the cathode em ission of the ion sourc i (in mol c­
ular aaRlysis), and 4) the power supply voltage. A ground control 
unit is included which is used for setting and measuring the operational 
data of the spectrometer , monitoring mass spectra on the sere n of 
an electron-beam tube, or for r c ording them uy a loop osciJlograph. 
The specification data are included in the table (Appendi x). Light 
weight, small size , low power consumption, and long periods of op­
e ration (hundreds of hours) without need for recalibration are prop­
erties which are said to make the RMS-Pavlenko (MKh-6401) par-t ic ­
ularly suitable for upper atmosphere investigations in addition to 
other applications. At the time of publication, the device was said 
to have successfully passed the laboratory tests and to ha v :> taken 
ion and molecular composition measurements from. rockets 1 \

1vithout 
there being any mention, however, of specific experiments or r est,lts 
[ 20). 

In ihis. connection, it appears that one should mention the 
launching of 15 June 1960 which was desc:dbed by Istomin in late 1961 
in an article d aling with ions o:f :,xtraterrestrial origin in the io.10-
spher-e l].O] . In thia article, Istomin referr ed to both th RMS- 1 [ 6] 
and t he MKh-6401 [20 l , as th e instruments used int 1e inv stigation 
of his problem. However, he did gi v a very general des ription of 
the sp ctror eter actually used in the launching of 15 Jun 1960, r·e­
fe rring to it as II one of the latest models of a mas.s spectrom et• r" 
but des'ignaHng it later in the text as MKh-6403 (see Fig. 9 ). I:l is 
said to be of in ·r·eased sensitivity po J. It appears, therefor , , that 
the 11 15 J'une" or MKh- 6403 (as it is once xnore referred to by Istornin 
in [9]) spect rometer was a new develo pment superseding th RMS - 1 
as well as the MKh-6401. 

- 7 -



THE MS-"POKHU KOV" 

A 5-stage 1~f mass spectrometer, referr d to as an improved 
version of the M Kh-6401 is briefly described by Pokbunkov in a.n ar­
ticl"' publish ~d in 1962 dealing wit'.'1 measur m nts of th e molecular 
w ight of night air in a launching of 23 September 1960 l24 l. The 
improveme nts were made to overcome difficulties · xperienced during 
-clr.lier upper atmosphere investigations and arising from changes 
in th composition and the r lalive amounts of lhe analyzed mixtur · 
of gases during the m asuring proce~s. mainly du to recombination 
and reflection phenomena on the intak., and the analyzer surfaces. 
To minimize these effects, the intake ,1,,as shortened to a minimum 
and its diameter subs antially enlarged. The diagrammatic arrange­
ment of the improved A2 analyz r is shown in Fig. 10. 

A known mixture of H -:t, :He, Ne, and Ar sealed in the ana.lyz r 
C: (. 

at a pressure of l x 10- :;, mm Hg prior to launching was used for 
r.ontrol calibration of m asurements. Specification data of the spec­
t om ter appear in th table presented in th·• App ndix . 

THE IKh-6403 A' D 
THE MKh-6405 

A fur her d velnpmental step in the direction of automation 
and miniaturization is 1~epresented by t\vo clos ly related types, the 

1IKh-6403 a nd the Ml<h-6405 described by Pavlenko and others in 
S pt mb r 19 63 j21]. The lVlKh-6 ·403, the basic type for the MKh-6405, 
permits automatic change from ionic to mol ecu lar analysis, eith r 
by advance programming or by command from the ground, A general 
view of the IVIKli-6403 is shown in Fig. 12 and its measurement unit 
in Fig. 13a. Th · specifications are given in th table. One of he 
distinct features of the MKh-6403, as compared with the MKh-6401, 
is the improved tranc_parency of the ion source which makes it possi bl 
to · naJyze ionized gases of th atmosphere without removing th e ion 
s ource. The analyzer and the ion collector form a single w :.ld cl unit 
wi bout seals, a feature which contributes to the r liability and im­
prov · d pcrformanc of the instrum rt. The m asurement unit of th 
MKh-6403 contains he following units: a) ion urrent amplifier, b) 
high-frequency gen rator, c ) sawtooth voltage generator, d) mass 
rang ,) comm1.itator, ) pow er supply and volLage regulator. 'The ion 
curr nt amplifier has a 100 percent negative voltage feedback and it 
in lud s a cor r ec tion syHt •m which redu es the tim ·• constant to 
~) . 002 s c. It has thre stages of sensitivity . The high-frequency 
g ner--:1.tor has a voltag regulator which compensates for subf-Jtant 'al 
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cha nges in a m bient. I "' rri pera tH res a nd detun ing o f ci r ,uit s within 0. l 
t o 0. 05 per c ·•nt.. 1 he s awtooth gene r n to r is bas •don an ar r a nge­
m ent of capacitors cha rg d through a p ntodP wh ich yi ~1ds good sw e .p 
li n a rity . Th - comrrnJtat or ac omp1is he s th e switchi ng of hi gh - fr .qu ncy 
r a nge s , sw eep voltages, and amplifi e r ou tput stag s. The po\111' r s upply 
is a pus h-pul l 1·claxa t ion vibratoL· ope rating on two s em ic ond uc to r triodes 
[ 21] . 

The MKh - 6405 is a modification 1f th MJ<h-6403 s pec ifically 
designed for studies of the composition of the upper lay :,rs of th e 
atmosphere. This ins trum e nt p rm its one to a nalyze th e co rn pos i­
tion of both ionized and neutral g?s es, with automatic switi:: hing from 
one type of analys is to anoth r . The MKh-6405 has better s e nsit ivity 
than the MKh-6403. . ore detailed specifications of the MKh - 6405 
appear in th e table . The spectrometers are said to work normally 
under fluc tuations in ambient temperatures from -40 to + 40° C, also 
under increased humidity and considerable mechanical stresses. The 
life of th instruments is measured in hundreds of hours at a minimum 
noise level and stable zero point, as show n by actual test results (21). 

A further modificati.on of one or the other of the above instru­
ments is briefly characterized by Pokhunkov in a 1963 report on th~ 
results of the 15 No ember 1961 launching [26] . Sorn e speci fic ntion 
data mentioned in the article are includec: in the table. The sensitivity 
of this instrument is stated to have been increased tenfold, without 
clearly referring,however, to a comparable type of spectrometer. In 
the ion source, the metallic electron focusing scr en around the 
fila ent that prevents the direct passage of particles from the atmos­
phere into the ionization region was replaced by a mesh gr id permitting 
free (without collision with the walls of the analyzer) passage of atmos­
pheric particles into the ionizi ng region [ 26 J. 

Because the cathode screeu was nega tively charged and the 
grids forming the source region w r e at the body potential of the 
rocket:, the poss,bility of atmospheric ions passing into the ionizing 
r ·egion was not entirely excluded, especially at high (with respect to 
the thermal velocity) spe • ds and with s,harp angles betw een the analyz­
er ax:is and ·he velocity vector, also with negative body potential [26 J. 
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II. T JDIES OF Till'.. OMPOE'ITJO OF THE ATM( • llER • 

Th"' most imp01·tan l , v rtainly th~ most widely public-·iz<' applica-
tion of th r- f mas s spectrome ter in th SSR has b" n upp 1~ atm sph re 
and spac r sear h. Ther arc b lat d indi ations th t ro k xp •ri-
m ens of some kind hav be n conduct d sine 1954 Ill], but he initial 
indication that Soviet scientists were interested in this field was xpress d 
in an article by Mirtov in 1957 on the g n ral subject of rock t investi­
gations of the composition of the atmospher at high altitudes [16]. 1 he 
same issue of the p riodical,[lspekhi fizic he slrikh nauk, contains 
an articl by Mirtov and lstomin which des ribes he operating principle 
of the B nnett r-f mass spectrometer and ref rs to it as an instrument 
that should enabl scientists to obtain roe k t data on th composition of 
the upper atmos pher [17 l. All the r f r nc s of this articl are West­
ern, and as it is frequently referred ob lat r articles, it can b con­
side r , d one of the initial definite proposals o use the Bennett 1nass 
spectroscope in o•liet g ophysic 1 rocket and satellit res ar h. A 
proposal to d velop sat llite-borne ex perim ents using the r-f mass spec­
trometer was advanced. A 7 /5-cyclc, 3-stag system was fa ored in 
t his artic le. This system was late r d veloped by Istomin, the most 
prolific Soviet r s archer in .he fi ld , to becom e the devic kno n as 
the RMS- 1 [17] . Soviet experim ental work began in 1957 with this xperi­
m nt. The chief personalities associat d with upper atmosphere >xperi ­
menta l studies are Istomin and Pokhunkov, the first concentrating on the 
in estigation of ionized components , the second dealing mostly with neu­
tral components. Theoretical treatm nt is carried on intensively by 
Danilin of the Institute of Applied Phys ics (Institut prikla.clnoy fiziki), 
Academy of Sci nces USSR. 

