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In the previous chapter effect of phase shift on
the scattering cross section was studied. It was also possible

to détermine the scattering cross section. In this chapter a

comparative study of the seattering cross section is made .

One of the very interesting points in this
Particular problem was regarding the use of Born approximation.
It was observed that Born aprroximation can be successfully
applied for determining scattering amplitude. In 1955, Gerjouy
and Stein pointed out that the rotational exeitation cgoss
sections for H2 and N2 in the Bor? approximation can explain

quite satisfactorily the experimentally found behaviours of
thermal electrons in-these gases. In order to understand the
situation more clearly K-Takayanag; (1984=65) made the partial

wave analysis. The same study was repeated by Chang (1970). The
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Born cross‘seétion was decomPosed in to the partial eross section
by expanﬁing the incident and outgoing plane waves in terms of the
partial waves. Each partial wave correspogds to a definite value

of the orbital angular momentum. It has been found that success of
Born aprroximation was first of all due to the long range naturs of
the relevant interaction and secondly due to the faet that the 8
vave, which/is the only partial wave To be distored considerably

in the low energy collision under consideration; does not contribute
appreciably to the rotational transitions. In the Born ap-roximation
for the quadrupole interaetion the change in the orbbtal guantum
nomber { for the scattered electron,was‘either469= 0- (0«0
forbidden) or &Al= ¥ o, More generally, in the scattering of
electrons from a homonuclear diatomic molecule with A = 0 (Ais the
electronic angular momentum of the target molecule around the
molecular axis)e Af can not take an odd intiger. This selection
rule was obtained by evaluating the angular part of the transition
matrix element of the interaction potential which was written
asymptotically in the form

Vfr,9)=2v¢cr) PGC(COS& ) seese s 401

o< Cvemn

where r is the position vector for the scattered electron
relative to the centre of mass of the target; and 0 the angle
betyeen 'F and the molecular axis. The short range part of V

could not be written as in equation 4.1 because of the electron
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exchange interaction of no;llocal ngture. But the seleetion rule
remained valid. In the case of N¥ 0 this was not necessarily the
case. It may be appropriate to mention in passing that for
homonuelear diatomic molecule with A = 0. We had a similar
selection rule for the rotational J for the molecule i.e. AJ = aven
In the case of N\ # 0, however, this rule did not apply, as was
demonstrated by Temkin and Faisal (1971) in the frame work of

so called adiabetie approximations. Their conclusion was consistent
with the study by ftikawa (1972) of the rotational excitation of
symmetrie top molecules in the Born approximation. A symmetric top
molscule rotéting aroung its symmetriec axis was equivalent in many
ways to a liniar molecule with nonvanishing A . Similarly in the
molecule with a non vanishing electron spin such as 02 in the
ground Z state; . AJ 1s not necessarily an even integer (Geltman

and Takayanagl 1966).

2

dominant interaction was the guadrupole interaction. It was

In the electron scattering from H_ or Nz, the

asymptotically written

- g..g- P2 Csos 9 ) se o0 4.2
by
where = ¢ is the electronic gharge and § the quadrupole moment of

the molecules If this intersction is used down to r = 0 agnd if

Born approximation is applied it was found that the major

k!
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contribution to the eross section in the low energy region came

from the jump from the inecident p wave to the outgoing p wave.
The s wave was necessarily combined with the 4 wave since t=0o>
i = 0 is forbidden by the above mentioned selection rule. The d

wave function had a;'appreciable magnitude only at such a distant
region where the interaction 4.2 vwas extremely smalle This was
the reason why the S wave does not contriﬁute to the rotational
transition in gny important way, éxcept in the very viecinity of

the excitation thresold where only the S wave could go out of

the interaction region. In the low energy region, the p wave passes
the target at a falr distance where the interaction was still
appreeciable but not too large, so that the first order perturba-
~tion treatment was aprplicable. This was the reason why the Born

approximation can be used in the present problems

In case of the rotational excitation in-the
electron polar molecule scattering the Born aprroximation is valid
in a wlder energy region than in the electron non polar molecules
scattering . The partial wave analysis for this type of interaction
was made by K.Takayanagi (1988). The gelection rule was AJ = M 1,

