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Abstract
In this work we study mean drift length during a semi wave of the CW radio-

frequency fied the behavior of the diffusion particles in the pure Heium gas whose
plays important role in production of the lam
ps such as glow lamps and gas lasers through the calculation of the transport
parameters which are w, p, and D by solving numerically transport egquation and
feeding it to computer program which is construction to calculate the following
parameters. E/Psy, S, DN, Dp, n,c, |, w, a, S, (fn,P), (fn,P)*, wip and p/w for
energy ranges 0.121° 10" £ E/N £ 0.303 " 10™ V.cn’ at temperature 300°K..

These parameters represented as functions for their variables whose shows a good
agreement with experimental and theoretical data.

Keywords: Boltzmann transport equation, Boltzmann relation (plasma physics,
radio wave).
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1-Introduction rather than a single callisions, this
The procedure is to find one or collisions occur between the neutral
more transport coefficients for
an assembly of electrons in the Particles and electrons having a
gas. In experimental conditions are rlatively  wide distribution  of
chosen to ensure a very large number energies; this electrons received
of collisions in the collision chamber theenergy from, such as, electric field

or Xx-ray, e€tc., which is produces
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ionization inside diffusion chamber
containing gas.

We can using the approach through
the solution of the Boltzmann equation
for the motion of an dectron swarm
drifting and diffusing through a gas in
the presence of an dectric fidd has
been discussed by many authors.

In general, the energy distribution of
the swarm is determined by the ratio
E/N, the gas temperature T, and the
dastic and indastic collision
processes between the dectrons and
the molecules of the gas, which is, the
swarms of eectrons absorb the energy
to produce dectronic excitation. The
collision processes controlling the
energy distribution were therefore
limited to an exchange of kinetic
energy between the dectrons and
helium atoms so that the momentum
transfer Ccross  section alone
determined the distribution.

The using of the computer
techniques to the analysis of the
results of eectrons swarms is the
factor chiefly responsible for the
greatly increased accuracy that can
now be claimed for the calculations of
the diffusion parameters. Accurate
formulae for the energy distribution
and for drift and diffusion of an
electron swarm moving through a gas
in the presence of a uniform dectric
field have been known for many years.
But before the availability of
computers the only practical approach
to the problem of extracting collision
parameters from the transport data was
through the use of somewhat drastic
assumptions. In the earlier approach
(eg. Huxley and zaazou 1949;
Crompton and Sutton 1952) formulae
for diffusion and drift were developed
on the assumption that the energy—
dependent momentum transfer cross
section could be replaced by an
effective mean value for any given
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energy distribution corresponding to a
particular value of the ratio E/N of the
dectric fidd strength to gas number
density [1-8].
2-Theory Deduction

We know the total number n of
dectrons contained in the diffusion
chamber over gpatial coordinates is
given by [9]:

-t

n=n,e™" )
where t |, is related to the radius of
the chamber, R and height H of the
chamber by the expression:
a5 67U (2)

R o

1 € p o
— =D =
t11 gH -2Sg@
where H-2S is the effective height for
diffusion since the dectrons within a
layer of width S at both dectrodes are
immediately captured, if S represents
the mean drift length during a semi
wave of the CW radio-frequency fidd:

&l ®

S=—

w
where W refers the drift velocity to the
maximum value reached by the
sinusoidal eectric fidd in a period
2p /w, which is the (capture by any
eectrode of the eectrons contained in
an adjacent layer of thickness S) and
W is the semi wave of the CW radio-
frequency fidd.

We can deduce the reduced

diffusion coefficient, D from the
equation (2) which is:
D,, =DN (4)

or we can find the DN values
obtained by multiplying the D/n data

by the corresponding nN, which is
[10]:

W
= 5
E/N ©)
where
D,
DN=="nN (6)
m
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(")

therefore, by using the same procedure
for DN we can find DP;
wW

=— 8
E/P ®)
hence:
D,
DP=—"nP 9
m
substitute Eq.(8) into Eq.(9) yidds:
bW 10
mE/P
where D/nr is the characteristic

energy of the gas and E is the dectric
fidd strength.