- 10 -
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l. ST DIES F 'I Hg IONIZED 'OMPON TS 
OF HE l PEl ATMOSPHER I:-

a. The Rocket Experim nts of 1957-1959 

From 1957 to 1959, four exp riments were conduct ed in the Soviet 
Union to determine th e mass spectra of positive ions at altitudes ranging 
from 90 to 210 km by means of r-f mass spectromet rs. l stomin pre-
s nted a report on th e activities of this peri od in 196118], The launchings 
requi red for the rocket xperiments took place on 9 September 195 7; 
2 and 13 August 1958; and 22 Ju.ly 1959 [8]. 

In each experiment, the mass spectrometer was installed in a cylin­
drical container which was s parated from the rocket during the as ent 
phase, thus insuring the maximum possib le freedom from contamination 
of the exp· ri.ment by th roe ket. Mass spectra and some control param­
eters were transmitted to the earth by a multichannel, high-precision 
radio telemetry syst m. Th container was not oriented in any particu­
lar direction during flight. The launchings took place in the 11 middl 
latitude ... of the European part of the Soviet Union. " 

The three experiments in 1957-1958 used a 7 /5-cycle r-f mass spec­
trometer of the RMS-1 (Benn t.t) type, which was tun d in the laboratory 
to a r solving power of about 20 for neon isotop~ peaks at mass numbers 
20 and 22. The isotopes were sealed in the analyzer tube for· purposes 
of calibration [ 8] . 

J.stomi.n considered the data obtained from the evening launching of 
9 September 1957 to be o little value because of the high noise level and 
the small number of spectra obtained. Therefore, thes e data were not 
sufficient to establish the nature of the difference between day and evening 
conditions i.n t he ionosphere [3'1]. 

In the launching of 1959, an MKh-6401 type mass spectrometer was 
used, with the same calibration procedure as in the prec eding three 
launchings. The mass numb rs were determined from ion curr nt graphs 
obtained du.ring flight by means of comparisons with calibration graphs 
of a known gas mixtur sealed in the analyzer. 1 he final calibration and 
che cking procedures w re carr ied out in flight, before the separation of 
the ion source and opening the tube intake at about 90 km altitude for 
admission of atmosph ri c gases (8, 10]. 

In all ex.periments o this period, the mass spectrometer analyzer 
was installed in a recess in t:he· cylindrical surface of the container in 
such a manner that the first gdd of the device was posi.tioned approxi-
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ma · ly at the surfm' t>. Ttns grid ,.1,•r1s kept nt a 11(•gc liven ti·, <'ling pot "n ­
ti:d of - 50 v lts in th •• ll 1S - 1 and at -4:3 volts in the MKh-64 l. Th 
attracting pot •ntiaJ .,,,.,as appli ·•din order to increase the s •nsitivit.y of 
th spectromc er ::ind also to prevent possible closing of th device if 
th ontain r pick d up a positiv charg . Und r th conditions of the 
rocket t:xpet'iment. differenc s in the sensitivity of th ·• device to ions 
of various masses could not be significant. As the velocity of the con­
tainer was on th ord r of one kilomet r per second, the :.n r ry of ions 
with mass mmb -rs 16 and 30 was about 0. 08 and 0. 16 el ctron volts, 
respectively. Tbe th ,rmal energy of the ions nt a tempera tu:· of approx­
imately 1000° K was also on the ord r of 0. 1 electron volts !Bl. 

nder these conditions, the relatively strong att1·acting fi ld con­
trolled ions of various masses in approximat "'ly the same way, without 
inlroduc ing a ny strong discrimination. This r,. asoning was supported 
by th data obtained I 8]. 

Although all four xperiments were conducted at di ff rent times ,, 
under different circumstances ., and , ith mass spectromet rs differing 
in somE: details, they still yielded id entica l conclusions in regard to the 
composition of th ionosphere. At altitudes of 100 to 200 km , the three 
main components were found to be positive ions with mass numb :)rs 30, 
32, and 16, which wer · associated wi.th nitrogen oxide f O + ) , molecular 
oxygen (O; ), and atomic oxygen (O"'). In addition to thes main com-
po ents, th altitud variation of which further confirms th ir identifi­
cation, ions ith oth r mass numbers were a.lso regist red which were 
associated with such atmospheric components as ions with mass number 
28 (mo lecular ni rag n N; ), and mass number 14 (atomic nitrogen + ) , 

as well as the mass number 18 of wat r (H 2O ~-). The last as not posi­
tively identifi d. Id entification of th se ions as true atmospheric com-

+ 
ponents was not fully proved, especially in the case of H 2 0 . o hy-
drogen and h lium ions were obser ed at altitudes of 100 to 200 km [8]. 

Peaks with mass numbers 47. 45, 31, and 19 made up a thir l group 
obtained chiefl. during the d scending phase of the trajectory of th 
Cl .tain r. Thes · ions were identifi d as impurities in rodu ced by th 
roe Ket. 

b. T rn Experim nts with Sl?utnik lII 

In th meantim , the third Soviet Sputnik ·was launch d in May 1958. 
Istomin, who wa ~ awarded a Doctor ' s dcgr e in 1961 for his r~f s p ctrom­
eter studies of th· ionosph :.r , r port ed th results obtained by Sputnik lII 
in 1960 ["']. This sat ~nue carri d a RMS-1 typ r-f mass spec trom eter. 

- 12 -
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The dcvicP opcrut-,d froff1 l\1lny 15 lo M y 25 lf)50, du1,·in1J winch timr, 
., bout 15 , 000 m ass s pPc t:1·11 wt, . . obt. i 1 ... d « t a It i ttHles rnnging from 
225 to 980 km. l easui emcnts wcr ·, onductcd nly in th . north rn 
h misph re-, within n rang,. of 27 to 65° north latitud e :1nrl only durin1:: 
the day, mni nly 1 tw t•n 7 and 11 a. rr,. · oscow Un £'. 

Mass spectre obl:JLtrnd by the devic showed harmonic fals peaks 
· s w 11 as tru} mass pPaks, thui::; adding o the diffi culty of id •nl ifi cn·, 
t ion of compon0ntR. These h rmoni peaks we r prC' s nt b0l'ause the 

ff c l i vc dee cle rating pol ntial of th sp -c ·ometer , ns reducul grcn tly 
for lNo reasons. irs , nll atmosph ri ions had a dir"'ct d v loci1y 
~qua.l to th v lo ity of the sat llit ~ in addition to their th rmal vel city. 
Due lo lhiB factor, th d · leratir1:.g pol niial of the instrum nt was 
le w . rf!d by cliff · rPnt values for ions of differ nl masses, th diff .1 •nee 
b ing , qua) to n . t'gi s express -d in lee ron volts. ln additi n, an 
analysis of the sp tru showed that th Sputnik had a negati • pol .. nt.ial 
of s •'\ieral volts, which .likewise led to additiona l lowering of th eff •c-
i ve dee •leraling potential by a value that was equal for all atmospheric 

ions {7]. 

The effceliv d cele1~ating pot ,)ntial, which was lower d for tlwse 
two r .asons, increased the sensitivity of the sp ctromet r scv ,raHold, 
mor, for heavy ions than for light ions. How ver, mass r solution 
was correspondingly degraded to about on -half the p"'rformance e;ho\rn 
by the devic during cali bration i n the laboratory. The mass numbers 
of all p aks i.n th e sp tra were shifted on the m.ain scale of th devic ~ 
towa.1~d light mass es due to the velocity of the Sputnik and to its negative 

harge, as was exp cted [17]. 

Ser aratic n of th _ main and harmoni p aks in the spectra wns 
ac omplished by omparison of th -:•1r amplitudes and by b nn ur · of 
their variation with altitude and ori ntatio n of the sate llit . The pos i ~ 
ions of th , harmoni s in the spectre of the d vie wcr<-• d rmilPd 

previously in hborat ry exp rim "nts. An additional crit rion, hich 
indi at d that th main harmonic peaks had been identifi -. d cot·r •ct.ly 
was the fa.ct that th relative widths of harmonics wer less than tl1ose 
of the main p ,aks. Th Ls was also born out in laboratory · xp rjrnent~ 
[7 ] . 

After a corr tion for the velocity of the Sputnik was in -rodu ,, ~d, 
th mass nu,mb :rs of those pea.ks tak n 4.o bE~ the 11 tru - 11 p aks dHf , re I 
from thei,r int \grc; 1 values by a fraction fan atomic mass unit. This 
di fferenc • was ssocinted with th - n gati v harg · of the Sputnik . Thus, 
for $,nstn.n e, fo t o days, 22 and 24 May, the dHferen . w s 0. :1 and 
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0. 5 mass unils, !'PSI pr•Uv,,Jy. Tak1n1~ ac, ,m1rJ: of lhv 7.2 v/arnu 
co nstant, ( the dPvicP, IIH• w igcitivP pc,tP11ial nf th• S (\itn ik V,718 < L2and 
- :!. > volts ·: nrding In tlwsc- ci .. tu 171. 

All sp<'c lrn nnt~dnf•cl a vrry lar1~c• pPak, tll mass numlwr- nf v,: hi ·h . 
aftc> 1 corr0 1i ng for t!w Sputnik's velocity, came ,· los 10 1 >. For 1h18 
1·eason, th<' peak was ide ntified as due o a tomic o ·yg<>n o•· [71. 

