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RADIO-FREQUENCY WVASS SPECTRONMETRY

1. INSTRUMENTS

This introductory chapter presents descriptions and specifica-
tion data of Soviet r-{ mass spectrometers in the approximate chrono-
logical order of their introduction or of publications in which such in-
formation appears, The principal agencies conducting research in
this field appear to he the Institute of Applied Geophysics of the Acad-
emy of Sciences USSR in Novosibirsk®*, the 5tate All-Union Design
Bureau of Analytical Instrumentation®**, and the Committee for Radio
Electromoes under the Council of Ministers, USSR#%*%, The person-
alities engaged in the Tield include, among others, such researchers
as Yorsin, Doylni sy Mikhnevich, Mirtov, Istomin, Pavlenko,
Pokhunkov. Some of the devices described were not initially designed
for upper atmosphere investigations, but were included as necessary
iinks in the course of development of types adapted specifically for
use in high-altitude research,

THE RMS-M

The RMS5-M radio-frequency mass spectrometer can be consid-
ered one of the initial achievements of a group of scientists headed by
Vorsin and associated with the Geology and Geophysics Institute of the
Siberian Section of the Academy of Sciences USSR, The main goals
were miniaturization and simplicity of operation. The instrument is
100 mm high and 23 mm in diameter, it operates on relatively poor
vacuum of 1077 mm Hg, and its resclving power varies between 10 and
16 atomic mass units, *0 A goneral view of the device ig shown in
Fig., 1[1}). (Sece Appendix for all Figs,)

#(Institut nrikladnoy peofiziki)

** (Gosudarstennoye sovuznoye konstruktorskoye byuro analfci-
cheskngo pribonrostroveniva)

*hk(GCosudarstvennvyy bhomitet no radioelektronika nri Sovete
Ministrov)

wat*The apecifications of all instruments described here are
given in a table {n the Anpendix.
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. current.  In general, theso prids ave considerod much simpler and
cheaper than wire 1 esh grids and can be produced without any loss

cf efficioncy [B]. The resolving power of the RMS-1 equipped with
Istomin grids was the same s that of the Townsend spectrometoer
described in Hew, Sedent, dnstrum., 1902, 0 23, no. 10, p. 338,
In his initial description of 1958, referced to above, Istomin related
that according to tests carr:oUout in the Institute of Applied Geo-
phyvsics in 1957 151, the sing.e-row grids showed 25 per cent better
resolving power than the prototype tubes with conventional grids,

The diagrammatic Tayout of the RMS-1 analyzer grids is shown
in Fig, 3,

The large deift-space gaps (A and B in Fip, 3) are maintained

by copper eylinders which also serve as drift-space electrodes, The
packet of grids and metal-glass ring spacers is assembled on three
polished ceramic rods 4 mm in diameter. Collector and grid connec-
tions pass through Kovar seals, The staieless steel body of the ana-
lyzer tube has a flange for mounting it on the ton source, or the rocket,
or sputnik, A tube with the ion source attached appears in Fig, 4.

The jon source is used primartly for Mboratory adjustments
. and calibration and for checking the condition of the device in later
tests [20].

The spectrometer tube with its 1on source attached is thorougnhly
degassed by heating to 400° C for several hours, then filled with an
argon-neon mixture of & pressure of about 3 x 107° mm Hg and secaled
off from the vacuum system. Two to three hours after sealing, the
tube 18 tested for leaks, after which a petter is vaporized in the tube.
Experience has shown that the tube maintaing this vacuum for months
of operation [6].

2. The electronics unit of the RNMS-1

The clectronics unitl consists of a d-c amplifier, an r-{ genera-
tor, rectifiers for "shift" and "stop' voltages, a sawtooth voltage
generator, a 600-volt d-¢ transformer, a commutator system for out-
put telemetry, and a relay system.

The 4-stage d-¢ amplifier, which Istomin described in consid-

. erable detail by means of ¢ircuit diagrams, is based on an amplifier
recommended in a thesis presented by L. S, Tsvang at the Institute

of Applied Geophysics, Academy of Sciences SSSR in 1956 [30]. Cer-







‘ a capacitive divider formed by a4 condenser and the capacitance of
grids 4, 7, and 10 of the analvzer, This chanpge considerably de-

creases the power requirement of the generator, The high-voltage

resistor.  The decelerating (Ushift' and "stop') voltages are obtained
by rectification and doubling of the high voltage by two 6D6A tubes,
Such circuitry ensures stable operation of the tube, because the "shift"
and "stop' vollages change proportionately. A small portion of the
r-f voltage rectified by the 5DBA tube serves to control the operation
of the generator.  "'Shift" and "stop” voltages are regulated by two
potentiometers, Two SG-IF voltage regulators are used to stabjlize
the anode voltage of the -1 generator [6].

used a TG-1B tube with a linearizing 6ZhlB pentode [6],

The anode circuit of the thyratron includes a relay . oil,
Sweep reversal pulses activate the relay and this, in turn, operates
the Shl-1l step commutator. Thus, *he contacts of the step commuta-
. tor, which are normally closed, open during sweep reversal and pre-
clude uncontrolled discharge of the thyratron [6].

