General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



e

kd

e

1

Martynkevich, G. M. "Razdelenle pervichnikh 1 vtorichnikh
chastits pri mass-spektrometrichneskikh issledovaniyakh

verkhney atmosfery."® Trudy Tsentralnoy Aerologiciesko
Observatoriy. No. 72, 73-%5 (1966)

Separation of Primary and Secondary * Particles
In Mass Spectrometric Investigations of the Upper

Atmosphere WV
By: G. M. Martynkevich

We analyze the possibility of using - in a
vertical sounding of the upper atmosphere
layers two experimental methods feor the sepa-
ration of the primary and secondary partiéles.
The first method uses the dependence of the
preset line location of the mass spectrome-
ter on the mass scale upon the normalized
velocity in relation to the gas nlxture 1lnves-

tigated; it perrits a complete separation of

the primary pari:icles from the secondary ones;

the second method makes possible a significant

decrease in partial concentrations of secondary
and a considerable increase in the partial con-
centrations of chemically active particles in the

ionization areza,

* For the definition of "primary and "secondary" perticles see
articles (4 - 6). )
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In spite of the existence of a consliderable number of

articles on the methodology of mass spectrometric measure-
ments in the upper atmosphere, published in the recent past**
and of rather successful experiments (21,23) conducted with
the same aim, & secries of important methodological difficul-
ties in the quantitative analysis have not been completely
overcome. This reason explains the continuous interest in

the considered problem.

The basic difficulty is in the correct accounting for
thé background - in a broad interpretation - as well as the
selection of the arrangeme..c on the carrier and of the geo-
metry of the mass spectrometer, which would assure the opti-

mal value of the gas-dynamics constant =« and the ef-

preset
fective "pumping out" of its aaalyzer without the aid of a

pump. The separation of the primary and secondary particles
would permit to overcome, to a large extent, this basic dif-

ficulty.

We shall consider two cases:
a) a complete separation of primary and secondary
particles;

b) a partial separation of the same particles,

¥* See, for instance, articles (2 - 7+9-11,13,19,20,21,23)
and others.




-3-
We shall consider full separation methods as being those
methods which assure thg_obtaining, by one mass-spectrometer
of a full resolution in the mass spectra of separated pri-
mary and secondary particles. The methods of partial sepa-
ration are those methods which make possible a considerable
decrease in the concentration of secondary particles in the

jonization area of the mass-analyzer used.

The possibility of using normalized velocity of the mass
spectfometer motiog also for the attainment of a full separa-
tion was first reported by Nier (20). His idea was later deve-
loped in great detall by Istomin (7), who prcved its applica-
bility to the radlo-frequency mass spectrometer of the Benneth
type (15) and to the Sputnik velocities (about 8.107cm/sec);
the basls of the full separation method does not therefore
require additional explanations. 7We should like, however, to
emphasize that a radio-frequency mass spectrometer {RMC) is not
the only antlyzer which brings about in principle, a complete
separation. Thls can be proven directly from the correlations*

for the radio-frequency at s = const, £ = const and V =V (t)
eV

M= (1a)
eAV

= 232" (lb)
AM __ AV

™ V' (1e)

* All formulae - where not speclally stated, are recorded
according to the absolute unit system of Gauss.
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of the simplest time-flight (VMC) at M = const and V = V (t)

(time-mass scale) : t=D(M\?, (2a)
%V
1
MA\T AV
Al=—D(-;—) 3 (2b)
@)’
atl AV
le‘=';‘ (2¢)

and of magnetic (MMC) mas spectrometers at r = const, H =

const and V =V (t; 2 .
" er*H?* AV

AM=—”2c’ Vi (3b)

18ay _ av |

M v ' (3¢)

where the shift along the mass 34X or the time scale At is

determined by the expression. eAV==ffz- (1)