From the expression of drift
veocity W in the case of a
Maxwellian distribution and
d /dc=0, we can find the n values,
which is:

w=0852" -085-& @
m C mn

and

n:F (12)

where e is the dectronic charge, m is
the dectronic mass,| is the dectron
mean free path n is the collision

frequency, ¢ is the mean speed of the
eectron in the swarm whose defined
by the formula [1]:

1
c=593 10?3%2 (13)
Mg
The drift velocity of the eectron is
obtained according to the
assumptions:
One the veocity  variation
Dc,. between two successive

collisions, due to the acceerating fied
E, are small with respect to the

thermal velocity ¢, i.e., Dc. << c.
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Two the indastic collision frequency

n. issmall with respect to the dastic

in
collision frequency ng, i.e, N; <<
N, . The drift velocity is obtained by

two successive steps. (@) theories
deducing W(c) from the first-order
expansion of F(c,v) which is define by
the expression:

(14)

where ¢ is the magnitude of the
veocity v is the angle between ¢ and
dectric fidd E, W is the drift veocity
and F(c, v) is the velocity distribution
function of the dectrons in a gas. (b)
theories deducing W(c) from the study
of generic eectron motion.

Three the mean free path (I ) is
independent of the thermal velocity c.
Theories of type (@) make use of
lorentic  treatment  of  dectric
conduction in metals. According to the
atreatment above, first, two, and third,

\¥
W = 6@ ccosv F(c,v)dcdv

give us.

w :%% (15)

since;

a= e (16)
m

where a is the accderation of an
eectron (or ion) of charge e and mass
m, and subjected to an eectric fidd E.
Drude derive the expression for
obtained the drift veocity which is

[11]:
al

W(c) e

The first theory of Langevin who
assumed for the mean displacement Sc
in the direction of E, the expression
corresponding to the equation (17), in
the case of a generic path S which is
define by [12]:

(17)

SZ

P P |
SE_(Ea)t _Eac_z (18)
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The Langevin averaged over the
distribution of free paths whose
defined by:

S
P(s)ds=- d—r:] —lle ''ds (19)
where dn is the number of eectrons
colliding between s and s+ds. And
multiplied by the mean coallision

frequency |£ (he assumed | = const.

and Dc. << c; obtained:

W(c)=al /c

From the above, the drift velocity
values have been calculated by using
the solution of numerically transport
equation, in this situation, indeed,
there is other condition which is
equivalence between oscillating and
constant fields, this condition implies
a reationship beween CW radio-
frequency fidd period and
thermalization time (fn Py)™, this time
we can derive below.

An energy balance equation is:

de = -nfedt + eEWdt (20)

. c . .
Since v:|— is the collision

frequency, | isthe mean free path, e
represent the mean kinetic dectron
energy and f is the fractional loss of
kinetic energy per collison. By
integration the EQ.(20) through the
time t,-t;, and the mean value of the

energy interval (e,+e,)/2
gives:
1 €ame 0 @ @
tp-ty =@ - e Inf—- ey )
M e e 2}
WE fn.e
. 172
to -t = ! In PO (21)
faPo  ME g e
PO 171

Since P is gas pressure at temperature
0°C, nyis callision frequency at P=1

Torr and fn 1is deduced from EQ.(20)

in equilibrium equation condition and
assuming a Maxwellian distribution:

fn, = oe -2 / (22)
POeQaq 3% D %q
fn,p=EEW0 zgae““Eo 23)

e e % 3&D/
(fn,P)? :;__ (24)

28WE ¢

3%D/m5

where (fn,P) ! is called a relaxation

time constant, which is required by
fast dectrons (produced, such as, by
X-rays) to reach practical equilibrium
energy.

From the above therefore, when the

W2
condition —2£1O'2 is satisfied the
Vv

sinusoidal fied is eguivalent to a
rectified full wave fied (in order to
heat eectrons). It is sufficient that the
thermalization time constant be not
smaller than a half period p /w of the
aternating field

1 3 B (25)
fn,P w

to obtain an energy ripple of (7.5%).
When the oscillating fidd s
equivalent to a constant fidd E of
amplitude egual to the effective value
E,/2"? of the sinusoidal fidd. If this
condition is always assumed, then

2
Y £107 (26)
n
Where W is angular frequency which

is define by the equation:

w = 2pn 27)
w
—£0.1 (28)
n

from Eq.(25) and Eq.(27) imply:
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fn,Pp £w
0.lpn,P£w

1P
e g 0

(29)

Where the fractional loss f of kinetic
energy is.
f £0.1p (30)
3-Transport Equation solution
The evaluating of the drift velocity of

the dectron in the dectric fidd based
on the mathematical theory in pure gas
and/or gaseous mixture which is the
physical theory depend on the
mathematical rdation for Boltzmann
transport equation, this relations are
resultant for numerically solving to
this equation, the transport parameters
are result for above and had be
obtained:

P
W=— (3D

En,
where W is the drift velocity, P is the
time rate which is the dectron acquire
the energy from the dectric fidd E
and ng is the total eectrons density,
which is equal 2.5146x10"%.