The electrenics unit of the RMS-1 contains a semiconductor
transformer for high-voltage supply of about 600 volts at 50 micro-
amperes to grid 15 of the analyzer; this results in an §-milliampere
drain from the 6. 3 volt filament battery. A part of the transformer
voltage (about 1 volt) is used to control its operation by feeding it to
the even sepments of section 111 of the step commutator, Odd segments
of the same section carry control voltage of the r-f generator ard
the filament voltage of the first amplifier tube. Thus, three control
parameters are switched by the step commutator at the sweep fre-
quency anc transmitted to one telemetering channel,  This serves to
reduce the number of telemetering channels. 1n addition, the ”Stc)p"
voltage and part of the sawtooth voltage are telemetered. The step
commutator also transmits the outputs of the d-¢ amplifier, which
permits the operation of device by only one multiplex channel, if
necessary, If more channels are available, the output connections
bypassing the stop coramutator are used, providing independent trans-
mission of both high- and low-mass channels. Sections 1V of the step
commutator can be used in various ways, depending on the particular
application of the device [6],







as well us suppression of "harmome masses, woas achieve:d by
placing the successive three-pod stades at distanees of 5,0, i, T
high-frequency periads from one another, An example of the spees
feum obtained from aomisture of 3% Ar, 3 B e, 20% N, and 170 Ty
at a residual pressove of 1y Y e Hg and an inlet pressure of

1'% 1077 mm He is shown in Fig, 8[20].

Other details of the MKh-6401 that were described in article
(201 are the ion current amplificr, the high-frequency generator,
the sawtooth voltage generator, and the <d=¢ transformer.  The devia
feeds the following information into the telemetry system: 1) the
voltages of the outputs of the jon current amplifier (mass spectrum),
2) the v-f voltage, 3) the cathode emission of the jon source (1n mnlec-
ular analysis), and 4) the power supply voltage. A ground cont rovk
unit is included which is used for setting and measuring the cperation:s
data of the spectrometer, monitoring mass spectra on the screen of
an electron-beam tube, or for recording them by a loop oscillograph,
The specification data are included in the table (Appendix). laght
weight, small size, low power consumption, and long periods of op-
eration thundreds of hours) without need for recalibration are prop-
erties which are said to make the RMS-Pavienko (MKh-6401) partic-
ularly suitable for upper atmesphere investigations in addition to
other applications. At the time of publication, the device was said
to have successfully passed the laboratory tests and to have taken
ion and molecular composition measurements from rockets, without
there being any mention, however, of specific experiments or resu s
[20].

In ihis connection, it appears that one should mention the
launching of 15 June 1960 which was described by Istomin in late 196.
in an article dealing with tons of extraterrestrial origin in the 1010~
sphere [10]. In this article, Istomin referred to both the RMS-1 6]
and the MKh-6401 [20], as the instruments used in the investigation
of his problem. However, he did give a very general description of
the spectrorieter actually used in the launching of 15 June 1960, re-
ferring to it as "one of the latest models of a mass spectrometer”
but designating it later in the text as MKh-6403 (see Fig. 9). It is
gaid to be of increased sensitivity [10). It appears, therefore, that
the "15 June' or MKh-6403 (as it is once movre referred to by Istomin
in |9]) spectrometer was a new development superseding the RMS-1
as well as the MKh-6401.







changes mambiont temperatures and detnmg o crrcuits within 0, )
fo 0,05 percent, The sawtooth penerator is based on an arrange-
ment of capacitors charped through a pentode whieh yields good sw Cep
hnearity., The vommutator accomplishes the switching of high- frequency
ranges, sweep voltages, and amplilicr output stages.  The power suppl v
1 a push-puil relaxation vibrator operating on two semiconductor friodes

121].

The MKh-6405 is a modification »f the MKh-6403 specifically
designed for studies of the composition of the upper layers of the
atmosphere.  This instrument permits one to analyze the composi-
tton of both jonized and neutral gases, with automatic switching from
one type of analysis to another. The MKh-6405 has better sensitivity
than the MKh-6403. More detailed specifications of the MKh-6405
appear in the table. The spectrometers are said to work normully
under fluctuations in ambient temperatures from -40 to +40°C, also
under increased humidity and considerable mechanical stresses. The
life of the instruments is measured in hundreds of hours at a minimurm
noise level and stable zero point, as shown by actual test results [21].

A further modification of one or the other of the above instru-
ments is briefly characterized by Pokhunkov in a 1963 report on the
results of the 15 November 1961 launching [26]. Some specification
data mentioned in the article are included 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 electiron focusing screen around the
filar.ent that prevents the direct passage of particles from the atmos-
phere into the ionization region was replaced by a mesh grid permitting
free (without collision with the walls of the analyzer) passage of atmos-
pheric particles into the ionizing region | 26].

Because the cathode screen was negatively charged and the
grids forming the source region were at the body potential of the
rocket, the poss.bility of atmospheric ions passing into the ionizing
region was not entirely excluded, especially at high (with respect to
the thermal velocity) speeds and with sharp angles between the analyz-
er axis and the velocity vector, also with negative body potential [26].