Th p Pak w: ,~:-- h was s ·ond in i ntensity, , s lhal r·oted at masR 
numb r 14. It was cons iderpd most likely that this peak w as c1ssocin tPd 
with atomic nitrogen N'". P aks with mass numb rs 12 and 10.5, ~r 
id entifi d as harm onics corr sponding top aks 16 and 14 [7] . 

•xt to peak 16 in the directi n of inc r asing mass th ~re was a Pr, 
w ak but cl arly discernibl p ak in most spe tra at mass number HI. 
This peak was no t a harmonic of any of the pres nt main peaks, and its 
appearance couJd be explain d only by the pr esenc of the corresponding 
ioniz d molecul s or atoms in th atmosphere. Th " S ions were tenta­
tively identified as either water ions {H 2O•), or ammonium ( H:). Th ·, 
pres nee of .hese io ns was considered to be an indir ct indica ion of 
consi.derablc quantities of neutra l or ionized hydrog n in t he upper a tm s­
ph - re. Ho v ver, it was held ven more likely tha he peak at mass 18 
could be att ributed to an isotop of oxygen (atomi m " ::s number 18), th 
relative conl nt of which was O. 2 perc ent [71. 

ln addi ion to the group of p aks at mass numb rs 18, 16, and 14, 
th er e was a distinct group of pPaks at mass numbers 32, :rn, and 28 
which we r e also id nlified as tru peaks . Most int ns • among th ~s 
was a p ak at mass numb r ao, which was iden ifi d as due to nitrogt•n 
oxid ( • ) 17 l. 

P aks t ma ss numb ers 32 and 28 w -re attribut d to mol c- ular 
oxyg n (0 ;) and molecular nitrog n (N ;). In spit - of th ·! fact that th ,-,s ~ 
peaks w re not fuJiy r ·solv d and th ,, xtrem e peaks , ,specially those 
at mass number 32, wer ,:. oft n fused with the middl p ak at 30, thei r 
pres n in tbe spectra v as b y no doubt. All oth r p aks in th e spectra 
w r id ntified as harmoni c fals peaks. Thus , a group of three peaks, 
among which th most int ns was the p ak at mass number 22.5, was 
d t ermined to be compos ed f harmonics of peaks at 32, ,,30, and 28. 
P · aks t m ss numb rs 40 and 3 were det rmined to b ha:rmoni s of 
peaks at 28 and 30 [7 J. 

D L rmining r lati.ve c n n:trations of ions from th peaks of U 
ma s sp c trum was quite diffi ult du ,, to a numb r of il cumstan ~s , n , 
of whi h as th s pnration of i ns of diff \r nl mass es in th ~ fit ld of 
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the Sputnik itself, which occurr d wh n th body of the satellite was 
not at th sam potential as unp rturb d plasma. The presence of an 
attracting field created by the first grids of the mass spectrometer 
tube led to additional ion separation . Final1y. ions of different masses 
were in different states in the analyzer il:s if due to the varying initial 
energy with which they · nte1~ ed the analyzer. These differences varied 
by a factor of two for ions with mass numbers 16 and 30 . Therefore, 
the deceleration of thes ions wa s also different and the ratio of peak 
intensities was not equal to the ratio of concentrations of corresponding 
ions at th input to the analyzer. However, this mass s =- paration, 
whatev r its cause, was great for only those ions whose masses differ d 
significantly frorn eac.:h other, and was small for ions of similar mass. 
Thus, som quantilativ conclusi~rns could b reach d [7]. 

Absolute as well as r·elative int nsiti es of mass peaks in the s p · c­
tra show d considerable variation in time . As conditions in the device 
wer · controlled and remain >cl unchanged throughout the xperim nt, 
varlaitions in the spectra were attributed to such factors as: a) changes 
in the orientation of the input orifice of the analyz r with respect to the 
direc .i.on of flight of the rotating Sputnik, b) vaz·iations of t0 coordinates 
of the Sputnik's position, that is, the altitude, geographic latitude, and 
longitude, and (') variations of xternal conditions influencing ionization 
of the atmosphere (71. 

The results of measurem nts obtained at altitudes from 225 to 
980 km confi ·med the predom inane of O* in this r -gio n. At the sam • 
time, th r lative (with respect to O • ions ) content of heavy molecular 
ions o+ , 0 2, and N2 decr eased nnd that of the light ion N+ incrP.ased 
with nltitud [4, 7 J , nlike the altitude depend •nc of co mposition 
(which could not be established with the desir d degr e of r -liability due 
to sirnultan ous chang of latilud ), tht variation of composition with 
latitud could b det :, rmined ith som ce r ainty . The relative content 
of atomic nitrogen ions at altitudes of 225 to 350 km incr ased consider­
ably in passing from lh region of 30-50° north latitude to that of 55- 65°. 
Although in muc:h less pronounc -d form, Lh sam thing appar•d to be 
the case at altHudes of 450 to 980 km. The relative content of molecular 
nitrog ~n ions, mol >c ular oxygen ions , and nitrog n oxide ions is also 
considerably gr · at ~r in the 55- 65° north latitud · r gion than at lower 
latitud )s [71 . 

c . The Rocket Exp riment of 15 a .d 16 .June 19c-l0 

An additiona l experime nt to d • t rmin - the ionic ·om position of the 
atmosph r was carried ut (a s d s ri.bed by Iatomin in 1961 (9, 10]) on 
15 June 1960 b a rocket whi h art i d !ox· the first time an improved r~f 



rnass spcctrome er of the MKh~640:3 type. This device diff r d from 
the former instruments in its greater sensitivity and som :.:.what srnall r 
dimensions and weight (see Fig. 9, .D vie es) (10]. The launching took 
el.ace during the morning hours (the solar elevation at launching tim 
was 15°) in the middle latitudes of the European part of the USSR. 

The great sensitivity of the MKh-6403 permitted registration of 
ionic components present in comparatively small cone ntrations in 
addition to registration of the main components of th ionosph r , that 
is, 0 •, o; and O"". Istomin determ ined sor e of those ions to be of 

"' ext rat rr strial origin [12, 10]. 

The launching of 15 June 1960 also registered ions with mass 
nu ibers 11 (B +) and 12 (C • ). At an altitud of 200 km, their cone n-
rations wer about 3 x 10 3 and 3 x 102 per cubic centimeter. Ions with 

th se mass numbers had not be n found previousl' in th atmospher . 
The nature of the variations in amplitude of the mass peaks of th se ions 
shows that they co ld not be attributed to impurities introduced by th 
rock t, nor could they be attributed to impurities intr-oduced by th con­
tainer [9). 

Jons with mass number 18 (H 
2
0 •) were recorded during this fligh 

as in the previous 1959 flight, th11s corifirmilng the tentative conclusion 
that these ions were ind ed H

2
O • ions. Their origin, howe ver, remained 

uncl ar as they could not be positive ly identi fied as atmospheric compo-
n• nts [9]. 

The launching of 15 June 1960 also register d magnesium ions 
( lg) [10] . This observation, together with so·m e others referred to 
above, l d Istomin to assume ext:r-aterrestrial origin of some of th 
observed components discussed in an article published in 1961 [10]. 

Over 100 spectra, five of which contained peaks with mas s numb rs 
24 and 26, wer e obtained at altitudes of 92 to 206 kilomet~rs. Thre of 
those fiv spectra were obtained in the ascending phase of the trajectory 
and two during the desc nding phase. These peaks, th maximum ampli­
tlldes of which were regist · red at 103. 5 and 105 kilom t-ers durir,g the 
asc nding and descending phas s , respectively, w r i.dentifi.ed as caus d 
by magn sium 24 and magnesium 26 isotopes . Comparis'on of the a.ltitud s 
of the two peaks yields a ratio of intensities equal to 9. 3, whi.ch is clos 
to the theoretical value of 7 based on the distribution of these two isotopes 
in nature. On the basis of el ctron concentration data and mass sp ctrom-
ter data, the absolute con c en tr at ion _o·f iVlg~ w a ·s def e r :m fn d to 

be 1. 36 x 104 cm-, at altitudes of 103 to 105 km [10] . 
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On of th<> spectra obtain d during the asccndi g phas at an 
altitude of 10:3.5 km shov,.1u an ion p ak at mass numb r 40, identified 
as du to th presenc of ca•. This is confirmed by the pr •s nee of 
ionized calcium lin s in the 1 umin scence of th · ev ning sky [101. 