R
== (32)

where 7 is the eectron mobility.

(33)

o 1

3emb a qsss(ek)
k

[o}
<e>=genDe/n,
k

where D is diffusion coefficient, m is
eectron mass, s is the concentration
of samples Ns, S (is éastic scattering

cross section and f, is distribution

function, e, is the characteristic
enagy and <e> is the dectron
average energy[13]. The above
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parameters are obtained by solved
numerically transport equation
solution [14] asin table (1).

The units of using of the above
parameters are practical units which is
for drift velocity is cm/sec, mobility is
cm?/V.sec, diffusion coefficient is
cné/sec, average energy Ae  and
characteristic energy, e, are eV, the

distribution function is V¥ and s

is cn.

4- Calculations

After  we solved numericaly

transport equation and obtained the

above parameters as in table (1). This

parameters fed to the computer

program  (gppendix A), which

constructed to this purpose to calculate

thefollowing, which are:

1- The ratio of dectric fidd strength
to the gas pressure E/Pyyn is
calculated from the equation:

E _E g5 100t
Py N T

(34)

where E/N in unit of (V cm?) and
E/Pin unit of (V cm™ Torr™).

2- The mean drift length during a
semi wave of the CW ratio —
frequency fidd S is calculated
from the Eq.(3).

3- The reduced diffusion coefficient

DN is calculated from the Eq.(7).

The reduced diffusion coefficient

DP is calculated from the Eq.(10).

5- The collison frequency n is
calculated by:

It is possible to state that the
correct factor is 2/3 multiplied by
the ratio between the average of
lc ove, as assumed, a
Maxwelian distribution, and the

mean velocity c, which gives
1.275. Theresult is:

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

. & Tech. Journal, Vol.29, No.12, 201

Mean Drift Length During a Semi Wave
of the CW Radio-Frequency Field

1.275° 220.85 . For the factor 2/3,

for example see [11] PP. 287.
From the above, we can say, from the
Eq.(112):

w=0s8°" —085.&
m C mn
nmW = 0.85e
n=08°%
mw

1.602° 10 ®°c 1

n=0.85 YT
9.109" 10 3'kg W

n=0.85"1.759" 10*ckg !~ 1
W

n=085 1759 1Gcgm’ v_lv (35)

6- The mean speed of the dectric ¢
is calculated from the Eq.(13).

7- The dectron mean free path | is
calculated from the Eq.(12).

8 The angular frequency W is
calculated from the Eq.(27).

9- The accderation of an dectron or

ion (a) is calculated from Eq.(16).

10- The mean displacement Sg of the
eectron in the direction of E is
calculated from Eq.(18).

11- The reaxation time constant
(fn,P) is calculated from
Eq.(23).

12- The reaxation
(fn,P)* s
Eq.(24).

constant
from

time
calculated

p

—adre
w

13- The value of w and

calculated from the Eq.(27).

The units of using are practical
units which are: E/Psy in unit of Vem
Y Torr®, Sin unit of cm, DN in unit of
cmsec?, DP in unit of cm? Torr sec?,

N inunit of sec?, ¢ in unit of cm sec’
1| in unit of cm, W in unit of sec?,
ain unit of cm sec?, St in unit of cm,
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( fn,P) in unit of meec™, ( fn,P)™ in
unit of neec, W in unit of meec?, and

p

w

The physical quantities are obtained
from the above are tabulated in tables
(2-4) and represented as a functions
for their variables as seen in figures
(1-38).
5-Results and Discussion

In this work the results obtained by
using the Finite-Difference method to
solve the transport equation in gaseous
medium, e ¢ Hdium gas are
agreement with practical data, [9].

Figure (1) show the mean drift length
during a semi wave of the CW radio-
frequency fidd as a function of the
radio applied dectric fied to gas total
number density E/N and gas pressure
E/Psyp in a pure hdium gas, which is
increasing the layer thickness up to
0.1x10° cm because the dectrons
acquires the more energy from the
applied dectric fidd, but after this
thickness theincreasing is linear.