-0 .







LoSTUDIES OF THE TONIZED COMPONENTS
OF THE U PPER ATMOSPHERL

G.  The Rocket Experiments of 1957-1959)

From 1857 10 1950, four experiments were conducted in the Soviet
Union to determine the mass spectra of positive jons af altitudes ranging
from 90 to 210 km by means of r-f mass spectrometers.  Istomin pre-
sented a report on the activities of this period in 1961 [8], The launchings
required for the rocket experiments took place on 9 September 1957
2 and 13 August 1958; and 22 July 1859 [8].

In eacl experiment, the mass specirometer was installed ina cylin-
drical container which was separated from the rocket during the ascent
phase, thus insuring the maximum possible freedom from contamination
of the experiment by the rocket. Mass spectra and some control param -
eters were transmitted to the carth by a multichannel, high-precision
radio telemetry system. The container was not oriented in any particu-
lar direction during flight. The launchings took place in the "middle
latitudes 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 (Bennett) type, which was tuned in the laboratory
to a resolving power of about 20 for neon isotope peaks at mass numbers
20 and 22. The isotopes were sealed in the analyzer tube for purposes
of calibration [8].

istomin considered the data obtained from the evening launching of
9 September 1857 to be of little value because of the high noise level and
the small number of spectra oblained. Therefore, these data were not
sufficient to establish the nature of the difference between day and evening
conditions in the ionosphere [34],

used, with the same calibration procedure as in the preceding threc
launchings. The mass numbers were determined from ion current graphs
obtained during flight by means of comparisons with calibration graphs

of a known gas mixture sealed in the analyzer. The final calibration and
checking procedures were carried out in flight, before the separation of
the ion source and opening the tube intake at about 90 km altitude for
admission of atmospheric gases {8, 10].

In all experiments of this period, the mass spectrometer analyzer

was installed in a recess in the cylindrical surface of the container in
such a manner that the first grid of the device was positioned approxi-
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the Sputnik itself, which accurred when the bady of the satellite was
notat the same potentiad ws unpecturhed plasma,  The presence of an

St ting nesd sreated by the (st ords of the mass spectrometer

fube Ted to additional o scparation, Fina Hy. ions of different masses
woere o differont statos o the danilveer itself due to the varying initial
criergy wath which they enterca the analveer, These differences viriod
by o factor of two for ions werh mass numboers 16 and 30, Therefore,
the deceleration of these jons wi s also different and the ratio of peak
ntensities was pot cqual 1o the ratio of concentrations of corvesponding
sons at chee input to the analvzer, However, this mass separation,

Wil ver its cause, was preat for oniyv those itons whose masses differed
stgnificantly from vach other, and was smali for ions of similar IMAass,
Thus, some gquamitative conclusions could be reached |77,

Absolute as well as relative infensitios of mass peaks in the spec-
tra showed considerable variation in time. As conditions in the device
were controlled and remained unchanged throu ghout the experiment,
variations in the spectra were attributed to such factors ag: a) changes
in the orientation of the input orifice of the ana lyzer with respect to the
direction of flight of the rotating Sputnik, b) variations of the coordinates
of the Sputnik's position, that is, the altitude, peographic latitude, and
langitude, and ¢) variations of cxternal conditions inf luencing ionization
of the atmosphere 7).

The results of measurements obtained at altitudes from 225 to
98D wrn confimed the predominance of OF in this region. At the same
time, the relative (with respect to O ions) content of hea vy molecular
ions NO O35, and N2 deeroasod and that of the light ion N* increaged
with altitude [4, 7], Unlike the altitwde dependence of composition
(which could not be established with the desirod degree of reliability due
to simultancous change of Jatitude}, the variation of composition with
latitude could be determined with some certainty,  The relative content
of atomic nitrogen ions at altitudes of 225 14 450 km increased consider -

ablv in passing from the region of 30—50 north latitude to that of 55— 65°,

Although 1n much less provounced form, the same thing appeared to be
the case at altitudes of 450 10 980 km.  The relative content of molecular
nitrogen ions, molecular oxvgen ions, and nitrogen oxide ions is also
consulerably greater in the 35— 65° north latitude region than at lower
latitudes [7].

C..The Rocket Experiment of 15 and 16 June 1960

An additional experiment to determine the jonic composition of the
atmosphere was carried out (as described by Istomin in 1961 (9, 10]) on
15 June 1960 by a rocket which carried for the first time an improved p-f




mass spectrometer of the MKh-6403 type. This device differed from
the former ingtruments i its greater sensitivity and somewhiat smatler
dimensions and weight (see Fig. 9, Devices) [10]. The Jaunching ook
peace durirg the rmorning hours (the solar elevation at launching time

b

was 137) in the middle latitudes of the Buropean pert of the USSR,

The great sensitivity of the MEh-6403 permitted rogistration of
1Icnic components present in comparatively small concentrations 1o
addition to registration of the main components of the jonosphere, that
is. NO*, 0O ‘ and O . Istomin determined some of those jons to be of
extraterrestrial origin {12, 10].