Anoth r observation in this onnec tion is discuss d by Istomin. 
At least t"1. o spectra obtained in the asc nding as w -11 as descending 
phase at altitudes corr spending to those at which the magn sium ions 
app ar d showed xtraor-clinarily high p aks at mass numb r 56. Although 
the mass number 56 was the limit of the spectrom t r range, and an 
ion curr nt peak at this point \v"as a known characteristic f the instrum nt, 
the magnitude of the obs 0 rved peaks 1 "ft no doubt that it was associated 
wi h som atmospheric componeHt. This compon nt was id ntified as 
Fe• [36}. A careful check, ith arlier data rev aled that, for instance, 
similar {mass number 56) p aks wer record ed previously in the 2 August 
1958 launching, in that case by means of a sp c rometer with a range up 
to mass number 62. sing th results of lectron concentration measure-
rn ents of the same launching, researchers calculated the concentration 
of Fei ions to b . 1. 2 x ld~ m- . On of the sp ctra obtained during the 
15 June launching showed a p a.k at mass numb · :r 28 at an altitude of 
100 kilometers. A similar p ak was discovered on r ·aminaticn of the 
2 August 1958 launching. The maximum cone ntration of these ions was 
estimated at 7 .5 x 10 cm-~. They were tentatively iden i ied as Si+ ions, 
which is consistent with the discovery of magnesium, calcium, and iron 
ions in the sam altitude range. The pr s . nee of these ions at sue 1 alti­
tudes is attributed to stony met orites . It is conclud d from this that 
meteorit s play a signific<.1nt part in the ioni.zation of the E region of t h 
atmosph r l9]. 

Th inf0rmation concerning th - genuine! · at ospheric ompon · nts 
collect d during the 15 Jun 1960 launching and hat of hey · ar b fore 
(22 July 195fJ) ser d Istomin as a basis for a m thod of deterrnining h 
absolut ion cone ntrations from the data on r ~lativ concentrations. 
using th l ctron concentrati n data olJ ct d simul an ously with ionic 
data during th sam laun hings [34 J. H should b noted h )r that meas­
urem nts f lectron c n n ration are onsider -d by Istomin as an ad­
vantag of most of th · Sovi t launchings over th analogous American 
· xp rim nts 19). A formula is giv n for thes ~ calcula ions which is 
corr ct und r the following assumptions: 1) the sum of positive ion con-
centra ions ia qual t th 1 ct.ron cone )ntration; 2) th sum of th ion 
p,eak am plitud · S is proportional to the total concentration of positive ions; 
3) th ratio of ion peak amplitud sin th sp ct:rum is qual to th corr -
sponding ion concentrations. T ', absolute con ·entration data thus derived 
from. both 1 unc hings are gi .n in two tabl s [9]. 
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d. The Rocket Experiment of 15 November 1961 

This was the first experiment arranged for simultaneously 
m asuring both the ionized and the neutral components of he atmos­
phere and it was also th first to extend th altitudes beyond those of 
previous rocket experiments. The site was 1.he "middle latitudes of 
the Soviet nion" and the ime- 1600 hours local time [26). Th 
experiment of 15 November was also the first to yield direct measur-e­
ments of light gases (1 to 4 am u ) at altitud s exce .ding 210 km [26, 
27) . 

A large g ophysical rocket which reached an altitude of 430 k1n 
carried an r-f spectrom t r of th·e same general type as that us d in 
he 1959 experiments (20, 4], but with considerably increased s nsi-

ti vi ty (tenfold) and a change in the design of the ion sou re aimed at 
bet er transparency for incoming neutral particles. The charact ris­
ti s p-•rtaining to the ion source of the devic • appear, however, o have 
more in common vdth those of the MKh- 6403 and Kh-6405 typ s as 
described in the section on devices [20, 21]. 

In the experiment desc1~ibed, the analyzer of the mass spectrom­
eter was installed in th body of the rocket, und r the protective cone 
and parallel to the axis of the roe ke . The prot cti ve con was jected 
at an altitude of about 100 km on command of a programming device. 
At this time, the glass bulb was separa· ed from the m "tallic inlet tube 
by means of a flexibl cab]· attach· d to th protective nose con · , thus 
op ning the analyz r. ass spectrograms of gases ,.,ere transmitt d 
to the arth by means of a telem l ring s stem [26 J. 

During the ascending and des,:: 'nding phases of the trajectory, 
the axis of the spectromet r was h le:.! ah s s ric ly parallel to th 
v locity vector. On one hand, this condi ·i n simplified calculations 
of the concentrations of atmospheric par·ticles wh n translational 
motions of th analyzer in the ascending phas w te taken into ac 'Ount; 
on the other hand it did not allow data to be obtained on the spectra of 
atmospheric gases in th molecular shadow in tl e desc nding phas 
when the container moved at v .,J.ocities exceeL,ing th thermal velocity 
of atmospheric particLs (:t6]. ,. 

ln the launching of 15 November, 85 sp c tra of ionized as well 
s n utra l gases of th atrnosphet~e wer r c ord d. A 11 spectra up to 

th 400 km al.ti ud were obtained with co nstan (z ~ro angle of att ck) 
ori ntation of the analyz r intake. 
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T1,e results in r -•spect o the neutral components ,vere discussed 
in mor d tail by Pokhunkov in [26], and are treated separately in th 
corresponding sect ion of this report. In this section, only the ionized 
components within the l:H>-430 kilometer altitude ~ange are di.scussed. 

The identification of peaks caused by atmospheric components, 
as opposed to t}1os e due to gases liberated from th e sur-face of the 
rocket, was based on the fact that the cone ntration of the latter is a 
function of time only, but th concentrat· n of atmosphe ·ic gases depends 
on altitud . The separation of ioni peak from those of neutral gases 
~ as acc0m plishecl through utilizing peculiariti s of the altitude d istri-
bution of eac h typf; of parti cl and peak splitting at the same mass . 
The latter was ascrib ed to th , pr-.es enc e of a c rtain negative potentia l 
of the rocket body which conveye d additional nergy to outside ions, as 
opposed to originally neutral particles that b cam e ionized in the ion 
sourc:e . This splittinfJ of peaks eached a m agnitude of 0. 5 amu, 
corr "'Spending to a potential of the .rocket body of about -3. 5 volts [ 27, 26] . 

Analysis of the obtained data tsolated N+, O •, O+, and o; ions 
as the main compouents of the atmosphere, thus confir-ming the results 
of arlier work. liowever, the b ha vior of O; with respect to quantity 
and to altitude depende nce proved difficult to identify owing to the presE.nce 
of neutral 02. The separation o .f . 2 was impossib le r.lu to the presenc 
of th e heavy background of th e same ions er eat d in th ion sour-ce. The 
results arP pres e nted in th graph of Fig . 13b. 

The bsolut e cone ent at ions of individual species of ions at 
various altitudes were obtained by comparing the total jon current 
from all ions with the absolut con· ntration of electrons {as given by 
Gdalevich and others [31 for th same exp~rim nt). The r ~sults a re 
compiled 'in the table below [27) : 

h,1..11 1170 11()() :w, '.:! 'iO :.!71J 1:11 ' 1:111/) :no I ',rn1 !1:lll 
1(1 1 f.11-~ 7, '.!. 17 I us I 

11 "o' /1() 57 I , ., I •I. 11) 10.H •l- _,, 
[ lfc+J, 10 c 11-~ 0.17 U. :1 0~ 7 
[ . f I, HJI p,-~ o.a ()_;, 0,71 0,7 o. (n () . (I 0. 1.1 

10·1 J. l{Jl C,11• :1 L7 f}.8 2ll .H 58 51 •'.O , 7 2L 3 18 , :i? 1a .1 n,s 
JSO • J, U) 1 c.,i-1 I ') G,S fi , 3 5,i:! 'I '1 0 (j --"il · -

;:; I ..:. I --(OJ-+ ], 101 r,11- 3 1. :1 ~3 ,. /~ ~. 1 3,\l 
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e . Th - Hocket Exp riment of J8 Octob r 1962 

This )xperiment, according to Istomin [13 l, was carri. d out 
with a geophysical rock t in daytim with a sun 1 vation of 30° at 
th omcnt of launching. Th locality of the launch was not identi-
fied. The MKh-6403 type mass spectrometer was contained in a 
spherical container of th "high-altitud automatic stiltion" designated 
as VGAS. Th e spectrometer is said to bave been mounted in a 11 pole 11 

of the sphere. The altitude range cov red was frcm 150 to 508 km, in 
both asc nding and descending phases . The container was oriented so 
that the analyz r intake had a 7.,ero angle of attack during the asc nding 
phase of the trajectory. During the desc - nding phase, the intake was 
in th region of molecular shaclo,\I, where the number of particles 
tak n in dep nds on th ratio of the contain· r velocity and the particle 
thermal velocitJ. Th ratio of ion currents noted at th same altitude 
of ascending and desc nding phases may s •. rve as a basis for determin­
ing particle velociti s and the temperatures of ionic components . The 
author pres nted an xample of ::1. possibl analysis of this problem, 
leaning on WhipplE: (,J. Proc. 1.R . E., 47, no. 11, 1959, 2023) ~nd 
applying th theory to th data obtair,ed in the xperiment. Ion current 
peaks corresponding to mass numbers 16, 18, 30, a nd 3 2, identified 
as thos of o•, H 20+, 0 +, and O 2, respectively , wer recorded duri ng 
both scending and desc nding phases. rl he c haract r of the recordings 
can b e briefly described as follows [ 13 ] . 