Figure (2) shows the layer thickness
during a semi wave of the CW radio-
frequency fidd as a function of the
drift veocity W in a pure helium gas,
which is, the relation between them is
linear.

Figure (3) shows the layer thickness
during a semi wave of the CW radio-
frequency fidd as a function of the
angular frequency in a pure heium
gas, which is the layer thickness
reduces with angular frequency
increasing.

Figure (4) shows the diffusion
coefficient increasing up to 0.1x10%
(cm™ sec™) with drift veocity is
constant but after this value, the
increasing is  exponential  with
veocity.

in unit of nsec.
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Figure (5) shows the increasing of

the diffusion  coefficient  with
characteristic energy.
Figure (6) show the reduced

diffusion coefficient is constant up to
0.1x10® (cm™ sec?) but after this
value, the DN increases with E/N.
Notice the good agreement with
experimental values[9].

Figures (7-9) show the reduced
diffusion coefficient as a function of
the (E/N, E/Ps, W and D/p), from the
curves we can see the exponential
reations for increasing the DP with
their variables. Notice the good
agreement  with experimental values
[9].

Figure (10) shows the callision
frequency reduced in linear form with
drift velocity increasing.

Figure (11) appear collision
frequency reducing with a function
increasing E/N and E/Psy.

Figure (12) appear eectron mean
speed increasing with E/N and E/Psy
is exponentially.

Figure (13) shows the dectron mean
speed increases in rapid form and at
final becomes stable with increasing
of the D/p.

Figure (14) appears the mean free
path increase with increasing of the
E/N and E/Psy in linear form.

Figure (15) shows the mean free path
increase with drift velocity, i.e, the
distance of the trave by dectron
becomes large.

Figure (16) shows the angular
frequency is reducing with E/N and
E/Pa.

Figure (17) shows the angular
frequency is reducing in linear form
with drift velocity increasing.

Figure (18) shows the linear relation
for the increasing of the dectron
acceeration with E/N and E/Px.

Figure (19) shows at low values for
dectric fidd, the dectron acceeration
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increases, but at large values for
dectric fied, the dectron acceeration
stable nearly.

Figure (20) shows at low values for
E/N up to 0.455x10™ V cn?, the
mean displacement is very low, but at
E/N=(1.214-4.55)x 10" V cn?, the
mean displacement is gradualy
increase and at E/N=(12.14-30.3)x 10
8V cn?, the mean displacement is
rapidly increase.

Figure (21) shows the dectron mean
displacement is increasing with
increasing of eectron accderation.

Figure (22) show at E/N=(0.121-
0.455)x 10" V cn?, the relaxation
time constant of the eectrons is low
but at E/N=(1.214-30.3) x 10"V cn?,
the relaxation time constant is very

large.

Figure (23) shows when the dectron
average energy increases from
0.04898 ev (corresponding,

E/P3o=0.39x10% V cm® Torr?) to
1.6298 eV, the relaxation time is
increasing until 1.6298 ev
corresponding, E/Ps=97.663x107 V
cm* Torr™,

Figure (24) shows the applied
dectric fidd to gas total number
density E/N and gas pressure E/Psq as
a function of rdaxation time constant
of dectron, starting from E/N=30. 3 x
10" V con? & E/Py0=97.663x107
V.cm® . Torr™.

Figure (25) shows the dectron
average energy as a function of
relaxation time constant of eectron,
starting from <e >=1.6298 eV.

Figure (26) shows the rdaxation time
of dectron angular frequency starts
from w/p =11.222x10° psec* and
take decay form to the ending.

Figure (27) shows the relaxation of
eectron angular frequency starts from
p /w=0.002x10° psec* corresponding
to E/P3x=97.663 x102 V cm™ Torr?
and take decay form.
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6- Conclusions
The drift veocity W is given by

W=VM(c)f,(c,)dg [11] is  not
0

subjected to the  simplifying
assumption used by the previous
theories sec.2, where W(c,) refers the
drift velocity of eectrons having
initial velocity ¢, and f (c,)is initial
distribution function. The quantity
W(c,) compared with W(c) Eq.(17)
obtained by the various theories
mentioned is sec.2, and gives the same
result. The validity of Eq.(17) not only
for low fields but also for high fieds
and can be extended even to indastic
collisions by simply considering | as
the actual mean free path

corresponding to the total (Elastic +

Inglastic) collision cross section,

which is fed as input data to solve

numerically transport equation.

