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ELECTRON MOMENTUM TRANSFER COLLISION FREQUENCY
IN Ny, O3 AND AIR

l. INTRODUCTION

The electron momentun transfer collision frequéncy plays a significant

role in thé determination of the conductivity in weakiy ionized gases. It can

be determined if the moméntum transfer cross sections and the electron
velocity distributions are known. However, there appears fto be several ways
of obtaining the electron momentum transfer collision frequency depending on
the approprizte applications.

In this report we calculate the electron momentum transfer collision
frequency Um assuming a Maxwellian electron velocity distribution, using the
most current cross sections. We coumpare these results with éach other as well

as with othar calculations.

2. THE ELECTRON MOMENTUM TRANSFER COLLISION FREQUENCY

The concept of the momentum transfer is most useful in ionized gases
under the influence of the electric field, where the velccity distribution is
distorted by the action of the field. Under these conditions vh is obtained
from the following equation1 where the electron velocity distribution is

assumed to be Maxwellian

1 8 jur 5/2 2 v3 mvz
<?;> N Gk i o(v) X (= 3 v (1

Here, N, indicates the density of the atoms or the molecules, c(v) the

momentum transfer cross section and the rest of the symbols have their usual

Manuscript approved May 1, 1985.
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meaning. The definiftion given by (1) hecomes obvious whea one is interested

in the electron mobility p where

1
Bo=— (2)

BHilo
B

In Eq. (2) one requires the avéraging of Vo to be made where the cross section
is in the denominator. Expression (1) is obtained from the general moment

equation for any velocity distributiom, £(v), where2

3
1. bnv_  of 3
>4l 3o(v) év (3

jr}

Here A is thé normalizatior é¢onstant i.e., JE(v)dv=l. On the other hand, one

can also define the momentum transfer collision frequency as

8 o Mt 5 2
Wege” =377 Vo G ) Vo) Exp (= o) dv )
o

where the velocity distribution is Maxwellian. Obviously the same definition
of distorted velocity distribution (see Eq. (3)) is utilized in Eq. (4): 1t
is therefore, of interest to compare the momentum transfer collision frequency
calculated using both definitions of Eq. (3) and (4). 1In addition, one can
also define um in the usual manner for a given velocity distribution with no

external force imposed on the plasma electrons, that isj;

v, * B ) 4nv3o(v)f(v)dv (3)

where B is the normalization constant.
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We utilize the elecrron =N, momentum transfer cross section given in Ref.

fad L

(3) to calculate the appropriate collision frequencies, Voo Vegs and vy as
defined by Eq. (3), (4) and (5), respectively. The results are given in Table
1 for an electron energy range of 0.1 to 50 eV.
The momentum transfer cross sections N, for electron energies higher than
\ 20 eV show an apparent disagreement (see Ref. 3 for details), where several
appropriate curves can be drawn beyond 20 eV. The results of Table 1, which

are sbown in Figs. la and lb are based on the calculations of Shyn, et ala.

However, this cross section 1s slightly 1lower than the most recent

Qgh

a

- A . 5 . . . ; .
méasurements of Shyn and Carignan™. However, this does not affect thé results
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: In Fig. 2 we compare our results for v, v .. and v with the

eff
calculations of Itikawa6 for vm and “eff for a Maxwellian electron velocity
distribution. The agreement is excellent. We further compare our results
7

with the Swarm data obtained by Englehardt, et al . The disagreement. between
the Swarm result and the calculartions could be as high as 100% in some
regions. This discrepancy 1is clearly due fo the fact that the electron
distribution in a Swarm experiment is nor Maxwellian. On the other hand the
calculated results of Vefs and v, seex to get closer to the Swarm data for

Ie < 1.0 eV where electron molecule collisions are dominated by elastic

coliisions rendering the distribution Maxwellian.

4. THE ELECTRON MOMENTUM TRANSFER CROSS SECTION IN 02

The momentum transfer cross section for 0, is in a better shape, at high

energies, compared to rhat for N, (see Ref. 3). The data by Shyn and Sharp8

?

are in reasonable agreement with the data obtained by Ali3 from the tfotal
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?f elastic cross section of Wedde and Strand?. Using these data we calculate
g 1 i 2
Vo Veff and v, and the results are given in Table 2,
5. THE ELECTRON MOMENTUM TRANSFER COLLISION FREQUENCY IN AIR
To obtain the collision frequency in air we emphasize the calculation of :
Vo (see Eq. 3) where in the averaging process the cross section is the i }
fﬁﬂ denominator. Table 3 shows the results for v_ withg_ . =0.8¢g, + 0.20, .
oy m air N, 0,
e 3- ,-'

.y

2y
A4

Furthermore, we use the results of Table 1 for Vo in N2 and 09 and combine

¥
Y

them as 0.8 ”m(NZ) + 0.2 vm(O?). These results are also shewn in Table 3. An
interesting result, at least 1in this case where the distribution is