Ak = * 1, He observed tﬁat contrarary to electron non polar
molecule geattering, in the electron polar molecule scattering
Born apbroximation was much more reliable even for the collision

energy exceeds 1 e V. Born approximation to point dipole potential

>
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was applied by Altshuler (1957) and to Finite dipole potential
by the author (1972) « Altshuler héd éhown that Born approximation
ean be well applied to the point dipole potential. Though his
calculations gave better agreement with exp;riment 1t could not
give ﬁhe perféct agreement. 4 vériation method for point dipole
rotential was used considering wave function slightly @ifferent
than Born approximation wave function. In the next section the

variational approach to the problem is discussed.

4.2  VARIATIQNAL APPROACH :-

A R S e W W G0 W WD e e W S T S S

‘Though Born aprroximation gave very satisfactory
results for diffusion eross section, it dld not give the perfact
agreement with emperiment. Moreover larger cross section of some
of the molecules like ‘Ha 0 can not be well explained by the Born
apProximation. A variational method has been applied to the
problem. This method was established by Lyman Mower (1955) on the
basis of variation method developed by J.&chwinger (1950) « This

method is described briefly.

Integral equation for the initial wave function

G {r) could be written as
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3
vhere G(r, r) Greent's function

[}
[¢1]

- —-— - - - Sen o e MR

- ‘
for r>>r equation 4.3 could be written as

- JiE ‘
CV,;(I') = e Ki d + f Cn, I’li) gfsz’ soe
r
y P |
vhere f (n, n4) = - m_ gtk e T vir") Qﬁﬂr‘) ar e
oTH

45

By the help of equation 4.3 and 4.6 the expression for f (ﬁs, ﬁi)

may be obtained easily,

AR, 2 "
f (ns, ni) Z - }__{ fe s* T ue’ %-Cr') ar’ +
. 4_"‘{"

A
feiKl' T Ulr) G.4lr) ar - fCV_SCr) Ulr) ¢ (r) ar -

T
/a7 fffr.sfr) Ulr) G (r,r') U (r) W:(r') ar dr'} . 447
where
f(ns, ni) = Exact expression for scattering amplitude.
U ) - g%?.i- v (r)
ndl - -
Kﬁ = Kn; 5 B, = Unit vector in the direction of

incidenceo
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®.5 =  yave function of integral equation 4.3 for a plane wave

incidence in the direction of ( = ns)

A trizl wave function satisfying very nearly (4+3)
should be used to determine the approximate scattering wave

function. This was taken aé
"

e = fo, xm ) oo (4e8)

1 \
C, are unknown constants and

Xn are known functions of r .

The necessary condition that [f (ﬁ;, ﬁi)] be
stationarj with respect to small varigtion of 41(r) and ¢g(r)

about Y (r) and G (r) wvas

................. = 0 se 000 (409)
Coefficiants C, can be evaluated by the help of equation 449,

Application of variation method to point dipole.

n—---.—-—--an—-—n--———-q—--a——-—_a—-—_-———--.—----._

The variation method dliscussed above is applied

to point dipole potential, which was represented as

V ( r ) = - 5 e ess e .ooo‘(éolO)
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Where D = dipole moment of the molecule e z'electrcﬂm'.c charge

and '{.r- Position vector.

A trial function sdlected was slightly difrerent

from Born aprroximation 1is given by

= -5
Cb‘_'(l') = CO ei Ki. r

>
$ . r) yas obtained from®.{r) by replacing vector K, by

-
( - Ks). For simplicity the rotation £ ( 8 ) is used for

[f ( Es’ ﬁi)]. By substituting these values in equation 4.7 angd

performing elementary integration f ( 9 ) was obtained as

£(08) = £ (8) C - @2 2
5 (2 on Cot 2T o (8)] ..a1)
(see appendix I ).
where fg (8) = amplitude by using Born aprroximations
= 2i De n Y
WK

/
Y = Direction Cosine of the dipole axis with XK« K is a wave
A
vector the magnitude of which is glven by Ko [2 (1~Cos @ )T' . 8=

angle between initisl and scattered direction.