The launching of 15 June 1960 also remstered ons with mass
nurnbers 1 (B*) and i2 (C+). At an altitude of 200 km, their concen-
trations were about 3 x 103 and 3 x 10?7 per cubic centimeter, lons with
these mass numbers had not been found previously in the atmospherc,
The nature of the variations in amplitude of the mass peaks of these 1ons
snows that they could not be attributed to impurities introduced by the
rocket, nor could they be attributed to impurities introduced by the con-
tainer [9].

Ions with mass number 18 (H 0% were recorded during this flight
as in the previous 1959 flight, thus confirming the tentative conclusion
that these ions were indeed H,O® ions. Their origin, however, remained
unclear as they could not be positively identified as atmospheric compo-
nents [9].

The launching of 15 June 1960 also registered magnesium ions
(M&) {10]. This observation, together with some others referred to
above, led Istomin to assume ext-aterrestrial origin of some of the
obscrved components discussed in an article published in 1961 [10].

Over 100 spectra, five of which contained peaks with masg numbers
24 and 26, were obtained at altitudes of 92 to 206 kilometers. Threc of
those five spectra werce obtained in the ascending phase of the trajectory
and two during the descending phase. These peaks, the maximum ampli-
tudes of which were registered at 103, 5 and 105 kilometers during the
asceonding and descending phases,respectively, were identified as caused
by magnesium 24 and magnesium 26 isotopes. Comparison of the altitudes
of the two peaks yields a ratio of intensities equal to 9.3, which is close
to the theoretical value of 7 based on the distribution of these two isotopes
in nature. On the basis of electron concentration data and mass spectrom-
eter data, the absolute concentration of Mg*was determined to
be 1. 36 x 10* cm™ at altitudes of 103 to 105 km [10].
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One of the spectra obtained during the asce ndiag phase at an
altitude of 1035 km shows an jon peak at mass number 40, adentified
s due to the presence of Ca®s This is condirmed by the presence of
tomzed vascium lined oo the Tamnescence of the evening sky [0,

clstomin,
as well as d«:"w criching

Another ohservation in this connection (8 discussed hy
At Teast 1o spectra obtasned an the ascending
phase at altitudes corresponding to those at which the mapgnesium 10ons
” Although
the mass number 56 was the it of the spectrometer vange, and an
in current peak at this point wwas a known characteristic »f the ingstrument,
the mapgnitude of the obscrved peaks left no doubt that it was associated
with some atmospheric component. This component was identified as
Fer [36). A careful check with carlier data revealed that, for instance,
similar (mass number 56) peaks were recorded previously in the 2 Aupust
1958 launching, in that case by means of a spectrometer with a range up
to mass number B2, Using the results of electron concentration measure-
ments of the same launching, researchers caloulated the concentration
of Fes fons to be 12 x 10" en=®. One of the spectra obtained during the
15 June launching showed a peak at mass number 28 at an altitude of
100 kilometers., A similar peak was discovered on reexaminaticn of the
2 August 1958 launching,  The maximum concentration of these ions was
estimated at 7.5 x 10" ¢m™=3, They were tentatively identified as Si* ions,
which is consistent with the discovery of magnesium, calcium, and iron
ions 1 the same nmume;;» range,  The presence of these ions at such alti-
tudes is attributed to stony meteorites, [t is concluded from this that
meteorites play a significant part in the ionization of the K region ol the
atmospherce [9].

appeared showed extraordinarily high peaks at mass number

A“‘

The infarmation concerning the genuinely atirospheric components
collected durimg the 15 Junc 1960 launching and that of the yvear hefore
(22 July 1954) served Istomin as & basis for a method of determining the
abgolute ion concentrations from the data on relative concentrations,
using the electron concentratic n data collected simultancously with ionic
data during the samoe launchings [34]. It should be noted here that meas-
urements of electron concentration are considered by [stomin as an ad-
vantage of most of the Soviet launchings over the analogous American
experiments (9], A formula is given for these calculations which is
cerrect under the following assumptions: 1) the sum of positive ion con-
centrations is equal to the clectron concentration; 2) the sum of the jon
peak amplitudes is proportional to the total concentration of positive ions;
3) the ratio of ion peak amplitudes in the spectrum is equal to the corre -
spandding jon concentrations.  The absolute concentration data thus derived
from both launchings are given i two tables [9]),

- 17 -



d. The Rocket Experiment of 15 November [66]

This was the first experiment arrvanged for simultaneously
measuring both the 1onized and the neatral components of ‘he atmos-
phoeve and it was also the first to extend the altitudes beyond those of
previous rocket experiments.  The site was he "middle latitudes of
the Soviet Union™ and the time — 1600 hours local time |26]. The
cxperiment of 15 November was also the first to vield direct measuroe-

> peophysical rocket which reached an altitude of 430 km
carried anr-f spectrometer of th'e same general type as that uscd in
the 1958 experiments {20, 4], but with cons iderably increased sensi-
tivity (tenfold) and u change in the design of the lon source aimed at
better trangparency for incoming neutral particles. The characteris-
tics pertaining to the ion source of the device appear, however, to have
more in common with those of the MKh-6403 and MKh-6405 types as
described in the section on devices {20, 21].