H;;p+ p aks wer obs · rved throughout flight. 1 heir amplitude, 
in g n ra1, deer a.sec! monotonically, but showed w .ak maxima at th 
b ginning and at th nd of th - record, al appr·oximat ly the sam alti-
tud (200 to 250 km ) and corr 'Sponcling in time to the maxima of O + 

p aks . These peaks wer as 'ribed o the d sorption of water from the 
ontain r surface and subs · qu .nt ionization in charg ·xchang w ith 

atmosph )ric ions of atomi oxygen [ 13 l. 

Theo; p •aks app a ing at th• very b ginning of t.h sp trome - r 
r cord (altitude 150 km ) decreas cl monotically up to 300-km altitud , 
aft r· wh 'ch the record became irregular. This was ascrib • d to ioniza­
tion o f molecular oxyg n lib rated by the rock ·•t in charge exchange 
with atmos ph ri o+· ions [ 1:3.]· " 

o• p )aks w r r·ecord )d cl •arly in th ascendi ng phase (alti· 
tud s 150 to 300 km ), th y w r) d finit ly missing a t higher altitud -s , 
th n app •a r·ed agai n in the desc · ndi ng phos below 250-km altitude, with . 
much weaker peaks . 'I h • ion cut'r nt ratio at th 160- km altitud was 
15, , h ic h agr s fail: ly w .. ~11 wi th ideas eonc r ning the t m peratur o f 
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NO "' ions at that altitude (1000 to 1500r' K) [13]. 

Th Q+ ions, un lik thos of NO '\ w ::ir.•e r ord d with nearly 
equal int nsity during bolh ascending and descending phases of the 
trajectory, d1ich m . c ns that th - , ffcct of the mol cular shadow was 
r .lativ ly w 9.k in his as . Th .) ratio of ion currents in the ascend­
ing and desc nding phases varied b ·. tween 1. 6 and 2. In vi w of the 
container velocity of 2. 25 x 10 5 cm/ s c, the thermal velocities of O-+, 
or their temperatures must have been of a high order 113 ] . 

Howev r, the cons id rabl, differ nee noted in o+ and O"' peak 
amplitudes in the asc -riding and descending phases can hardly b"' ex­
plained b th -' rath r slight diffeh?ncc in th ir th rmal velociti s 
(1.2. 10Sand0.9xlQ5 cm/s c , resp'clively). Tlv~ph nomenonmay 
be caused by factors not accounted for in the analysis, such as: l) 
deviation of the container pot ntial from zero, 2) the negative potential 
of 45 volts applied to th first grid of th analyzer, and 3) failure of a 
numb r of ions to reach the collector aft - r passing th first grid. 

In conclusion, Istomin questions the general ass urnpt ion of 
existenc - of th rmodynamic -quilibrium in the atmospher ., that is, 
Maxwellian distribution of par icle velocities or h temp rature equality 
of all components. Ionization m cha nisms may convey diff r nt e nergies 
to resulting ions. Th ffect of photoionization, howev -•r, is consid ,red 
negligible, sin ·e th ncrgy produc d is carri -d away h i fly by elec-
trons . In vi w of th r sults o this and other -xp riments, th exist nc 
in the a .mos ph · r · of o• ions w i h · 11..;.rgies · xce ding t he thermal, appears 
to be an s ta blished fact 113 l . 
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2. STUDIES OF THI~ NEU HAL, OMPONENTS 
OF THE PPER ATMOSPHERE 

According to Pokhunkov, experiments ford t rmining the neu -
tral 'omposilion of the atmosphere abov • 100 km altitude have been 
carrjed on in the l.lSS [{ since 1958 [22, 23]. This applies to mass­
spectrom tri inv"'stigations by rockets and sat llit .. s; balloons and 
probes are known to have b en used much earli -r in studies of low r 
altitud s. The initial rock t and satellite launchings in 1958 im,olva:l use of the 

arty Rl\i[S-1 Benn tt-typ , r-f mass spectrom t r anJ the more signif­
icant developments began only ,1,dth th ·• lau 1chings of July 1959 in which 
the impro ed MKh-6401 Lyp spectromet r (see Fig. 5 ) 12:3 I was us cl. 

a. 

Two rocket lau nchings took p]a ·e in .July 19:">9 the first occurring 
at 2

1h. hours aft - r sunr i e and th second at su nr is ·"". On each occa·· 
sion, th recoverabl:. ont. iner with the mass spectr-om ter was sep­
arat cl from th rock · t at a high alt itu de , so that tbe m "8!:mre1nents were 
mad at a distanc" of s v J·al hund t.·cds of m =-ters fr om the ro<;:ket. 'Th 
analyzer was i.nstall "d in a r • ces s p •' rpendicu1ar to the cy line! deal sur­
fa' of the conta in ~r [2 3] . 

Th e ion sour ·e of ihe sp ·•ctrometer was supp.lied with an ionizing 
oltage of 36 volts from he lectronics unit. The grid of th ion source 

was cover ·cl on the input sid · by an opaqu .. m talJic scr e.n which aid d 
in the formation of a spa: charge and in focusing the elec tron curr nt. 
Th input tube v,ras s ·:•aled into a giass bulb containing anatomiz ed g -tt r 
layer on th inside . Th sp . ·tt·om ·ter was launch:>c:I, ith a seal .d na­
l_yzer filled to a pr "Ssur of l x 10-5 mm Hg by a known mixture o f gases. 
Th •s" gas es (H2 , .He, e, Ar) served to 'ont.rol j ~ operation of the 
d vice and to fc.cUitat) alibration of rnass sp c tra [ 23J . 

A ftcz· the contain r was s ;:, pa rated from the rocl< t, th ion sou re -
Wils turned on by a programming signal, ·1nd co ntro l spect:r-a er 
r gist r ~d. Then th e analyz r was opened by a device which brok th 
bulb. In l to 11/2 seconds , the gases initially in the a na.lyz .. r w •• r , 
for ll int "nts and purpos ,s, fully rtplac d and the m ass spectrom t r 
b gan ·1nalyzing atmospheric gases [2:3 ] . 

During f1• · e fli.ght o f the contai n r, data on mass, sp•~ctra wer 
tr nsmitt d o the e •. rth by m eans of a. t -len1 try system.. In th•~ first 
experim · nt, this sys ·~m was doubl · -chee k id b 1· -•cording wi.tb a loo p 
osc i.llogra.1.h. 'When th I >op scillc gr .. ph as us cl for recoz·din.g, th 
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sensitivity of th · 1;,p ctrornctcr was several imes gr 'ater than in 
tel m ctric recording, ,,vhic h in pa rt led 1.o the di scovcry of a \ eak 
peak due to } .. 1; that was not detected in the t •lcmetric recording 123]. 

Sev ral lens of spectra wer . obtained in th -• asc ncling and de­
scending phases of both XJPriments, within altitude ranges from 98 
to 203 kilomet .rs for the first launching and 94 to 211 kilometers for 
the second launching [231. 

The first exp rim ent r •gist ~red the following mass numbers: 1, 
2, 14, W, 17, .18, 28, 32, 40, 44. These were identified as H1 , H2 , N1, 

0 1 , H, H20 ., N2 , 0 2 , Ar, ·02 and · 20, respectively. CO2 and 20 
ere regist er ::.d , in accordance w i ·h their romrnon mass number, at 

the same peak. 

in the second expcrit.i 'lll , the ••fficicncy of the ion sou re C? was 
much lower (1/o to 1/8), and the device was correspondingly less s·~n­
sitiv . This ·•xperiment registered mass peaks at the follmving mass 
numbers: 14, 16 ., 18, 28 32, 40,and 44. l'he identification pro edure 
\'li'as analogous to that employed in the first experim nt. The nature of 
th . variation of ion currents with tim •! made it possible to divide th 
gases regist ~red i.n both experiments into two groups, ach of which 
contained gas· s of similar nature. In the group tha l indnded H .P, OB, 
H 2, and H) in the first exp riment and H :;P in ·h second, th variation 
in ion currents \1vith time showed a monotonic cl crease. Th •• group in-
cluding · 1, 0 1 , 2 , 0 2, Ar, 0 2, and N

2 
in both experim ents was 

cbara 'terized by variations of ion ·ur-.r nts sho\ ing a cl cr-cas with 
altitud and p . ·iudic ity, ith time [2:iJ. 