TL(O) = g5 (8) K2 dn

J e ek Rk T R

27t frf- K2) (n=X ) (n - K,)

= éé}f- fB ‘( 9 ) . LR I (4_‘12)
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This integration was derived by representing the Greenrs function

in the double integral of eéguation 4+7 in the momentum space i.e.

e R an ceere (4.13)

C = mmme s veess (4414)

which finally lead to an expression

£(0) = g ¢8) (14 -7 (o)) s (aa1m)

-1
The term {1 - To (0 )] was expanded b¥nomially and with

slow electrons the higher powers of K were neglected

£(0) 5 1500) [1+7 ¢ 0)] (4016)

¥ow the differential séattering eross section averaging over the

entire dlpole orientation is represented as

¥ 2
g, = jipl’n:/@ Cl,m)‘ | ¢0)] ®m) an(g.1?)

wvhere ® (1, m) = Rotator eigen function.

P (1, m)= 3€31'01‘:>ab5.3.ity distribution function for non -
degenerate energy states of the rotorj; and

under equilibrium condition is independent of

Tle

r
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1, and m , are orbital and magnatic quantum number. 1 can have

values O to infinity while m 1s the magnetle quantum number,

which is the numerical value of orbital vector 1 of the field
direction. m is an intiger, and have only any of the (21 + 1)

values from = 1 to + 1 including zero.

Substituting the values of £ ( 8 ) from equation

4°16 in to equation 4.17 and performing integration, following

equation-was obtained.
* >3
®(1,m |£(o0,e)] ® (1, m) an =

a(Dew w)% 1 [camz-mz L (L-m®) 7,
(20 +1)(2 +3) (20 -1)(24 +1)

- - - e . .

(Dew/#)0% ((Lem X (R4 m) [ (hog) (L+ g ) .
(24 <1) (2841 ) | (29 -1) (22 +1)

Y W W W AR Sy W e T e g

(0 =1 -m ) <0-1+m)} (41em) (4 +74m)

-~ o -
R S D n = O G mm An A WD G S e B aw W S W B

(l+3) (20+5) (2+1 ) (24+3)
. ce s C4018)

{C!l-l-z'-m) cﬂ+2+m> (0+ 1-3 ) C9+1+m)}]

{ For the method of simpllflcation of this formula see
appendix IT). ‘

Which dn substituting in equation 4+17 simplifying together with

€
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probability distributdon factor gave very lengthy term, hence for

simplicity it is represented as

% = 43 (vew/ WPy (143 (Den/w)¥Bsm]

ses e (4919)

as m takes values from - L to +Z2including zero Agwvas only

§ dependent term and its value was given as

&Q,H"ZZ{AR,M (AQJ‘\M + Ala;l'm) -+ A,Q-H‘\m (Ag+|l-h, + ALl+awm )} PI,“\

l,m T e e e - - cs s (4‘21)
(28 =1 ) (20+ 1)

Momentum transfer ceross section or diffusion cross section was

glven as
%G = / (1 -Cos®) 0. an ceree  (4e22)

substituting the values of Op from eguation 4.19 and simplifying,

followlng equation was obtained

o §;§n"( Dem/#,)" [1"‘3 (Dem/kl)?@n]

eoe [g.23)

vhich is in C. G+ S+ units. In atomie uni’cs'expression was derived

as 3 ' ,
= 2
BT R B (e [i t3(</2) B ] e (2020)
T 42 RY '
O .

vhere of = 2D/ea0'
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The comparative statement for Born caleculations,

Mittleman and Vorhold calculations together with Q% ealeulated
by equation 4.24 is exhibited in table I.
The term useful in the swarm experiment was the

mean scattering eross section averaging over the Maxwellian

distribution of velocity was defined as

o=
(O;CV)> = 4Tr Q:“(V) fO(V) V2 dv es e s 0 o e (4@25)
where '
_ 3/2
fO(V) = (m/2TT kT) exp {— 13.1-\1% ‘l e es s 640‘26)

okT
k is a Boltzman constant . Expression for £ O (v) ? 1is calculated

and is represented below

-1
< Outw) > iation - 348083 421 + 1.1736 L@y ] X 10 4 2
se e (4o27)
The first term in the bracket is due to Born approximation
-1
(c‘;“ (V) > Born = 3.8083 /L‘L X 10 4 cm2 “o e (4.28)