The dectron density sampling
method [9] was measured the drift
veocity W and of the mobility
nm=W/E and of theratio D/, from
which D=mn(D/n).

This above quantities and others

obtained by using Finite-Difference

method and compared with it, i.e, the
calculated values are agreement with
experimental values.
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Table (1): Thecalculated transport parameters for
pure— Helium at 300°K

E/N E W Din | <e>
(V.em?) | (viem) | (cm/sec) | (ev) | (eV)
Eq.(31) x10° | Egs(32
x10"8 Eq.(31) | *®
0.121 3.041 0.267 0.034 | 0.0489
0.182 4.575 0.473 0.035 | 0.0518
0.455 11.428 0.877 0.043 | 0.0609

1.214 30.519 1.666 0.075 | 0.1103
1.82 45.754 2.074 0.100 | 0.129
4.55 114.38 3.307 0.208 | 0.2796

12.14 305.19 5.342 0.519 | 0.6638
18.2 457.54 6.500 0.759 | 0.9678
24.3 610.90 7.571 1.015 | 1.3093
30.3 761.74 8.454 1.250 | 1.6298

Table (2): The calculated physical quantities

Bl % % 6L % me' 8
o o N
zX ﬁﬂgt, e X 5% | g z%, | & 57
Wel Zgx | T E e |08|6F
°© S § § © b =
> > 1] (5]
o
0.12 0.390 5.610 35.262 .015 .074 .023
1
0.18 0.586 3.158 19.850 .0476 .090 .028
2
0.45 1.466 1.705 10.712 1636 .082 .025
5

121 3.912 0.897 5.638 .5908 103 | .011

1.82 5.866 0.720 4.525 .9166 114 .035
455 | 14.665 0.452 2.841 23282 | .151 .047
121 | 39.129 0.279 1.753 6.0941 | .228 .070

18.2 | 58.661 0.230 1.445 8.9962 | .271 | .084
243 | 78323 0.197 1.238 12.230 | .316 | .098
30.3 | 97.663 0.176 1.106 15287 | .348 | .108
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Table (3): The calculated physical quantities

EIN | E/Py W, | (P P
vem® | ( fan) p W
cm? | Torr? Al
Vel | Tom | mecta0® | et | x| e
x10° x10 x10°
0.121 0.390 1.6032 11.222 0.623 .00008
0.182 0.586 4.1835 6.317 0.24 .0001
0.455 1.466 15.583 341 0.064 .0002
1.214 3.912 45.0669 1.794 0.022 .0005
1.82 5.866 63.1962 1.44 0.015 .0006
4.55 14.665 120.8935 0.904 0.008 0.001
12.14 39.129 209.244 0.557 0.004 0.001
18.2 58.661 261.1494 0.459 0.003 0.002
24.3 78.323 303.688 0.394 0.003 0.002
30.3 97.663 343.5957 0.352 0.002 0.002
] A EfN
10 3
] s ESP
1 3
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0.01 2 r
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Figure (1): The mean drift length during a semi wave of the CW
radio-frequency field as afunction of the E/N & E/Psyin a pure helium gas.
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Figure (2): Thelayer thickness during a semi wave of the CW r adio-frequency
field as a function of the drift velocity W in a pure helium gas
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Figure (3): Thelayer thickness during a semi wave of
the CW radio-frequency field as a function of the angular
frequency in a pure helium gas.
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Figure (4): The diffusion coefficient as afunction of the drift velocity in
apurehelium gas.
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Figure (5): Theelectron reduced iffusion coefficient DN as afunction
of the diffusion coefficient to the electron
mobility ratioin a purehelium gas.
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Figure (6): Theelectron reduced diffusion
coefficient versus E/N & E/P300. Notice the good
agreement with experimental va[9].
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Figure (7): Theelectron diffusion coefficient
versusE/N & E P300. Notice the good agr eement
with experimental alues[9].
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Figure (8): Thedectron diffusion coefficient
asafunction of thedrift velocity in a pure helium gas.