Pokhtmkov proc .. eded furth •r \IV i. h a rath r clctai led des -ri pt ion 
of he results by analyzing 'i:he harac · •r of a Hit udc and ti m '~ depend­
ences of both groups of compon •nts. Without d •lving into the d ·•tai:.ed 
data h ir•, two results may be m .n ioncd \1•.i'h ich may servC'' to clarify 
certain more obscur • problems. First, th ~· pr !sen ·e of neu tral helium 
w i h in th inv ·•s tiga •d altitude rnng •' was not confirm eel, " least not 

ithin t h ·' lim its of sensitivity of th• ins rum n s (l x .lQd particles/--m3) 
12·3 l . Second, th' gravitatior1al s paration of Ar and N~, as int •rpr ed 
from th ratio of th· ir ion cu:rt·ents, wbich cl •Cr ·•ases ~onotonically 
with altitud •• , appears lo tak . pla c , at a lti tud es abov" 100 km, th • l vel 
of s paration I emnining unc •rtain due to the scarcity f m asurem •' nts 
near th 100 km altitude 123]. 'lhird, these expedments fai.lecl to yield 
reliable data ford t ··rmining h I cone .. •ntration of atomic oxygen and, 
th · refore, the n1can mol cu.lar w ~ight of the air ithin th e aHitude range 
c<:>v .r d. 11h is prob.) .. rn \ as at a· k • d more than a y ar later, in S ,~pt• m -
b · r· of 1960. 



b. The 23 September 1960 Experiment 

The launchjng took place ut 0056 houl's local ime in the "middle 
latitud s of he USSR. 11 Both th m thodology and the ass sp ctrom -
ter used wer jmprov cl [24, 25 I, Th mass sp ctrom ter was a 

"version of th I Kh-640 l , 11 idcn ified in a later article [ 29 I as the 
MKh-6403, a lat r variant of th - MKh-6401. The analyzer of the mass 
spectromet .~r ·was r d sign d to minimize decreases in the concentra­
tion of atomic oxyg =-n du to r co mbination at th input of the ion source. 
'I his was accomplished by reducing th l ngth of the inpu manifold as 
much as possible and incr asing its diameter (see Fig. 10) 12 ] . 

Th mass spectrom t r was i nstalled in h onlainer in such a 
manner that it could swing out at a 45° angle o h · body of the contain­
er. Spectra from th calibration mL · ur were recorded for 20 seconds 
prior to op ning of the analyz r l 24 J. 

In this launching 50 mass sp tra w r obtained during the ascent 
and 51 during the desc€.'rit of the contain r, over an altitude range of 
100 to 210 km. Th data obtained \! r us d to calculate re1ative con­
centrations of the main com pon nts of th atmosph re and th i.r varia­
tion with altitude, the m ar molecular weight of · h · atmosph re, th 
gravitational separation of g -ses ., and th" kinds and amounts of impuri­
ties [24]. 

Comparison of th .:. results obtained in ]959 wi b those of his 
experiment shows that h r lative concentra ion of atomi oxyg n at 
all alti udes, as m easu r d by the n w analyzer, was approxi.m tely 
four times greater than th corresponding measur :.ments obtain d with 
the old a nalyzer. T h differe nce in concentrations shown by th 1959 
and 1960 da a was consid r .~d to be du · eitlPr o a di.ff r r:c e in the 
effici ncy of registration of the t, o analyz rs or to seasonal variations., 
or, perhaps _, to a combination of th •s .) two fa tors. S asonal var i ation, 
how ev · r, 1,, as c onsid red to be th • smaller of the two fa c tors . An 

mpirical corr c ion factor of 1. 75 was obtajn d for conversion of th e 
1959 data o th · 1960 data. This factor was us d in calculating th e con­
ce ntratio n of atomi -:- oxyg n in th atrnosph )re 124 ] . 

On th e bas iij of both the 195 
basic com pon nt of the atmosphe r 
upper li m it (210 km) of the altiltd 
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The atomic ni rogcn content in the atmosphere at these al itudec 
c.Hd not cxc eed 2 percent of th ~ molecular nitrogen content, which 
confirrned pr .vious sp ctromctric measurements. It was concluded 
that processes leading to accumulation of atomic nitrogen in notable 
concentrations do not play a significant role at the altitudes considered 
, 38). 

The relative concentration of atomic oxygen increased with alti-
. ude by a factor of 5, and at a n altitude of 210 km reached about 65 per­

nt of the concentration of molecular· nitrogen I 24]. 

The relative concentration of molecular ox pen, which at an alti­
tude of 100 km is approximately equal to the cone ntration at th surface, 
deer >ases with i.ncreasing alti ude by a factor of 2 and drops down to 
about 14 percent of the concentration of molecu]ar nitrogen at an alti­
tude of :210 km. The concentration of molecular oxygen was determin d 
with recombination of atomic oxygen insid ., th _ a alyzer taken into 
account ana on the assumption that all atomic oxyg n leaving ion currents 
s · t up by interaction with he analyzer surfac is conv · rted into molec­
ular oxygen [ 24] . 

The data thus obtain d were used to calc ulate the relativ con­
ce n ration of all three main atmosph ric components, also th degre 
of dissociation of molecula oYygen at various altitudes was caJculat cl. 
The results show that a considerable quantity of molecular oxygen still 
remains at an altitude of 210 krn. This is consid er cl to be eviden e of 
the consid :rab le effect of dtffusion mixing at thes" a 1 •.itudes [2':i·J. 

Gravitational s para ion, the com i osition, and the st rue tural 
param eters of Urn atmosp er~ at night ;. t altitud · s from 100 to 210 km, 
derived from the sam 2:3 Sept mber 1960 launching, w re consid red 
by Pc!thunkov in a separate article [ 25 ]. Th mass sp tra w r re­
corded by a loop oscillograph locat ,d in the s al d portion of th con­
tainer. When this r gistra io n method was ·mployed, h' rnin:imum 
detectable ion cun·ent a t the coll c to:r of the analyz r (at an input re­
sistance of ]Oll ohms ) was 4 x 10- 11

i am per s [25]. 

A notable feature of th . spectra was a p riodic mo ulati m of 
th m p .>ak amplitud s due to ro· ation of the co ntain e . This phen m non 
was utiliz din data processing to separaL p -•aks caus •d by gas s li b ­
er ated by th ·' contain · r . 

I n p · aks ·, it.h th follow in.g mas,s numb rs w r ·! regis er,~d: l, 
2, 12, 14 1 16, 17, 1B, 28, 29, 30, 32, 34-, 36 , 40 and 44, whic h w r 
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identified correspondingly as H1, 112, C, N1 , Ci, OH, H
2
0 , N

2
, 1 

N15
, NO, 0 2, 0 16

, 0 1a, Ar-~ 6, Ar 0, CO 2, and 20. In addition, gases 
with mass numbers 9, 10 , and 42 were detected [25]. 

Study of the al itude variation of th ratio of Ar to 
2 

shows an 
a~.moat exponential decrease with altitude which indi.cat s gr-avitational 
separation of Ar and 2 • Comparisons of laboratoz·y measur m • nts of 
th ratio of ion curr nts due to Ar and 2 near the surface with the 
content noted at high altitudes show that gravitational separation begins 
at altitudes of 105 to 110 km [ 25], 

The main components of th) at:nosphere Rt altitudes from 100 to . ' 
210 km were shown to be 2 , 01. and O;;,. In the altitude interval from 
100 to 150 km, isotop s of 2 ( 14 , 15 ) with a mass number of 29 were 
recorded, and at altitudes from 100 to 126 km, isotopes of 0 2 (016, 0 18) 

with mass number of J,t The r lative concentrations of these isotop-es 
at all obser ·1ed altitudes were constant, being equa . to about 7 .6 x 10- 5 

for N2 and abou 4.1 x 10-} foz~ 0;>, which is in good agreem ent with the 
relative distribution of isotopes 14 , i ; (7 .6 x 10- ) and isotopes 0 16 , 
O1

t:1 (~LO x 10-, , [25J. 

Traces of H2O , OB, H1, Hnd 12 were detected in the range of 
altitudes studied. The quantity of H-O registered was considerably 
l ~as tha n that obtained in the 19 5 cxperim ents [ 22, 23], and th e nature 
o f the variation of the ion current was likewise diff ·r nt. Modulation 
o f the ion curr -nt by lf.J) is quit w ak compared to the ion current due 
to 2, caus~d by th ' r-c.tation of h e c ntaincr . Thi.s shows that the H

2
O 

regi.stert:.>d by th4: sp ctrometer consists only of molecules on ·he sur­
face of Hi e ·on ta £ne 1 ( c:tr-ried into the upper layers, of the atmosphe r e. 
Generally, onl that pat·t of the ion current. which is modulated by vari­
ations in the ori ntation of the inpu orific is due to H2O o:riginating 
in th ~ upp r atmosph -re !25]. 

It is , how v · r also possible that modulation was caus d by 
molecul · s r fleet d from th incoming b am within th analyzer. Th 
maxi.mum value of the partial pr ss ur of HP at an alti ud o .f 115 km, 
eV'.a.luate d on the basis of modulation of th ion curr e nt, does not exceed 
3 x 10-? mrn Hg, whic is approxi mately 0.6 per cent of th tot( l atmoa, ­
pberic pressur) at t hi s alti tude . 1t was dee id •d tha this valu consti ­
tutes the upper limit o · H2O in the nigh atmosphPre at altitudes of above 
100 km. Wh n HP ·is dissociated in th ion sou re , hydroxyl ions and 
atm:ni.c hydrog • n] 1 are formed whic a th :. n ionl:r; ,c~d and creat,e cur-
r ents at th e coll . tor . The pres nee of hydroxyl iom:1 det c ed by the 
mass spectromet er a.11 be e.:xplatn ;)d fully by diasoci.ation of H

2
O i:n the 
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ion source. Assuming th instrumental ri·or to be equal to the upr ~r 
limit of the OH content in the atmospher , Soviet wor k -rs have shown 
that the t·elative hy roxyJ content in the night atmosphere above 10 0 km 
does not e"<ceed 6 x w- perc e nt of all gases [25]. 