The g in 4.27 is as defined in equation 4.21.
The comparative statement for 4'0;(v) > cealeulated by Born
approximation, variational method together with experimental
values are exhibited in table II. Calculations for £ T (v) D

o
were made for thermal electrons i.e. for which T = 300 K.
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From the study of table II, it was observed that
the cross section for & = 1 showed s maximum valqe{ Forl = g it
decreased and for higher 2 , cross section increaséd very slowly,
hence.a very slow divergence can be observed. As stated in chapter’
II aivergeney of total cross section in many cases was unavoldable
fact of this problem ( Garrett 1971). For L =0 larger cross
section than Born approximation was observeds. The results for 4 = 0
are plotted in graph 1. It was observed from the graph that upto
the dipole moment approximately equal to 2 Debye, variatioﬁal
method gave better agresment for cross section. The Born approxima-
~tion on‘the other hand gave fairly well agreement with éﬁperimental

values throughout the vhole range of dipole moment.

Iooking to the success of Born apvtroximation, this
aprroximation was applied to the problem. Altshuler had applied
Born aprroximation to point dipole potentisl. Here it is applied
to finite dipole potential. Takayanagl and Itikawa (1968) have
studied the finite dipole potential by partial wave method. They
have separated~the waves 1in prolate spheroidal coordinates. It‘was
observed ( Desai and Marw 1972 ) that in the finite dipole
expression,

= . k 1%
v(r) 2 e qZ fﬁéi Px ( Cos § )

N Kodd = ?
for K = 1 case Born approximation was applied satisfactorily. In

E

the followlng section this case is described in detail.
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4.3 FINITE DIPCLE CCRRECTIQON :=

G . WA W W WA B

. In this section an attempt is madé to study the
finite dipole potential, applying Born apprroximation. Consider a
molecule as rigid rotor and the interaction potential between the

molecule and electron is V { r, 7))y Total Hamildsnian of the

system can be represented as

H =T + + + 2 0998 *
o Hfot Hi Hg (4.30)
vhere .
U = Kinetic energy dperator of the electron.
Hrot = Hamiltonian for the rotational motion of molecule.

1 N 3
Hl * = H = Hemiltonian for vibrating and electronic

part of the molecule.

Therefore total energy,

E = I€+w + Ell s e A N ) C4031)
where
K? = Kinetie energy of electron (Incident electron is
free partiele therefore it has no potential
energy) .
Wy = Initial rotational eigen values of the molecule.
£, = Eigen values of vdbrational and eletronic states

of the molecule.

E - = + WS Com 7
HO 1{? Wi + EL T Hrot - H XXEX (4-_'32)

>
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Now Wy = H, i Fepresented the Hemiltonfan and initial rotational
elgen value of the molecule and as intially electron was moving
very fast compare to the rotational motion of the molecule this
part was neglected therefore,

¥

—H = >+ . - - 1 sos *
B-H = K+ §g-7 - H (2033)

when the electron collides with the molecule it will give some
energy to molecule and then molecule will change the rotational
state. The amplitude for this transition from the target state £'

to 4 1s then given by

fnn[(a’ ¢)= -itﬁ<xﬂv%c+’> 00 0 C4'34)

¢
where Cﬁ'q= outgoing wave solution to the integral equation 4.35.

¥ = x + 1
\ o — - - v Cf PR B ) 64_.35)
E-HE , ‘

with initial rotational state 2 .