In the expressions (1) - (), M is the mass of the given
cor-onent of the atmosphere, V is the accelerating difference
of potentials, H - the magnetic field intensity in the magnet
gap, r 1s the radius of curvature of the chamber of the sector-
type mass spectrometer, c is the light velocity, e - the charge
of the electron, t - the time, D - is the length of the VMC
drift tube, f, is the oscillation frequency, s - the distance
between the nets. In this manner, of the five types of analy -
zers successfully used in vertiﬁal sounding (16, 20 -25) toge-
ther with the BMC (radio-frequency mass spéctrometer) two more
spectrometers, namely the VMC and the MMC may Le used in the

separation of primary and secondary particles.
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However, in the pfocess of obtaining vertical cross-
sections not every one of these three installations mentioned
1s equally efficlent - due to 1ts characteristics and small
velocity values of u, compared to the velocity of the Sputrik.
Small u values result in small 4M values, which sharply aug-
ment requirements for the resolution force of the flight mass
spectrometers and compels to a more detailed account of ion
losses due to heat velocities. |

These losses, in a circular dlameter tube may be calcu-
lated according to the expression received in article (6)

= .y — 2 Jix)dx,

Py IR (5)
where.q° is the primary particles flux (in our case - the ion
flux falling on the inlet section ( in this case dropping on
the inlet section of the mass-analyzer), Qe is the primary par-

ticles flux which reaches the section located at an x distance

from the inlet section.

v“
— 2
2kT o 2 (s
W=V ‘D(3)—V;58 dz, (6)
0

arctg 2%

2 = XTg 2\ .
x)=-2 (1 — 2L Ysinzoap,
flx)=— ‘5 T )( R )sm

n_v,
=l = _2_17;_. X (3),

Where Il 1s the radiation intensity of primary particles 7,

v, T, i1s, respectively, the partial concentration, the most

oo?

probable velocity and the temperature in the free atmosphere,
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R 1t the tube radius R = 4 B_ (6).
o 5T 0
4
l’ 20 . _.gi .9 -
Tn®) = —'{—V:‘ (15 $c0s?0) 4w cos d PO ¢

X (3+28cos )1 + @ Beos ),

(7)

% 1s the most probable velocity of the secondary particle.

Considering certain simplifying assumptions the expression

(6) 11ill read as follows for the outlet cross-section of an

L long tube:

q

T’;-—l—2v,R,, L<C any values beta

9 T
40—1_2”7_‘7'—"7“—" w L L>¢ any

values

or beta

% V=R’ L<G 3>

_ L—¢

qL o (1-—V: BR'

ot s T

where
t=YE3R _085R": a=2,00359;

DY@ =S+ o)

(8)

(9)

(8a)

(92)
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Table 1 preéents results of the simplest calculations
of the resolution force necessary in the vertical sounding
to different altitudes ar.l of heat losses for the RMC typet*
MX = 6407 (12).

The H in table 1 is calculated from the earth level;
A H =H - 100 km, as the mass spectrometer start a normal

operation beginning at about H =100 km level;
u =V 2 (H)3H.

g (k) 1is the acceleration of a free drop, as a function of the

altitude (14); _
eV:=iwi

2

- 3s the energy of the ion macroscopic motion, computed 1>r
the mass number M = 16 a,e.m, of one of the most interesting

components of the upper atmosphere - the atomlc oxygen; _:1

M
in columns 5 and 6 is the resolution capacity at the base

and the semi-altitude, respectively, which permits the sepa-

16

ration - complete or partial - of the primary ion "0 + from

the secondary ion, and, therfore, also the heavier ilons of the

* The computations assume: a) B colncides with the operatiohal
radius of the net; b) Ehe ion® reach the collector with an
energy of only eV = Mu
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primary particles, whose lines are not overlappingthe spectrum
lines of the secondary parficles; the index 300o at 7 and ?

means that these magnitudes are computed for values T = 300°;

)
.

Ll = the section length in the mass-analyzer MX-6407 per median

masses (M = 20, 12 cycles, s = 3 mm) from the outlet of the
1M '

ion source to the first stop net; L, is the length of the sec-

2
tion from the first stop-net to the ion collector; the summary
value " is presented in column 11,

%

The results of computations presented in data in table 1
were obtained for an BMC, not for a VMC or a MMC as the BMC
ensures rather larger possibilites for a considerable increase
in resolution without a change in the V, Regrettably, theion
losses in the BRMC analyzer, due to the low summary transparency
of a large number of nets may be quite significant (Transpa-

rency of 20% and less). However, these losses in sensitivity

are easily compensated by using an electron multiplier.