In the experiment described, the analyzer of the mass spectrom-
eter was installed in the body of the rocket, under the protective cone
and parallel to the axis of the rocket. The protective cone was ejected
at an altitude of about 100 km on command of & programming device.
At this time, the glass bulb was separated from the metallic inlet tube
by means of a flexible cable attached to the protective nose cone, thus
opening the analyzer, Massg spectrograms of gases were transmitted
to the earth by means of a telemetering system [26].

During the ascending and descending phases of the trajectory,
the axis of the spectrometer was held almaost strictly parallel to the
velooity vector.  On one hand, this condition simplified calculations
of the concentrations of atmospheric particles when translational
motions of the analyzer 1n the ascending phase were taken into account;
on the other hand, it did not allow data to be obtained on the spectra of
atmospheric gases in the molecular shadow in the descending phase
when the container moved at velocities exceeuing the thermal velocity
of atmospheric particles [26]. -

In the launching of 15 November, B5 spectra of ionized as well
as neutrai gases of the atmosphere were recorded, All spectra up to
the 400 km altitude were obtained with constant (zero angle of attack)
orientation of the analyzer intake.

- 18 -










NO® jons at that altitude (1000 -0 13007 K) [13].

The O qons, unoke those of NO' were recorded with nearly
equal intensity during both ascending and descending phases of the
trajectory,  hich means that *me oftect of the molecular shadow was
relotively wouk in this case, The ratio of fon currents in the ascend-
ing and dese nding phases vavied between 16 and 2, In view of the
container velocity of 2,25 ~ 10% em/see, the thermal velocities of O

or their temperatures, must have been of a high order [13].

However, the considerable difference noted 1o O and NO® peok
amplitudes in the ascending and descending phases can hardly be ox-
plained by the rathoer slight difference in their thermal velocitios
(l.2x10% and 0,9 » 10% cmy/sov, respectively). The phenomenon may
be caused by fuctors not accounted for in the analysis, such as: 1)
deviation of the container potential from zero, 2) the negative potential
of 45 volts applied 1o the first grid of the analyzer, and 3) failure of a
number of 1ons to reach the collector after passing the first grid,

In conclusion, Istomin questions the general assumption of
existence of thermodynamic cquilibrium in the atmosphere, that is,
Maxweliian distribution of particle velocities or the temperature cquality
of all components,  Iomzation mechanisms may convey different energies
to resulting ions.  The effect of photolonization, however, is considoered
negligible, since the encergy nroduced is carried away chiefly by elec-
trons, In view of the results of this and other experiments, the existence
in the a‘mosphere of O jons with enevgies exceeding the thermal, appears
to be an established fact [13].




oo BTUDIES OF THE NEU AL COMPONENTS
OF THE UPPER ATAMOSPHERE

Aceording to Pokhonhov, experimeonts for determining the neu -

fral composition of the atoosphiese above 100 ki altitude have heen
carvied ovoan the UssHosince 1008 (22,0 237, This apphes to mass-

Spectrometric pnvestigations by rockets and sateilites; balloons and
probes are hnown to have been usod much carher in studies of lower

altitudes. The initi: rocket and satellite Lanchings in 1958 inohad use of the
carly RMS-1 Bennett-tvpe r-f mass spectrometer antd the more signif-
1eant developments began only with the launchinps of July 1959 1 which
the tmproved MEE-6401 tvpe spectrometer (sece Fig, ) [23) was usced,

d.  The Taly [HH0 Experiments

Two racket Liunchings took plice an July 1959 the first occurring
at 292 hours after sunrise and the second at suneise,  On each occa-
siou, the recoverable contamner with the mass spectrometer was sep-
arated from the rocket at o high altitude, so that the measurements were
made at o distance of several hundreds of meters from the rocket.  The
analyzer was installed rnooorecess perpendicular to the cylindrical sur-
face of the container 23],

The fon source of the spectrometer was supplied with an ionizing
voltage of 36 volts from the electronies unit. The grid of the ion source
was covered on the input swde by an opaque metallic sereen which avded
in the formation of & space charge and in focusing the electron current.
Fhe input tube was gealed into o glass bulb containing an atomized getier
Laver on the inside. The speetrometer was launched with a sealed ana-
lveer filled to o pressure of 1 x 107 mm Hg by a known mixture of gases,
These pasos (Hy, He, Ne, Ar) served to contral © o operation of the
device and to facilitate cahbration of mass spectra [23].