The beba vi.or of ion current du . to B1 is similar to that caused 
by H2O a nd OH, which indicat ·•s a ct ·ssociative connection b h een H1 
and H20. Howev r, b ginning wi t.h an altitude of 145 to 150 km , the ion 
curr ents due to B: 1 d er ased more slm ly than is neces_sary to sat isfy 
th ratio of ion curr nts observed under laboratory condi.tions of H;P 
dissociation. The xc s s of H 1 ion current indicates a particle concen-
ration of JOH particles/ c m ·11,> . This could be atmospheric hydrogen; but 

the results are not co nclusive !25}. 

The variations in the H2 io n currents discovered at altitudes up 
to 13 0 km during the asc nt phase cor.Telated with varia tions in the H1 
ion current. It is . conclud ed from his that the r ecorded molec ular hy­
dr·ogen originates in recornb inati on o f atom ic hydroge n inside the spec­
ti~om eter analyzer. Th absenc ::> of H 2 in spectra at a1titudes above 
130 km indicates that its cone entration does not exceed the sens'iti vity 
threshold of th instrument, that is J ;~ x: 107 particles/ c m~. The rec om -
bination :rate of atomic hydrogen in the analyzer was determined by the 
ratio of H 1 and H 2 currents ., with effecti ve re.so lution of light masses 
tak n into account. It was show n that when th:i..s type of mass spectrom­
eter was used, not mor than J to 4 perc -~nt of Hl was subject to re­
combination. According to Pokhunkov (contrary to lstomin' s view [11 ] ), 
this supports th feasibility of using the available n1odel of mass spec­
trom eter for quantitat i e m easi.irem nts of the concent ration of atomic 
hydrog en [ 2:5 J . 

As in previous experiments, atmospherk h • lium was no t detect d 
in any qua nt ity a bove the s · nsitivity threshold of the instrument (in this 
case 6 x 10? par·ticJes /cm ) [25 ] . 

o d · finite cone lusions were r eac hed concerni ng th e CO:'! and N
2
O 

content of the atmospber beca1.rn the con ainer li )erates considerable 
amounts of CO 2 . Variat:lons in lh ion current du · .. to CO 2 and NP 
show d a monotonic decrease with ltitud ·• and weak modulation by ro­
tation. of the contain n·. Th sam e m thod of calculation that was used 
to evalu~u.te th .:, upper limit of the H2O content was also applied to deter­
m ln in:1 the CO 2 and {J ontent. At an altitud e of 120 km , th maximum 
conc · ntration of th · m ixtur ,) of th -se two gases was l perc e nt. which 
appro, imately c:oinci d,~d with th . r )sults o.f the 1959 exp eriment (2 2, 23]. 
A part of this n1:ixture ou I.cl be the CO2 formed in .h reaction of ator ic 
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and mol ·:ic u lar oxyg ::in of th · atmos herewith the oxide-thorium 
cathod of tbe ion source [25 l. 

The presence of a peak at mass numbe:r 12 was attributed to 
carbon fornLd during djssociation of CO 2 in the ion source, as sug­
gest d by th fact that th ratio of ion curnmts due to gases \ ith mass 
numb rs 12 and 44 was independent of altitude [25]. 

A small quantity of gas with mass numb •. r 30 and identified as 
0 was register ·:.d at altitudes from 1:30 to 180 km durin~ ascent and 

d :.scent. The co nee ntration of 10 was about 0 .1 perc nt: of that a f 2• 

Apparently, a considerable part of the r gistered O was formed in­
side the analyzer due to Ch a r· g e -l r a n Sf el."" !' a Ct i O 11 S Of the 
0 { + N2 = o• + N typ as seen from the correlation betw en the 
altitude variation of th e cone ntration ratio .1.'!0/ 2 ancl the variation 
of tbe (\/N 2 ratio. Ther -fore, th i.ndicated p rcentage should be 
interpreted as its upper limit within the 130- to 180-km al.ti tude range 
I 25 J . 

At altitudes from 100 to 125 km; gas s with mass numbers 9 
10, and 42 that ar not charact I is t ic of th low er layers of ·h atmos­
phere ·w · re recorded during both tlP ascending and descending phases. 
The first two w re not 'identified, although it was suggested ·that beryl­
lium and boron 10 isotopes may be r .sponsi.ble for these peaks. This 
means, howevet· , that th e origin of these elements in th:, upper atmos­
phere and th abs nee cf the ma'ir1 isotope boron 11 in th ·• spec run1 will 
hav to be explained 1.25 1. 

Dis e over y of a gas with mass numbez· 42 aroused onsider­
able interest. ''his gas, re rister cl within the altilud range b - tween 
103 and U6 km, was id:. ntifi d as an oxide of the magnf's:ium isotop 
l\1Ig26 • Th •• th · r two Mg c xid s with mass numbers 40 and 41 could 
not be resolved, owing to certain technical characteristics of the instr\l­
m -:. nt. From th~ charac t r of the altitude dependence of the Mg / 2 
ion curr nt ratio, i was fc und that th ... absolute cone ntra i,01 of all 
three magn sium oxid •'S cou Id be abotit 109 partic lr.s / crn' within th 
altitude rang). The pr sence of t.his conside:rabl" quantity •Of Mg() in 
th upper atmosphere indicates its extr-aterrestria.l, most probably 
m "'teori.tic ori.gin. The mr:~ximurn cone ::intra ·ion of MgO relative to 2 
was r · giaten~d at an altitude of about 117 to 118 km during both :he as­
cending and cl scending phas s. The oc "'urrenc · of this maximun:J was 
r· · lated to gravitational s paration at altitudes above 100 km and the 
presen ·e of a. layer of transition from urbulent mixing to one where 
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pure diffusion pr dominat"'s; in su ha lay r the gravitational s -pnration 
CO\..lld be disturbed by cur r en s from th low r lay -rs. According o data, 
this gravitationa] separation b gins to tak plac at altitud s of 105 and 
llO km, but the transition lay r reach s to an altitud of 117 to 118 km. 
Abov this layer the relativ" concentration of M.ga:io d er as s again, but 
·. n agreement with the laws of gravitational separation of ,1 ~ 0 and N._, 
125] . 

c. The ExpE~riment of 15 ovember 1961 

This exp rim ~nt has b n d scrib cl previously in conn clion 
with investigation of ionized compon ·•nts of the atmosph r f27). The 
results of this laun hing in resp ct to n utral components w re reported 
by Pokhunkov in July-Augus t, 1963 in an articl "On the Di$:tribution of 
Helium, itrogen, and Argon in the Earth's Atmosphere up to an Altitude 
of 4:>0 Kilometet~s" [26] . 

I n h is xp ri nt, th gases libe rat :.d from the roe ket contained 
mainly H2O a nd CO 2 molec ul ,s. Th lib ration of 2 molecul s b came 
no able a altitudes above 325 km [26). The identification of liberated 
particles as mad possibl by comparing sp ctra of the ascending and 
cl sc nding phas ·•s of th trajectory as d -scrib cl .in h section dealing 
with ionized compon nts. 

According o Pokhunkov, he:ium ions were dete t d a t altitud s 
of 370 km and above, as describ d befor in th s ction dealing with ionized 
components. Thi'· 1 d the author to assum that neutral H do s not occur 
in m asurable quan iti -s (l x 108 par icl s/cm3) at altitud s be low 370 kn1 
and down to 130 km [26J . This conclusion corr spends to Pokhunkov's 
earlier m asurements of the composition of the n utral atmosphere at 
altitudes above 100 kilometers [22, 23, 24, 25]. 

The following gas s were r 1i bly d tected at aJ.ti tud s a. ave 
130 km: 0 1, 2 , 0 2, F 1d Ar. Due to th simultan ous r ~c ording of ions 
and neutra l parti les, ~ dfrect measur m nt of n utral 0 1 b ame 
possibl only i:-i th 130 to 160 km rang . As UL cone ntra ion of atmos~ 
pheric o• ions. ·i ncr ased sharply at high ltitud s, th mass spectrograms 
showed an ion p ak at mass numbez· 16, du hiefly to th ' atomic o:>eyg n 
component [ 26] . 

By com pµrin g · the ion urrents of 0 1 and · 
2

, one an oLtai 
th valu ·~ of th relative con entration of 1 with resp c t to 2 , if h 
tak s account of a ch fa,' ors as discrimination of light gases and possib 
r ombinaHon of ton1s on th inn t' surfa of th> nalyz •r, ·.vhich or 
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haract -•rist.ic for each typ · of instrum ~nt. Using this m thod for 
compal'ing the data frorn this experiment with those of 196 0 [ 24, 25 l, 
Soviet sci ntists found the concentration of 0 1 particles at 16 0 km 
to be less than 35 percent of th,. N::> concentration at that altitude [261 • ... 