A computation of heat losses wlthout taking into account
the harm-czics level (vihich may always be decreased by increa-
sing the number of cagcades) for a 100-cycle analyzer with a
total length of about 40 cm results in _M__ = about 180 at

M
the base and ‘s = about 0.82

9

It is evident that the above calculations musti be cor-
rected and checked experimentally. However, they are suffi-
ciently numerous to consider a total separation of primary anc

secondary particles in a vertical sounding as belng a problem
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capable of being solved. At that, the most expedient manner of
solution is - in all likelikood, an increase in the number of
cycles as well as the increase- to an effective 1limit - of the

stop-potential,

At Spufnik velocities - as 1s easily seen frca exprcossions
(1) - (4) 1t is possible to utilize all three mass spectrometer
typés (rMC,- VMC, and MMC). We should note, howeVef, that the
mass filter of Paul (22, 23) ¢ .4 the omegatron spectometer (18,
24, 26), in principle, could not be used in the methodology of

complete separatior.

Let us now investigate the method of partial separation,

It can be realized in two irays:

The first manner consists in usiag the nass spectrometer
with an open ion source and the introduction between the ion
- source and the analyzer of a "one-sided" resistance Z to the
gas flow. 2 must havezasmall value for the,incomihg~fiow of pri-
mary particles Z_ {including the lons formed in the source and
a large value for the reverse flow Z_l (the flow of secondary
particles which now became secondary ones are rumped out of the
analyzer by a small ion-getter pump through the racuum gauge of
a F>> % capacity. Such a scheme was successfully used by Nier
at the launch of the sector MMC with a single focussing on the
"Aerobee" Rocket (21). The use of the pump cémplicates the al-

ready complex flight experiment. Therefore, it is expedlent to
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attempt to eliminate the pump (second method). To achieve thie
b it is necessary to design the mass spectrometer and install it
on the carrier in such a way as to utilize the effective "pum-
7ping out"” of the analyzer due to its connection wlth the preset
s | vacuum area instead of the pump; or it may be caﬁsed Ew é&atic |
pressure {(which is much worse). Therrespectlve idealiied analy-~
zer designS are,presented in Figs. 1 and 2%, |

) ' rz
t 2 _L.z i ‘r‘ -
4 :—l'
{4 "~
: 1 3 !
- ;‘ o : - B
/
r } !
U B v ! >
! ] o r=2Ry =i !.2"’,-1 . T .
Fiz. 1 Here and in.‘g. r@
2’ u - "'2”, —

1 - analyzer,2 - ioa source

Fig. 2
It is easy to see that at
Z_" :}> zu » Z_'J' >>Z ) (10)
Z?'.l \> Z—IJ (11)

the second msthod can be easily realized oomparatively., It is

necessary to underline, at this point, that the system described

* At a sufficiently small relation __s_ the removal to a certain
limit of the lonlzatlonare a from the inlet section of the
analyzer permlits additional decrease of the relative coucen-
tration of the secondary particles, Tiiis is connected with
the fact that the reverse flow particles are subject to strong
scattering and practically cease to reach it, However, we
are not consiiering this problem at this time.
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abovehayibe used in oberating varioﬁs‘mase analyiers (for ins-
- tance the mass-fnter, the VMC,. BMC, i and others). If the
| conditions 1n the formulae (10), " (11) are fulfilled the Fig. 1

b T

Wﬁpgm - utse ﬁmn ages as conpared to--the ‘H&smwm e
%“'fi Fig. 2. f‘ﬁ—s | “

fIn additien'%o'a*eonsideréile"déefeaée'1n‘the réverse

'4;{f1ux, meaning the flux from the analyzer i"to the 1on17at19n

ej;area, the diagran 11 Figs.l & 2,perm1ts to-" : i : ,' . :
_a) subs‘,antially decrease L.e magnltude :'I’ preset . .
and redace 1t in. the cpoimal case to a value on the order of -
Aabout 2 1 (1 is therlargest linear dimenaion of the ion
V'source), A 7 . ' '
o b) somewhat decrease tne altitude at which the mass
:SPecérometer startsAoperationst due to theyloWered pressure
in the analyzer caused ey'fhe “pumpingout"‘and 1ts‘1ncfease
“'Ln the ion source caused by the deceleration of the incoming
flux; -
¢) significantly decrease the probability of a recoa-
'bination of chelrically active ‘components in the 1oa scurce as
a result of its openwork struetgre,'which reduces to & minimum
the number (about 1 - 2 ) of collisfens of the primary parti-
" cles with thehstructural parts of the soﬁrce, and, in this

manner, sharply inerease the concentration of chemically active

components in the lonization area,




: eoncentration of any chenloally active eonponent in conparison

‘.l'he increase - in the ionization area - in the relative

%
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to. the ‘relative concentration of primary pa.rtlcles of this. sane