After the container was Separated from the rocket, the ion source
wis turned on by oopropgramming sipnal, and control spoctra were
registercid. Then the analyzer wias opened by a deviee which broke the
bulb,  Inlto Y2 seconds  the pases initially in the analyzer were,
for all intems and purposes, fullv replaced and the mass gpectrometer
began analyzing atmospheric gases [23]. ”

During free flight of the container, data on mass spectra were
transmitted to the carth by means of a telemetry system,  In the first
experiment, this system was double-checked by recording with a loop
oscillograph,  When the loop oscillograph was used for recording, the










The stamic nitrogen content 1 the ctmosphere at these altitudes

Gl not excecd 2 opoercent of the molecular nitrogen content, which
confirmed previous spectromaetrico measurements. 1 was cone luded
that processes leading to accumulation o atomic nitrogen in notable
concenirations do ot play a significant role ot the altitudes considereod
I8

Toe relative concentradion of atomic oxygen nereased with alty -
turde by s tactor of Boand at oo adttude of 210 ko ceached abnet 65 prr-
st ol the concentrazion of molveular nutrogen |24,

The relative voncenteation ol molecclar oxyyon, which af an alti-
tude of 100 km s approximutely cqual to the oncontration at the surfac ¢,
decreases with incrcasing altitude by & factor of 2 and drops down to
about 14 percent of the concentrat.on of maolecular nitrogen et an alty-
tude of 210 k. The concentration of molerular oxXvgen was determined
with recombination of atomic oxygen ins:de the ana Iyzer taken into
aecount anc on the assumption that all atomic oxygen leaving ion currents
set up by interaction with the analyzer surface is converted into molee-
ular oxypen |24],

The data thus obtained were used to caleulate the relative con-
centration of all three main atmospheric components, wlso the degree
of dissociation of molecular oxypgen at various altitudes was cateulated,
The results show that a considerable quantity of molecular o xygen still
remaing at an a:titude of 210 km. This 15 considered to be evidence of
the considerable effcct of diffusion mixing at these a'itudes [ 2],

Gravitational separation, the composition, and the strucinral
paramaeters of the atmosphere at night at altitudes from 100 1o 210 km,
derived from the same 23 8 eptember IBGO Jounching, were considered
by Pexhunkov in o separate article [25]. The muss SPECIra Were re-
corded by a loop oscillopraph located in the sealed portion of the con-
tatner.  When this rogistration moethad was om ployed, the minimum
detectable fon current at the collector of the analycor (ot an input re-
sistance of 108 ohms) was 4 x 1070 amperes [25].

A notable feature of the spectra was a periodic maodulation of
the peak amplitudes due to rotation of the container,  This phenamenon
was utilized in data processing to separate peaks cauged by gases lib-
erated by the container,

lon peaks with the following mass numbers were registered: |
2,12, 14,16, 17, 18, 28, 20, 30, 32, 34, 36, 140 and 44, which were



wentyfied correspondingly as H, H,, C, N;, O, OH, H,0, N, N
NEONO, O OF 0o gyt a r'® COa, and N, In addition, gases

with rmass numbers 9, .0, and 42 were detect ed [257.

Study of the altitude variation of the ratio of Ar to N » shows an
a'most exponential decrease with altitude which indicates gravitational
separation of Ar and Ny, Comparisons of laborat Ory measurements of
the ratio of 1on currents due to Ar and Nz near the surface with the
content noted ot high altitudes show that gravitational separation begins
at altitudes of 105 1o U0 km |25]),

The main com ponents of the atmosphere at altitudes from 100 to
210 km were shown to he Ne, Or. and Op Inthe altitude interval {rom
100 to 150 kin, isotopes of Np (N N®) with a mags number of 29 were
recorded, and at altitudes from 100 to 126 km, isotepes of O (O]"E’, O
with mass number of 34, The relative concentrations of thege isotopes
at all obser 'ed altitudes were constant, being equai to about 7.6 x 1073
for Ny and about 4.1 x 107? for O., which 15 in good agreement with the
relative distribution of isotopes N N (7.6 x 107") and isotapes OM’,
O (4,0 x 107*) [25].

Traces of H,0, OH, Hy, «nd H-. were detected in the ange of
altitudes studied.  The gquantdy of Ha.O registered was considerably
less than that obtained in the 1950 fperiments (22, 23], and the nature
of the variation of the 1on current was likewise different, Modulation
of the ion current Lo HA is quite weak com pared to the ion current due
to Nz, vaused by the roiation of the ~ontainer, This shows that the H,0O
registered by the spectrometer consists only of molecules on the sur-
face of the contiviner . urried into the u pper layers of the atmosphere.
Generally, only that part of the jon current which is modulated by vari-
ations in the orientation of the mput orifice (s due to H 20 originating
in the upper atmosphere [25],

It is, however, also possible that modulation was caused by
molecules reflected from the incoming beam within the analyzer. The
maximum value of the partial pressure of H #£) at an altitude of 115 km,
evaluated on the basis of modulation of the ion current, does not exceed
3x107 mmH ¢, whick is approximately 0.6 per cent of the total atmos -
pheric pregssure at this altitude, It was decided that this value consti-
tutes the upper limit of HyO in the night atmospherve at altitudes of above
100 km. When HO is dissociated in the ion sou ree, hydroxyl iong and
atomic hydrogen H, are formed whick are then jonized and create cur-
rents at the collector. The presence of hydroxyl ions detected by the
mass spectrometer can be explained fully by dissociation of H,O in the



lon source.  Assuming the instramental error ta he equal to the upp e
Hmit of the OH content i the atmosphere, Soviet workers have shown

that the relative hydroxyl content in the night atmosphere avove 100 km

does not exeved B x 107 pereont of all pases [25].

