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Momentum transfer collision cross section for slow
electrons in magnetic field from radio
frequency conductivity measurements
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Momentum transfor collision cross section for slow electrons in hydrogen
and oxygen in a transverse magnetic field varying from zero to 1850 gauss
have been obtained by studying the variation of radio frequency conducti-
vity of the ionized gas within the pressure range of a few microns to
6 torr. The momoentum transfer cross section is higher than that without
field for the same range of electron energies. The results have been
didcussed in the light of the experimental breakdown voltage measgure-
ments in these gases. Tt is further pointed out that the method is capable
of providing acewate values for the electron density in these gases.

1. INTrRODUCTION

In previous communications (Sen and Ghosh 1966, Gupta and Mandal 1967,
Sen and Gupta 1969) it has been shown that the measurement of radio frequency
conductivity of an ionised gas and its variation with pressure enablos us to calou-
late the various purameters of the ionised gas such as the electron density, collision
frequency and electron temperature. The measurement in presence of a mag-
netic field enables us to find the variation of electron temperature with, magnetic
fiecld. The only effect of magnetic field that has been taken into congideration
in the previous papers is the introduction of the conecept of equivalent pressure
and it hag been found that the experimontal results can be satisfactorily ex-
plained quantitatively for small values of (H/P) only where H is the magnetic
field and P is the pressure: this is due to the fact that the equivalent pressure
concept is valid only for small values of (H/P). The measurement of momentum
transfer crogs gection of eleotrons for eclagtic scattering has been carried out
in a large number of atomic and molecular gases for a wide range of
electron cnergies by various standard methods such as swarm experiment,
microwave after-glow method and the cyclotron resonance method and a com-
prehensive review of these methods and the analysis of the results obtained has
been provided by Magsy and Burhop (1969). The effect of a magnetic field on
the colligion oross section of electrons with atoms amd molecules is important
not only for understanding the nature of interaction of magnetic field with
ionised gases but is absolutely necessary for explaining the phenomena of
breakdown of gases in magnetic field. As the measurement of radio frequency
conductivity of ionised gases and its variation with pressure and magnetic field
enables ug to calculate the electron density, colligion frequency and electron
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temperature, §o the same method is proposed to be adopted in the present invosti-
gation to caleulate the momentum transfer cross section of electrons and its
variation with electron energy (slow electrons) in a transverse magnetic field.
A programme for the measurement of momentum transfer cross soction in mag-
netic field, specially for low encrgy electrons has therefore been undertaken and
the presont paper reports the results in case of hydrogen and oxygen.

2. TurorY OoF CALCULATION oF MOMENTUM TRANSFER CROSS SECTION
FROM R. F CONDUCTIVITY MEASUREMENT

In the present experimental sotup it iv assumeod that the dischaige current
is flowing along the 2-uxis, tho radio frpquency field used for measurement of
r.f. conductivity along y-axis and the m)b.gnatic field along the z-axis. Then the
oquations of motion are '

dv e
“d;’ ‘I‘ V'Uy ‘I U)B'U‘n - ";;Eoe\]mt

where v is the froquency for momontum transfer, w is the froquency of the mea-
suring radio frequency field and wp — (eH ) the cyclotron frequency and simi-
larly

%Uf +vr,—wpry — 0
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mi v+ Jw)+ wp?|
Hence 0 rpyg Which is the real part of r.f. conductivity in a diroction perpondicular

to the transvorse magnetic ficld

et ot tes?) Q)
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which is the same expression as deduced previously by Appleton and '.Booha.riwal%a.
(1935) and later by Gilardini (1959). The energy of the electron in the magnetic
field can be calculated and the cnorgy
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as the value of w is smaller than either v or wp by two orders of magnif:udo. Diffor-
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entiating eq. (1) with respect to », which in offoct means the change with respect
to pressure, we got
v°+V‘[wgi-f-wz]——uz[w“-}-wg‘—-IszwB’]—(w2——w32)“(w2 +wp?) =0
As the magnetic field used in the experiment is of the order of a few kilogauss,
and the measuring field has the froquency of a few megacycles i.e.

wp> w
we get,
(V‘—'WB4)(V2 "|"‘sz) = ()
or vV = wpg.

In deriving the above expression it has been assumed that n, the clectron density
remains constant with the changoes of pressure. To justify this it is noted that
. , _ ne*l  nel

P=neul = = = b

where b is a constant. It is observed that with the change of pressure tho dis-
charge current changes but in our experimont we have kopt the discharge current
constant by changing the value of E. To test this point an oxperiment has been
performed in which the pressure is varied and the corresponding value of B is
noted so that the discharge current is kept constant and the results are plotted
in figure 1. The linear relation obsvrved between E and P indicated that for
constant discharge current # the olectron density remains constant with pressure.
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Fig. 1. Variation of applied voltage at different pressures to keep constant discharge current.

0wy Will become a maximum when v = wp from which the collision frequency
at the particular pressure can be caloulated and as ve = vr/As = vp.P|L

we get ”'PL mas _ fg_
or H =: constant,

Pmﬁm
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whore Pipq, is the pressure at which the radio frequency conductivity hocomes
a maximum. when the magnetic field H is applied.