- conponent is -due to the eontributlon of those seeondary parti-

~ -cles which did not perish in the collislons with the ion source _

B separation method as a nethod of enrichnent of the 1on1zation

Thls ract pernits us to positively oonslder the partial

| i area by chemloally actlve conponents.

qnantitatlve mvestigation of the uethodology o’ partial sepa-—

ratlon.

' the radiation mtenslty of secondary particles I by the iuaer
wa.lls of the 1nsta11at1 on with the- Fig. 1 geometry.

'l‘he above eonsideratlons point to the expedieney of a

We present t;herefore, heloir, the 1ntegra1 equation of‘

'I'he symbols are lntroduced *

in Fig. 3.
incomlng flux -

Fig; 3

l*‘
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In agreement with the synbols the equation for the plat-

form on the inner s:u-face of the cylinder ds 1is recorded as:

}“(“"""" )""ﬂ"("“"“') “x

where Il’ 12' 12 "= are the radiation 1ntensit1es of the sur-l

face elenents, respectively e==xr z:'=2:R.l. = Ri—l%)

and I

2 are connected by the relation

2

o)

'{:;»=5g4(§=_@-ﬁ=_)ds- | : ~ ¢_1_3*> 

o The re1ation~(13) makes possible the recording of (12) as

ATt (SR e 2w
Ay (Y-

‘The expression (1) differs from the analogous expres-
sion for the tube which connects the moving gas with the vacuum

"(5) by the last term in the left part.

Utilizing the sy'mbols in Flgs. 1 - 3 and partly the

results of work described in (3,5) we can re-write (14) as

P 3 rx(Ry — r cos 3) didr fj‘ R -—}osq)‘-‘d.g’d; |
15‘9 Tn (e+r+ “—.rR,cosv % |“'f")’+‘3kg(1—¢°s?)!’— _(15)
L2
. l' Re(R —fCOS?’).\f'dx'dq X
‘fo‘s {5‘;! (x’) <+ R‘ IRy cos P2 }

f»(RQ—fCOS?)dfd? ==‘:I;(x)
(2 5 72 < Ry — 2Ry cos 3)°
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or, npon mtegration along 9, 9 and partly, r

: f'(x)+j?(lx-x’l)!3(x’)dx'+

+4R’xjil;(x') ' A Illsrz"ﬂr‘)(k' xe-re)x'dx'ar o _

A L wﬁ:‘ux"*re—kb'—m}af"' T
‘_: :1 o - ==l-'-(x) S »_,“ i

~ where (]x—x'l)—-;,{l ““"‘“‘""”v"fkii R o

S ‘""’2' S '

aps 7,__’ :
=f'(x)~21 Jf..gmy 1—’_;‘;,. sincudd,

-

An exaet solation (16) presents serions diffieulties,

It 1s, therefore, expedient to fiml an approximated sol

for the evalt.a ons, in the following -manner: -

Let us distribute uniformly along the cross-sect

5= _= ng the intensities I, amd I,
- ' ]

following aspecto : ,
‘ sqex—:-’ui(x'v + Buez @) +H@=6),

where, in agreement with the articles ( 3 and 5)
X2+ 2R )

T (Vm‘

ﬁ(x) 2"‘ S ‘rnl/ l—-f sin? 3 40,

l;’“_'s—"

L= ;2,—_{ L () o (¥) dx.