The behavior of fon current due 1o Hy 18 similar to that cansed
by H,O and OH, which indicates a d.ssociative cannection botw een H,
and H,O. However, bepinning with an altitude of 145 to 150 km, the on
currents due o Hy decressed more slowly than is necessary to satisfy
the ratio of yon currents observed under lnboratory conditions of H,0
dissociation.  The excess of Hy fon current indicates a particle concen-
tration of 108 particles/cm®  This could he atrmospheric hydrogen, but
the results are not conelusive [25 ),

The variations in the Ho jon currents discovered at altitudes up
to 130 km during the ascent phase correlated with variations in the H,
ion current. Itas concluded from thiz that the recorded molecular hy-

drogen originates in recombination of stomic hydrogen inside the spec-
trometer analyzer. The absence of H, oin spectra at altitudes above

130 km indicates that its concentration does not exceed the sensgitivity
threshold of the instrument, that is, 3 x 107 particles/cm?, The recom-
bination rate of atomic hydrogen in the analyzer was determined by the
ratio of H, and H, currents, with effective resolution of light masses
taken into accoum. It was shown that when this type of mass spectrom-
eter was used, not more than 4 to 4 percent of Hy was subject to re-
combination. According to Pokhunkov (contrary to Istomin's view |111]),
this supports the feasibility of using the available model of mass spec-
trometer for quantitative measurements of the concentration o atomic
hydrogen [25].

Asg in previous experiments, atmospheric helium was not detected
in any quantity above the sensitivity threshold of the instrument (in this
case 6 x 107 particles/cm?) [25].

No definite conclusions were reached concerning the CO, and N,O
content of the atmosphere because the container liberates considerable
amounts of CO,. Variations in the ion current due to CO, and NLO
showed a monotonic decrease with altitude and weak modulation by ro-
tation of the container. The same method of caleulation that was used
to evaluate the upper linat of the Hy0 content was also applied to deter-
mining the CO, and NO content, At an altitude of 120 km, the maximum
concentration of the mixture of these two gases was | percent  which
approximately coincided with the results of the 1959 experiment (22, 23].
A part of this mixture could be the CO, formed in the reaction of atom.ic



and molecuiar oxvgen of the atmosphere with the oxide-thorium
cathode of the won source

257,

The pregsence of o peak at mass number 12 was attrmbuted to
carbon formed during dissociation of CO, o the won source, as sup-
pested by the facy that the ratio of 1on currents due 1o gases with mass
nurubers 12 and 44 was independent of altitude [25].

A small quantity of gas with mass nunber 30 and dentificd as
NO was registered at aititudes from 130 to 180 km during ascent and
descont. The concentration of NO was about .1 percent of that of N,
Apparently, a considerable part of the registered NO was formed in-
side the analvzer duv to charev-1ransfer reacvtions of the
O + N. =NO" + Nitype, as seen {from the correlation between the
altitude variation of the concentration ratio NO/N, and the varistion
of the Oy/N, ratio.  Thercfore, the indicated percentage should be
interpreted as its upper haoit wathin the 130- (o 180-«m altitude range
{25].

At altitudes from 100 to 125 km, pases with mass numbers 9,
10, and 42 that are not characteristic of the lower layers of the atmos-
phere were recorded during both the ascending and descending phases,
The first two were not identified, although it was suggested that beryl-
Lium and boron 10 isotopes may be responsible for these peaks. This
imeans, however, that the origin of these elements in the upper atmos-
phere and the absence of the main isotope boron 1l in the spectrum will
have to be explained [25].

Discvovery of apas with mass number 42 aroused consider-
able interest,  This gas, repgistered within the altitude range between
103 and 1'% km, was identificd ag an oxide of the magnesium isotope
Mg?' . The other two Mg oxides with mass numbers 40 and 41 could
not be resolved, owing to certain technical characteristics of the instru-
ment,  From the character of the altitude dependence of the Mg# /N,
ion current ratio, it was fourkd that the absolute concentration of all
three magnesium oxides could be about 10 particles/cm?® within the
altitude range.  The presence of this considerable quantity of MgO in
the upper atmosphere indicates its extraterrestrial, most probably
meteoritic origin,  The maximum concentration of MgO relative toN,
wag registered at an altitude of about 117 to 118 km during both the as-
cending and descoending phases,  The occurrence of this maximurn was
related to gravitational separation at altitudes above 100 km and the
presence of a layer of transition from turbulent mixing to one where




pure diffusion predomanates; i such o layer the grsatationad soparation
could be disturbed by currents from the ower layers,  According o data,
this gravitationa! separadion begins (o take place at altitudes of 105 and

HO km. but the transition layer reaches 1o an atitude of (17 (o 118 k.
Above this layer the relative concentration of Mp®O decreases again, but
moagreement with the laws of gravitattonal separation of Mg O and N,
[25).