As P = N(yo Vlﬁqf%’{_ . (3)

where N is the number of molecules pet c.c. at the pressure considered, o is the
momentum trangfor cross section, T, ix the electron temperature, m is the mass
of the eloctron and K ig the Boltzman constant. The electron temperature has
boeen measured by single probe method and its variation with magnetic field has
been found to satisfy the theorotical deduction (Sen, Das and Gupta 1972) for
small (H/P) valies namely

T,H:*Tg[]—} (7‘ gj ]i

whoere c,— ( ¢ L‘)i

m vy

whore L is the mean froo path of the electron in the gas at one torr.  The value of
€, has boen found to bhe 562107 in close agreement with, that obtained
by Blevin and Haydon (1958) and that of oxygen is 17.14 x 10",

Hence from oq. (3) 0 the momentum transfer cross seetion in presence of
magnotic field is given by

S :
oc (%) ( 8KT, )4} [1‘{'01’;{‘:—'-‘1/4 (4)

mi

3. TXPERTMENTAL ARRANGEMENT

The present investigation reports the results regarding the variation of r.f.
conductivity with pressure in a transverse magnetic field in case of hydrogen and
oxygen. The mecasuring fiold has a frequency of 2.45 MHz and the variation of
pressure is in the millimeter range and magnotic field omployed is 1 kilogauss to
2 kilogauss so that the assumption w <€ wp is justified.

The method of measurement is the same as has been usoed in the previous

paper (Sen and Ghosh 1966); hydrogen and oxygen have been prepared by the
electrolysis of asaturated solution of warm barium hydroxide and dried by

potassium hydroxide and phosphorous pontoxide.
The pressure has been accurately measured by & calibrated MacLeod gauge
and the magnetic field by a calibrated gauss meter. \
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4. RESULTS AND DISOUSSION

The variation of r.f. conductivity with pressure in transverse magnetic field
1150G, 1350G and 1850G in case of hydrogen and oxygen have been plotted in
figures 2 and 3. In each case it is observed that the r.f. conductivity becomes
a maximum at a certain pressure and the pressure at which the conductivity
becomes a maximum always ghifts towards the higher pressure with the increase
of magnetic field and the absolute value of conductivity diminishes with mag-
metic field for all values of pressure. The experimental results have been entered
in table 1.
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Fig. 2. Variation of r.f.conductivity with pressure for different values of magnetic field;
Hydrogen.

It is evident from column VI that the theoretical deduction H/Py,, = constant
for maximum conductivity i8 well satisfied. From the expression v = wp for
maximum o' g the value of v can be obtained and the results are entered in the
fifth column in table 1. We have then caloulated utilizing eq. (4) the values of
momentum transfer cross section for verious values of magnetic field ranging
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Table 1. Frequency of measurement 2.46 MHz

Gas Magneotic (PH)maz in (Tef)max H|Ppuz
field in mm x 10+18 v n
gauss o.muu.
]llﬁ(i 1.85 1.18 .3222 x 1010 621.6 1.668 x 108
Hydrogen 1350 2.15 985 3791 x 10% 626.9 1.662 x 108
1850 3.06 12 5184 < 1010 618.0 1.6656 x 108
1150 9 1.19 .3222 x 101° 1277 1.893 x 108
Oxygen 1350 1.1 965 3791 x 1030 1228 1.829 x 108
1850 L5 .70 5184 x 101 1236 1.619 x 10®
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of r.f. conductivity with pressure for differont values of magnetic field;

Fig. 3. Variation
Oxygen.
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from 50 to 1850 gauss for corresponding encrgios caleulated from ogq. (4) for
hoth hydrogen and oxygen and the results are plotted in figure 4; for comparison,
the values of momentum transfer cross section without magnetic field by previous
workers aro algo shown in the figure. Tt is noted that for range of clectron onergies
investigated here the momentum transfer cross section when magnetic field is
prosent is always greater than in the absence of the field with, a tendency to inerease
for higher olcetron enorgies. The variation of momentum transfer cross seetion
with electron energy without the maguetic field has boen explained by Forst and
Phelps (1962) and the experimental results are found to be in good agreement.
In the said deduction tho distribution of electron onergios has boon assumed to he
Maxwellian but as no adequaie energy distribution fumetion has been found for
olectrons in u magnetic fiold. no attempt has been made hore to dedice any quanti-
tative expression for the momentum transfer cross scetion in magnetic field.
The incroase of momentum transfer cross section in presence of magnotic field
indicatos more loss of energy by the cloctrons and consequently higher breakdown
voltages will be required in presence of magnetic field. The results are corrobo-
rated by breakdown field measuremonts.
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Fig. 4. Variation of momentum transfer cross section with electron energy.

" .. . . . .
These measurcmonts also provide us with a method of caloulating the cloctron
density; when v - wp, wo have

ned
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The value of » calewlatod by this method has heen entered in the sevently column
of table 1. The near consigtency of the values obtained is due to the fact that
the diseharge current has heen kept constani for the magnetic fields studied here.
The resulty are aldo corroborated hy probe moeasuremonts.

Tt is thus observed that the measiwement of the radio frequoncy conductivity
of an ionisod gas and its variation with pressure in a magnetic field enables vis to
caleulate the plasma paramcters such as electron density and collision frequency.
This measurement combined with, measurement of olectron temperature enables
s to caleulate the momentum transfor cross soction and its variation with eleetron
onergy.
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