* The basis for the (18') 1s,preseﬁted in article (17).

ut 1on

ion

t_hen',r (12)- presents the

(17)

(18)

(1£1)*

O




A

- 16~
Let us write Ié (xt) as the sum of:

I;(x') L () + La(x) (19)
then (17) can be written as owo equations:

I
fetx— X’l)lén(x')dx'+f.(x) —G( (20)

~

4
Jelx—2DRat)de + Eapo = fagy.  (21)

According to data in article (5) the solution of the

equation (20) is recorded' as:

fatx) = f}ﬁi[ » Hf*"""‘”‘” + R*f fd |+
+ 2R'—'—7L [ 2 Mf de'dx”— %—i“f'dx’]ﬂ (22)
2R'+L [R’ .‘ ?f dx'dx” + 'A%'_ff'dx']_*‘

dx'dx” — —j fidx’ J——”f.dfdx +he

X
M "R’+L[

According to data in article (3) the solution of the equation

(21) is:
L+R —x'

R +L (23)

I (x’ = I} s0p

Substituting (22) and (23) conse'cutively into (18a) and (18)

we obtain:

L L
Fao = | U + 1) (<) ax’= A () dx +
0 [] ’
‘ L+R - o ©
227 + R —x’ ’, r_ = A ’ ’ ’
SR'.s 12 300 W?(X)dx = -—-SR,SIZI(XM(-’C)dx +
0 (24
9 l-, R Con!
R U el s ’ next page
+ SR l.acNJ 1 o x’')dx’,
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Wherefrom:

sz
Inl(‘)Q( ')dt’
R | (24)

L B
S22 (LER e
SR’ 2R’ ) ?(X) X
0

17 59 =

The expression (24) may also be recorded as follows:

- K(nge ) 14 | L
E IM{K(O ; 34-'#_%’{'(3. .EL—)} (25)

’ R’ R’

Lsgo=

, - _ |
where K‘(" R’) is the Clausing multiplier for primary
particles (6). |

To a certaln degree the magnitude presented below may

serve as a measure of the concentration decr.ase in secondary

particles:

f2s00 \ R’ )

k”°<k'"

This magnitude i presented for three different cases in

)
I

table 2.

Data from this table show that, by decreasing the dia-
meter of the inlet and increasing the velocity of the incoming
flux it is possible to considerably decrease the background

caused by the secondary particles.
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Table 2
L o z'=0q x'=o& X - 0.9
_E; ——s =0,9; s »h S 2Oy " (B3
' 8=3,5 3=5 3=5 B=5
2 0,123t 0,0620 0.1137 0,068
3 0 1558 01074 XTI 0.0116
5 0.2563 0.1915 310 0,0233
) 04526 0.38:2 05175 0,0550

Let us briefly compare the two methods. The method of
complete separation in utilizing the analyzer's geometry, as
it is Schematiéally.presented ihrFig. L, permifs the measuriﬁg
With one unit of at least the followihg magnitudes-

a) partial concentrations of chemically inert parti-
cles in the free atmosphere utilizing the mass spectrum of
primar& particles; |

b):partial temperatures gnd pressures in the free
atmosphere utilizing the mass spectrum of secondary pérticles;

c) parﬁial concentrations and the effective ratio of

destruction of chemically active components in the ionization

area,
g7 A B : f 4 h
sYr——" b+ B W Ure ===
SHe o2 B4 2 o2 g o2
i L L lt“‘f ot Fi./ AL
. , ——
U T SRR
. l E ._.‘_1 U H T
{ E*miﬁ i =z~
P ' ' E '
I A ; ;o 11 .
’ £ ¢ ¢
1: I ' 4 :
L 4 g u . ’ : ~
’ b2yl -2, - _i
I 3k RS
b 28, = b 22, =l A
. @} &
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It is regrettable to admit that such a considerable
volume of information can be obtained only for a rather small
section of the trajectory, close to the 100 km levél, in other
words, to the level where'the macrovelocity U is sufficiently
large to achieve.complete separation, It would be expedient
to utilize, on the remaining section of the trajectory, the
systeﬁ of linear equations (9, 11). VIn addition, the intro-
duction of a tube with a Lkn will lead to the increase of thé.

T("usm”), yet fortunately, it will be less significant than the

use of already known units with a "closed" ion source (8).

The partial separation method permits to measure with
one spectrometer only partial concentrations in the free atmos-
phere and, at that, the background cannot be accounted for as
precisely as 1n thé césé of complete separation. The technicél
and engineering reélization of a partiél separation is attained
- by simpler means, than the realization of a complete separation,
Therefore, the method of partial separation is no less attrac-

tive.

In conclusion, we consider it to be our pleasant duty
to express‘our gratitude to A.I. Ivanovskiy for his valuable

advice and consultations,
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