It has b come possible to trace the distribution of neutral n1ol c­
ular 0 2 to an altitud of about 200 km; how ver, the quantitativ data 
obtained ar not v ~ry reliable due to the unaccounted for contribution 
of 0 2 resulting from recombination of 01 atoms inside the analyzer . 
Non th >less, one can c onclude with a large d,egree of certainty that 
molecular oxygen exists at altitud s of 130 to 200 km i a least those 
quantities required to maintain its gravitationa 0 quilib .... ium with molec­
ular nitrogen. This consid eration indicates the d0minating rol of 
diffusion in re stablishing the t emperatur equilibrium disturbed by 
photochemical proc ss es [ 26). 

1 h distribution of mol.€,1c ular nitrogen up to a maxi1num altitude 
of 43 0 km is of considea:·able interest. When the distribution of 2 is 
not distorted by background gas liberated from the rocket, it can be 
traced to an altitude of 300 km. At higher altitudes , th e distribution 
of · 2 was obtained by subtracting the background of gas !iberated 
measured in the descending phas of th trajectory (dur·ng molecular 
shadow ). Since th magnitude of the ion current at the collector i.s 
directly proportional to th · pressure (or concentr ation) of the corre­
spond ing component, this operation was conducted with ·imary data, 
disregarding the nearly negligible effect of atmospher1.c ; ions (see 
Fig. 14) [ 26 l • 

By analyzing the curve of Fig. 14 with the aid of formulas of 
molecular kinetic theory, one can obtain the absolute concentration of 

2 mol cules at various altitudes, a.nd also calculate the ·temperature 
distribution of the attnosphere. The analytically deduced formulas were 
used to determine th e temperature,. concentration, density, and pressur 
distribution in the a trnosphere at altitudes ranging fron-1 130 t o 325 km, 
and a n approximate m •thod was us d for hi.gher altitudes . The results 
w re compiled in a table [ 26] which i.s presented below .• 
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I 
. l'n (~1), JoL'< He h. ,.._.. 1·,1 h'. II (N,). r.,, -1 p (N , ). J/rJo1' 

,._ .. __ ..... 

13(1 I /42.:i±SO ( 1 :3,,5 ± t . I\), 1010 (l , J.1()-li fl , I · 10-u 
tl,O 

I 
ltH0:.1;.'1\1 li.0 ±0,G :1 , 1 :1 . ;, 

! ~10 noo ± no a.:5; ·O,:i t . ri :.! , II 
160 I 77U : HO 1.8 · ·O,l 8 , t,.jQ-1. I, [, 
liO 000 • ..: 10!', 1,:.! ±0, 1 :, ,n 1, :1 
t ' (I :n7<1 -.: 110 (H. (I± (l' Pl . I ()Y ~ ') f, - 1, 0 
1()11 1 l[iU± I 1;1 U,O~·U,b :1 , 1 1-1 . 1:-,.10· 7 

:.!()(I 1'.WUJ: 1:.!0 ::,, 1±0,;, 2, /i ti . ti 
~io l:!OUt t:..:.', '..! , l'.' ±U,:s I , Ii ti , O 
V,O i:\01,± mo 1.8 ± 0,:.! 8/1· 10- 1~ 

., -
- , 1> 

~GIi t:mll± 1/iO I . I _n, 1 !i , 1;, : , H 
'(I 1·"10 · 11,;1 (i .0:t:0 , i)• IO" :l , '.!• 10-u 1,0 

:vx: l'i✓.O 1 :,o 4 .!',: •. Q'::, 1 , I ; , 1 .1 o-i 
:1'.!:;, 11.iO:... l :,O ::! , I);) .t O ' :w I ·> I '! ·- ' I• -
:3.',ll J/170 • 1:-iO I ,U:t0 ,1 :; 7 , J• IU··la :.! , (; 
:m; 11,i0±1r,<1 I , fl ± 1 1 [) ' 107 ,, .4 I , 11 

/i OO lli70± l:iO ::i , !'1± 1,8 2.u 8, i, 10-• 
/i 2;, 1 HO ± 1 fi() :5 , :1±3,0 1. 5 . ., 

···-/i:-10 l 470± 1f,0 ,.l , 0-,-13. 1, 4 ,,,. 7 
-:3 

If one compares the density of N.2 obtained in this way with the 
density of the atmosphere calculated from its retarding effect on arti­
ficial earth satellites (for instance , from the data of Martin and Priester 
{COSPAR Internat. Reference Atmosphere, 1961, p. 59), then it can be 
concluded that there are si.g1 j icant quantities of undissociated molecular 
nitrogen N2 at high altitudes (26] , 

An important factor in determining the state of the atmosphere 
is the altitude dependence of relati.ve concentrations. of any two gases 
where these concentrations do not vary within the studied "i:i.nge of alti­
tudes . Such gases are molecular nitrogen a..nd argon. Changes in the 
relative concentrations of Ar and N 2 with altitude {see Fig. 15 ) indicate 
that there is a significa11t gravi.tati.onal separation of these gases even 
at an altitude of 130 km. 

,, 
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APPENDIX 

Cla1:,sification of Production Model Mass Sp c tromet rs in th US R 

Soviet mass s p ectromet ers ar designated by two capital l ett rs follow ed 
by a four-d igit numb r (e. g . MK.h-G40l) , Th e lett rs indicat g neral 
groupings as follows: 

MKh - for chemical a alysis 
Ml - for isotopic analysis 
MV - high -r esolution 

The first digit of the number indicates th e ion separation principle of 
the sp ctroscope as follow s: 

1 - niform magnetic field 
2 - Non-uniform magnetic fi eld 
3 - Reserve 
4 - Magnetodynamic 
5 - Tim e-of-flight 
6 - R adio frequency 

The second digit indicates the area of application as follows: 

l - I ndicator 
2 - Indu strial contro instrument 
3 - Laboratory instrument 
4 - Special-purpos instrum e nt 

Th last two digits indicat e th e mod el number. 

Thus, the MKh-6401 mass spectrometer , for inst ance , is a device 
for chemic al analysis (Mr 1) which uses the r-f princip l e of ion separa­
tion (6), intend ed to be used under special circumstances (4), and is 
th first mod el (01) of the instrument [19]. 

It must be noted, however I that this classification system is not 
always used. Some devices were developed before th e classification 
s ys t em , and even the later deviciea ar e not labeled consistently • 

. -~--- -~--· ---------·--•-···- WJT I' Iii Tl ·; ?Sil I. 
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Fig. 3 . Diagram of the arrangement of screens in the 
analyzer i~nd i<> n source of a radl.o-frerruenc y mofl s s rectro met r 

0 - V-sh aped c. a tho de ( VT- l O tho r i a t e d tun Rs ten. • l O O rn i -
crons); I to V - gri.d.s of the ion so11rce; C - ioniza­
tion &pace; D - dividing line betweeu the ion source 
and the analyzer; 1. 2 - decelerating grids; 3 , 4 , 5 -
first sta~1e ; A - ion drift a.pace (7 cycle .s); 6, 1. 8 -
second stage; B - ion drift space (5 cycles); 9 , 10, 
11 - third st&F1e; 12. , 13, 14 - deceleratin 11, grids; 
15 - shielding grid; K - collecto~ (Dimensions are given 
in millim~iters . ) 



I 
" 

j 

F ig, t,, .Body of ana.ly:irnr tube with ion a.ourc 
nttach ,ed 

1 - Analyzer with the pream plif ier; 2 - lon 
soure1!1 3 - protec:tiva ca :11ing; 4 - tie belts; 
5 - nlpple wlth getter. 

Fig • .5, General view of S-1.tag~ ma1.1 spectrom-
eter 

1 - An nlvzor: 2 - ion source; 3 - nln A envelope 
with ,,tomlzed jletter; 4 - 1ir .1.mr,i'ifier; 5 - menRur­
ln r, unJt,. 
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l - Parachute 1ection (braking fl ps 
re•oved); 2 • openlng for the analyzer 
intake; . - airtight section containing 
the electronics; 4 - manometer windows~ 
S - lnstrument section; 6 - r~dio trmn~­
mittin~ antennas; 7 - windows of phntn­
c:ameras; 8 - riower . u nly; 9 •• i:;hock 
absorb . r. . 

,, 
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FiJ. 7. Principal sche-.e of f i ve ... st a ge a n alyze 

l - ~nlfe for breaking the •P t trometer bulb: 
2 - detachable ion source; 3 - high frequenc y voltage; 
4 - delay voltage; 5 • control of emission into telem­
etry 1y1tem; 6 - sweep voltage~ 7 - shift voltage; 
8 - to ion current amplifier. 
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r 1 du l pres s u 1' e , lo- b mm Hg ; work in g 
pr s sure 10- 5 mm Hg 
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Flg. 9. Exte rna l view of the radio-frequency mas 
npectromet e r us din the rocket Launchlng of 15 June 1960 

l - Analyzer; 2 - electronics unit. 
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Fig . 13a . Exterior view of the measuring 
unit (witho u t case) 
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