2425

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

. & Tech. Journal, Vol.29, No.12, 201 Mean Drift Length During a Semi Wave

of the CW Radio-Frequency Field

DP (em2 Tarr/sec) x107

Collignn freniiencv n (cee-1x 103

Collignn freniiencv n (cee-1

1
01 4
A
0.01 A .
0.01 0.1 1 10
D/ (eV)

Figure (9): The electron diffusion coefficient as a function
of the electron mobility ratio in a pure helium gas.
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Figure (10): The Collision frequency as a function of drift
velocity in a pure helium gas.
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Figure (11): The Collision frequency as a function of
the E/N & E/P300in a pure helium gas.
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Figure (12): The mean speed of the electron as
afunction of the E/N & E/P300in a pure helium gas.
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Figure(13): The mean speed of the electron asa

function of the electron mobility ratioin a pure

helium gas.
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Figure (14): The mean free path of the electron asa
function of the E/N & E/P300in a pure helium gas.
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Figure (15): The mean free path of the electron asa
function of drift velocity in a pure helium gas.
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Figure (16): The semi wave of the CW radio-frequency
filed asa function of the E/N & E/P300in apure
helium gas.

100

10 4

1

Angular frequency w (sec-1) x103

01 1 10

Drift velocity W (cm/sec)x105
Figure (17): The semi wave of the CW radio-frequency
filed as afunction of drift velocity in a pure helium gas.
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Figure (18): The acceleration of an electron as
afunction of the E/N & E/P300in a pure helium gas.
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Figure (19): The acceleration of an eectron asa function
of electricfield strength in a pure helium gas.
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Figure (20): The mean displacement of an eectron asa function of E/N &
E/P300in a pure helium gas.
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Figure (21): The mean displacement of an electron asa function of the
electron acceleration in a pure helium gas.
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Figure (22): The E/N & E/P300 as a function of
therelaxation time constant in a pure helium gas.
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Figure (23): The Electron aver age energy as
afunction of thereaxation time constant in a pure helium gas.
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Figure (24): The E/N & E/P300 asa function of
therelaxation time constant in a pure helium gas.
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Figure (25): The Electron aver age ener gy as
a function of therelaxation time constant in a pure helium gas.
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Figure (26): Theratio of w/p asa function of
therelaxation time constant in a pure helium gas.
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Figure (27): Theratio of p/w as a function of
therelaxation time constant in a pure helium gas.
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Appendix A
Computer program (Fortran language) for CW radio-frequency calculation
dimension EN(10), DU(10), E(10),W(10), E(10),EE(10), V(10),

W1(10),DN(10),5(10),DP(10),EP(10),C(10), H(10), A(10), SE(10), F(10), F1(10),
T(10), T1(10)
real K,K1
data EN/0.121E-18,0.182E-18,0.455E-18,1.214E-18,1.8E-18,4.55E-18, 12.14E-18,18.2E-
18,24.3E-18, 30.3E-18/
data E/3.041,4.575,11.438,30.519, 45.754, 114.387,305.199,457.548, 610.902,761.742/
data W/0.2665E+05,0.4774E+05,
0.8767E+05,1.6657E+05,2.0739E+05,3.3073E+05,5.3415E+05,6.4998E+05,7.5708E
+05,8.4541E+05/
data DU/0.0337,0.0348,0.0429,0.0752, 0.1001,0.20862,0.5194,0.7592,1.0153,1.2495/
DATA EE/0.0489,0.0518,0.0609,0.1103, 0.1290,0.2796,0.6638,0.9678,1.3093,1.6298/
Tg=300.0
le (S) Electronic Charge
Ik Boltzmann Constant
ITg Gas Temperature
IE TheApplied Electric Fidd (V**-1 cm**-1)
w The Drift Veocity (cm sec**-1)
IE/N (EN) The Ratio of Applied Electric Filed To Total Number Density of Molecules (or
Atoms) of Gases
ID/U (DU) The Ratio of Diffusion Coefficient To The Mobility (V)
'E/PSOO (Ep) The Ratio of Applied Electric Field to Gas Pressure (V cm**-1 Torr**-1)
Callision Frequency
!Wl Angular Frequency
IS Mean Drift Length
IDN Diffusion Coefficient
IDP Reduced Diffusion Coefficient

IC Mean Speed of The Electron
H Mean Free Path of The Electron
1A Acceleration of The Electron