Maxwellian, is that the results, obtained both ways, are in excellent

agreement,
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3.8 1.18€-07 1.356-07 1.026-07

3.9 1.19€-07 1.36E-07 1.04E-07

4.0 1.21€-07 1.37E-07 1.05E-07

4.1 1.22E-07 1.38E-07 1.06E-07

4.2 1.23E-07 1.39€-07 1.07E-07
r 4.3 1.25€-07 1.80E-07 1.08E-07
E 4.4 1.26E-07 1.41E-07 1.10E-07 ?a
% 4.5 1.27E-07 1.42E-07 1.11€-07 é%
§ 4.6 1.28E-07 1.436-07 1.12€-07 ) g%
E 4.7 1.29€-07 1.44E-07 1.13€-07 . §§
% 4.8 1.30E-07 1.44E-07 1.14E-07 éﬁ
: 4.9 1.31E-07 1.45E-07 1.15E-07 gﬁ

5.0 1.32€-07 1.46E-07 1.16E-07 w2
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Table 2 (Cont’d) — vp, /Og, Vegr/Og and v, /04 fci Og

Te Vn/%2 Vers/% va/%
6.0 1.40E-07 1.51E-07 1.236-07
7.0 1.45E-07 1.54£-07 1.29€-07
3.0 1.48E-07 1.55€-07 1.34£-07
9.0 1.50€-07 1.56€-07 1.37€-07
10.0 1.50E-07 1.56€-07 1.40E-07
11.0 1.50E-07 1.56E-07 1.42€-07
12.0 1.49E-07 1.55€-07 1.44E-07
13.0 1.475-07 1.538-07 1.45£-07
14.0 1.45E-07 1.52£-07 1.46€-07
15.0 1.42E-77 1.50E-07 1.46E-07
16.0 1.396-07 1.48E-07 1.46E-07
17.0 1.36E-07 1.46E=07 1.46E=07
18.0 1.33E-07 1.44E-07 1.46E-07
19.0 1.29€-07 1.426-07 1.46E-07
20.0 1.26E-07 1.40€E-07 1.46E-07
21.0 1.22£-07 1.37€-07 1.45E-07
22.0 1.19€-07 1.35€-07 1.45€-07
23.0 1.16E-07 1.336-07 1.44€-07
24.0 1.12E-07 1.31E-07 1.436-07
25.0 1.09E-07 1.29€-07 1.42€-07
26.0 1.06E-07 1.27€-07 1.41E-07
' 27.0 1.03€-07 1.24€-07 1.41E-07
28.0 1.01E-07 1.22E-07 1.40€-07
29.0 9.81E-08 1.20E-07 1.39€-07
30.0 9.57E-08 1.18E-07 1.38E-07

11
- - N -

"
A

v
RERE I WA oA ‘..;“. hd

N AT N e e e S - -'-‘ Ay

A e R T, \\ -x\:\-.\ '~‘u AEARS AT

‘Qﬁésﬁ“ AR \ RTINS SR S LA TR .‘\.‘x‘w"\ 3'}.j
. - CALAN ] A\L.A‘




L'l'
s
N

TR AT I

L%
7l

Pt |
AN
S0
U2 RS R

Table 2 (Cont’d) — vy, [Oq, Vegr/Og and v, /09 for Og

Vp/ 02 Vors/02 va/0,
9.35€-08 1.16€-07 1.37€-07
9.13€-08 1.15€-07 1.36E-07
8.93E-08 1.13€-07 1.35€-07
8.71E-08 1.11E-07 1.34E-07
8.57€-08 1.10€-07 1.336-07
8.38E-08 1.08E-07 1.32€-07
8.24E-08 1.06E-07 1.31E-07
38.0 8.08E-08 1.05€-07 1.30E-07
39.0 7.94£-08 1.03€-07 1.29€-07
40.0 7.81E-08 1.02€-07 1.28E-07
41.0 7.67E-08 1.00E-07 1.27€-07
42.0 7 .56E-08 9.90E-07 1.26E-07
43.0 7.40E-08 9.74E-08 1.25€-07
34,0 7.33E-08 9.64E-08 1.24E-07
45.0 7.23€-08 9.49E-08 1.23€-07
46.0 7.13E-08 9.55€-08 1.22E-07
47.0 7.04£-08 9.25€-08 1.21E-07
48.0 f.95E-08 9.18E-08 1.20E-07
49.0 6.84E-08 9.06E-08 1.19€-07

6.78E-08 8.95E-08 1.18€-07
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Table 3 — v, /N, in air

T v /N, 0.8y /N, + 0.2 v /0,

0.1 1.43E-08 1.41E-08

BRI | nat o QUL 2oy
At el e T e e .
't (E FUE ULV At Sl 0 J > G}

S I ) Y
Lz Jyoagnri ot A

3
0.2 2.53£-08 2.51E-08 §¥ﬁ
;;\.-?