" The Expe

"

“iment of 15 Ne vember 1961

This experiment has been deseribed previously in connection
with investigation of ronized components of the atmosphere [27). The
- . Ve e . 1y - . . .
by Pokhunkov 'n July-Augus', 1063 inan article "On the Distribution of
Helium, Nitrogen, and Arpon in the larth's Atmosphere up to an Altitude
of 430 Kilometers' [26].

v this experiment, the pases liberated from the rocket contained
mainly H, O and CO; molecules, The liberation of N, molecules became
notable at altitudes above 325 km [26]. The identification of hiberated
particles was made possible by comparing spectra of the ascending and
descending phases of the trajectory as described in the section dealing
wiath ionized components,

According o Pokhunkov, helium ions were detected at altitudes
of 370 km and sbhove, as desceribed before in the section deahing with ionized
components.  Thic led the author to assume that neutral He does not ocour
in measurable quantities (I x 102 particles /om?®) at altitudes below 370 km
and down to 130 km [26]. This conclusion corresponds to Pokhunkov's
earlier measurements of the composition of the neutral atmosphere at
altitudes above 100 kilometers (22, 23, 24, 25].

The following gases woere reliably detected at altitudes a® ove
130 km: O, N,, O., & d Ar. Due to the simultaneous recording of ions
1 o’ P Iy

and neutral particles, sdivect measuroment of neutral O became
posgibie only in the 130 to 160 kn range,  As the concentration of atmos -
pheric Q7 1ons dncrcased sharply at high altitudes, the mass spectrograms

showed an ion peak at mass number 16, due chiefly to the atomic oxygen
component [26],

By comppring - the ion currents of ), and MN,, one can obtain
the value of the relative concentration of Oy with respect to N,, if he
takes account of such favtors as diserimination of light gases and possible
recombination of atoms on the inner surface of the analyzer, which wre




characteristic for each type of mstrument, Usig this method for
comparing the data from this cxperiment with those of 1960 (24, 1571,
soviet selentists found the concentration of O particles at 160 o

to be less than 35 percoent of the N, concentration at that altitude [26],

It has become passible to trace the distribution of neutral molec-
ular O, to an altitude of about 200 km; however, the quantitative data
obtained are not very reliable due to the unaccounted for contribution
of Oy resulting from recombination of Oy atoms inside the analyzer,
Nonetheless, one can conclude with a large degree of certainty that
molecular oxygen exists at altitudes of 130 to 200 ki in at least those
quantities required to maintain its gravitationa: equilibrium with molec-
ular nitrogen, This consideration indicates the dominating role of
diffusion in reestablishing the temperature equilibrium disturbed by
photochemical processes [26],

The distribution of molecular nitrogen up to a maximum altitude
of 430 km is of considerable interest, When the distribution of N is
not distorted by background gas liberated from the rocket, it can be
traced to an altitude of 300 km. At higher altitudes, the distribution
of N, was obtained by subtracting the background of gas liberated
measured in the descending phase of the trajectory (during molecular
shadow), Since the magnitude of the ion current at the collector is
directly proportional to the pressure (or concentretion) of the corre-
spore e component, this operation was conducted with  1rary data,
disregarding the nearly negligible effect of atmospheric N3 ions (see
Fig, 14) [26].

By analyzing the curve of Fig, 14 with the aid of formulas of
molecular kinetie theory, one can obtain the absolute concentration of
N, molecules at various altitudes, and also calculate the temperature
distribution of the atmosphere, The analyticaily deduced formulas were
used to determine the temperature, concentration, density, and pressure
distribution in the atraosphere at altitudes ranging from 130 to 325 km,
and an approximate method was used for higher altitudes. The results
were compiled in a table [26] which is presented below,
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APPENDIX

Clas sification of Production Model Mass Spectrometers in the USSR

Soviel mass spectrometers are designated by two capital letters followed
by o four-digit number (e, g, MEKh-6401), The letters indicate general
groupings as follows:

MEKh - for chemical aralysis
Ml - for isotopic analysis
MV - high-resolution

The first digit of the number indicates the ion separation principle of
the spectroscope as follows:

1 - Uniform magnetic field
Non-uniform magnetic field
Reserve

Magnetodynamic
Time-of-flight

Radio frequency

OV oW WS
| I S R |

o
]

The second digit indicates the area of application as follows:

1 - Indicator
2 - Industrial control instrument
3 - Laboratory instrument

4 - Special-purpose instrument
The last two digits indicate the model number,

Thus, the MKh-640] mass spectrometer, for instance, is a device
for chemical analysis (MKh) which uses the r-f principle of ion separa-
tion (6), intended to be used under special circumstances (4), and is
the first model (01) of the instrument [19],

It must be noted, however, that this classification system is not
always used. Some devices were developed before the classification
system, and even the later devices are not labeled consistently,
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Fig. 7. Principal scheme of five- gtage analyzer

1 - Inife for breaking the epectrometer bulbj

9 - detachable ton source; 3 - high frequency voltage;
4 - delay veltage; S = control of emission into telem-
etry system; 6 - sweep voltage; 7 - shift voltage;

8§ - to ion current amplifier.
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