ISE Mean Displacement In The Direction of The Applied Electrical Field E
IF Relaxation Time Constant
IF1 Inverse of Relaxation Time Constant
IT Ratio of Angular Frequency To Pi
IT1 Ratio of Pi To Angular Frequency
open (6,file="f:\xx1.dat")
write(6,*)’ Table (1) '
write(6,*)" - '
write(6,1)
1 format(/,5%, 'E/N',9%, 'E',10x, 'W', 9x,'D/U',8x,'<e>")
write(6,2)
2  format(/2x,' 2%, ', 2X, " 12X, 2, D)
do31=1,10
3 write(6,4)EN(I),E(1),W(1),DU(1),EE(l)
4  format((5(2X,E9.3))
write(6,5)
5 format(/)
Icalculation of the ratio of applied eectric field to gas pressure (V cm**-1 Torr**-1)
do61=1,10
6 EP(1)=966.951E+16*EN(I)/Tg
Icalculation of collision frequency
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do71=1,10

7 V(1)=0.85*1.759E+08/W(I)

Icalculation of angular frequency
do81=1,10

8 W(I)=2.03.14*V/(l)

Icalculation of mean drift length during a semi wave of the CW radio-frequency field
do91=1,10

9 S()=2.0*W(I)/W1(l)

Icalculation of diffusion coefficient
do 10 1=1,10

10 DN(D)=DU)*W(1)/EN(I)

Icalculation of reduced  diffusion coefficient

do111=1,10
11 DP()=DU()*W()/EP(I)
write(6,12)
12 format(32X, Table (2)',/,32X,"----------- )|
write(6,13)
13 format(/, 13X,'Coallision’, 3X, '‘Angular’, 4X,'Mean drift', 4X,'Diffusion’, 6X, 'Reduced’)
write(6,14)
14 format(3X, 'E/P300',4X, 'Frequency', 2X,'Frequency',5X,'Length’,8X,'Coeff.',5X,'Diff. Coeff.")
write(6,15)
15 format(/2x, ' "2X, " "L 2X, " 2%, ' 2X, 2, D)
do 16 1=1,10

16 write(6,17) EP(I),V (1), W1(1), $(1),DN(1),DF(1)
17 format(3(2X,E9.3), 2(4X, E9.3), 5X,E9.3)
Icalculation of mean speed of the electron
Do 181=1, 10
18 C (1) =5.93E+07*DU (I) **0.5
Icalculation of mean free path of the electron
DO 191=1, 10
OH M =C MV (1)
Icalculation of acceleration of the eectron (or ion)
Do201=1, 10
20 A (1) =1.759E+08*E (1)
Icalculation of mean displacement in the direction of the applied electrical field e

Do211=1, 10

21 SE (I) =0.5*A (D*S (1) **2/(C (1) **2)
Write (6, 22)

22 format (/, 22X,'Table (3)', /, 25X,"--------- )
Write (6, 23)

23 format (4X, 'Electron’, 5X, 'Electron’, 8X,'Mean’, 10X,'Electron’)
Write (6, 24)

24 format (2X,'Accderation’, 2X, 'Mean Speed', 3X,'Displacement’, 4X, and 'Mean Free Path’)
Write (6, 25)

25 format(/2x, ' "2X, " ', 2X, " '3, D)
Do 261=1, 10

26 write(6,27)A(1),C(1),SE(1),H(1)

27 format(3X,E9.3,5X,E9.3, 5X, E9.3, 7X,E9.3)

I Calcul. Of relaxation time constant (thermalization time)
Do281=1, 10

28 F (1) =(2.0/3.0)* ((W(1)/1.0E+06)*E(1)/ (DU(1))

Icalculation of inverse of relaxation time constant
Do291=1, 10
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29 F1 (I) =1.0/F (I)
I Calcul. Of theratio of the angular frequency to f1
Do301=1, 10
) =7.0*(W1 (1)/1.0E+6)/22.0 30
Icalculation of the ratio of pi to the angular
frequency
Do311=1, 10
31T1()=10/T ()
Write (6, 32)
32 format (/, 25X, Table (4)',/,25X,'--------- )
Write (6, 33)
33 format (/, 3X,'Relaxation’, 5X,'Inverse)
Write (6, 34)
34 format (6X,'time, 6X,'Relaxa. Time',
3X,'Ang. Freq./Pi",4X,'Pi/Ang. Freq.")

Write (6, 35)

35 format(/2x, ' 22X, " Y, 2X,
' ,3X,' )
do 36 1=1,10

write(6,37)F(1),F1(1),T(1),T1(1)
37 format (3X, E9.4, 4X, E9.4, 5X, E9.4, 7X,
and E9.4)
Stop
End
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