7"‘"
iy
lr.l’l"

0.3 3.44E-08 3.41E-08
0.4 4 ,30E-08 4 .26E-08
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0.5 5.162-08 5.12E-08
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0.6 6.03£-08 5.97E-08

0.7 6.88E-08 6.81E-08

P Rt

0.8 7.69E-08 7 .60E-08
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0.9 8.44£-08 8.34E-08

|~ £

1.0 9.14E-08 9.02e-03
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1.1 9.76E-08 9.53E-08

oguagan
e
v

AR

B abmgley

1.2 1.035-07 1.02E-07

i
gl

1.3 1.08E-07 1.06E-07
; 1.4 1.12€-07 1.11E-07
1.5 1.16€-07 1.15E-07
1.6 1.20E-07 1.18€-07
1.7 1.23e-07 1.21E-07

1.8 1.26E-07 1.24E-07
1.6 1.28E-07 1.26E-07
2.0 1.31E-07 1.28E-07

2.1 1.33€-07 1.31-07
2.2 1.35€-07 1.33E-07 R
2.3 1.37€-07 1.34€-07 T
2.4 1.38€-07 1.36€-07 -

N
.
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1.40E-07 1.38E-07 =4
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Table 3 (Cont’d) — v, /N, in air

To vm/No 0.8 vm/N2 + 0.2 vm/O2
2.6 1.41E-07 1.39E-07
2.7 1.43E-07 1.40E-07
2.8 1.44E-07 1.42E-07
2.9 1.45€-07 1.43E-07
3.0 1.47E-07 1.44E-07
3.1 1.48E-07 1.45E-07
3.2 1.4GE--07 1.46E-07
3.3 1.50€-07 1.47E-07
3.4 1.51E-07 1.48E-07
3.5 1.52E-07 1.49E-07 -
3.6 1.52€-07 1.50E-07
3.7 1.53E-07 1.51€E-07
3.8 1.54E-07 1.52E-07
3.9 1.54€-07 1.52E-07
4.0 1.55€-07 1.53E-07
4.1 1.56E-07 1.54E-07
4,2 1.56E-07 1.54E-07
4.3 1.57E-07 1.55E-07
4.4 1.57E-07 1.55€-07
4.5 1.58E-0n7 1.56€-07
4.6 1.58E-07 1.56E-07
4.7 1.59€-07 1.57E-07
4.8 1.59¢€-07 1.57E-07
4.9 1.59z-07 1.58E-07
5.0 1.60E-07 1.58E-07
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Table 3 (Cont’d) — vy, /N, in air

vm/N

0.8 vm/N2 + 0.2 vm/O2

7.0

8.0

Q.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
2:.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0

T . W

‘-_"Q.' .ﬁ'.~.-.- ~ - e
b, b

0

1.61£-07 1.60E-07

1.61€-07 1.59€-07

1.60E-07 1.58€-07

1.586-07 1.56E-07

1.55€-07 1.54E-07

1.526-07 1.51€-07

1.49-07 1.48€-07

1.46E-07 1.45€-07

1.43€-07 1.42€-07

1.40E-07 1.396-07

1.37€-07 1.36E-07

1.34€-07 1.33€-07 -
1.31E-07 1.30E-07

1.28E=07 1.28€-07

1.26E-07 1.25€-07

1.236-07 1.226-07 B
1.21E-07 1.20E-07 iS5
1.19€-07 1.17E-07 ;;f
1.16€-07 1.15€-07 S
1.18E-07 1.13€-07 ﬂfgj
1.12€-07 1.106-07 B
1.106-07 1.08E-07 o
1.07€-07 1.06E-07

1.06E-07 1.04E-07

1.04E-07 1.03E-07
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Table 3 (Cont’d} — vy, /N, in air

Te vm/N0 0.8 vm/Nz + 0.2 vm/Oz
31.0 1.03E-07 1.01E-07
32.0 1.01E-07 9.94£-08
33.0 9.92E-08 9.77e-08 ]
34.0 9.77E-08 9.61E-08 _
35.0 9.62E-08 9.47€-08
36.0 9.48t-08 9.33E-08
37.0 9.34£-08 9.19€-08
38.0 9.21£-08 9.07E-08
39.0 9.18E-~08 8.94E-08
40.0 8.96£-08 8.82E-08
41.0 8.85E-08 8.70E-08
42 .0 8.69E-08 8.60€E-08
43.9 8.57E-08 8.48E-08
43.0 8.52E-08 8.38E-08
45.0 3.42E-08 8.25E-08
45.0 8.32E-08 8.19E-08
47.0 8.23t-08 8.095-98
43.0 8.14E-08 8.01E-08
49.0 7.79E-08 7.91E-08
50.0 7.83E-07 7.83E-08
3
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