Xy = Oatgoing wave solution of the final state, when
the scattered electron in plane wave state .( Because at large
distance the scattered electron will again behave as if it is
free particle and will give plane wave jand the molecule in

rotational state

The approximation of neglecting the rotational

kinetic energy in equation 4+35 allowed a factorization of qicﬂas
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+) +)
Y= Y oy
i ‘ W . e o C4036)
—ni’= Rotational eigen function.
(+) .
L”K. = Splution to the scattering prroblem with fixed molecular

1

orientation.
Similarly final state can also be factorized as
' ¥

equation 4.34 will becomes,

4T

*
Loy = f d Ny {- 1. (/\k}v SN } Ny (2037)

of = Rotational coordinates of molecule.

Inner bracket of 4.37 is the eldstic amplitude of fixed molecular

orientation f (K, K, «£) or £ (0,%,7T)

*
£as' (Kp, Ki) = /d-c Ny r (Kf, Ki;c) N gt (4.38)

equation 4.38 is similar to the equation

* ‘ .
fni,(@’ p) = de CP_n (T)f(8,¢,’r)¢75(T)
\ o0 (4039)
used by Altshuler (1957) and derived by Chase (1958).

The scattering amplitude for fixed molecular

orientation {f (B, , T )} may now be obtained from a

solution of equation 4.35 which still contains the vibrational and
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electroniec part of the molecular Hemiltonian. This may be

i

eliminated in effect by representing 4.35 in the q3ual equivalent

potential formalism which suppresses the vibrational and electronie
degree of freedom by introducing a complicated potentisl operator
in the equation of elastic scattering. Evaluation of this operator
is prohibitively difficult except in the limit in yhich incident
electron is well geparated from the molecule. In that’case.the
dominant interaction was the dipole one. Theoretically mor;
correction should be made for quadrupole, octupole and short range
terms, but in all cases the dipole term was found more suitable

for polar molecule eleétron intersction.

Altshuler (1957) and Mittleman (1985) expected
that at low enough energles longest range of part of the potential,
“the dipole part to dominate and so they replaced the entire inter-

action of an electron with point dipole.

The number of excited states of the target
contributed significantly to the total wave function were limited
and therefore the transversal time of the scattered particle through
the interaction region was small coﬁpared to the period of the

target motion exeitable in the collision. The exact expregsion for

the excltstlion amplitude was given by

ﬂ ¥
£4 = - gg e'fner ¢ () v (R, T) ¢ (®, T) &P a1
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o

- ik~ - |
- m_ J[ R S E W (n 1V[>  (4o)
vhere ¢ ( §, T) = Total yave function.

It yas found that in case of dipole, the energy states which were

imnediately above or below in

oo

“(R, T) = S F, (R) & (T)

contributed in fni des n = 11, Consequently if o¢ s

involved in ¢ were limited than so were the exeited states.

Therefore equation 4.39 can be applied formally for all n without
violating the time of passage criterian as a result of this

consideratlon, the total differential cross section may be written

as
g (6 @) =Z£Ilfnilz

.

* ¥
= Z/Hd'r ATy &, (1) &, (T,) £(§ ¢,7) £ (8 & T)

¥ (T) @ T) - 4al
and for the property
, N '
Zq:'n (1) &, (T.] = §CT- To)
= ‘
it was shown that ,
a
Uf (8/ Qp) = de 1{(@) ¢I T)I ¢L‘£T) Seeee A4

wvhich gave the expectation value for the differential cross section

when caleulated with the target coordinates held fixed. If P, 1g°
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the probability for finding tanmget in the ith states then

il

O: (6, &) = Z Pasce ) (4043)

The quantity measured by Townsend swarm method
was diffusion or momentum trandfer cross section and was

defined as

|
Y = /( 1-Cos §)0: (045 an (g.44)

Qy in the probabllity form ca be introduced as

Q = ‘ ( 1~ Cos § )Z P. O, (8 &) N (4e45)

.
For the numericalicaleulation of mome ntum

transfer cross section it was necessary to evaluate £( § < T)

for geattering in the field ofla fixed fipite dipole, in

which two charges + ci'and,- qwere separated from each

other by a distance 2a is

i

i K
V(I‘,T)“""-zeq I'< P
----- (
K3, k Cos )

sas e (4&46)

{
vhere r, and g % _are smaller and greater of r and a, Pk(co-oa)

= Iegendre polynomials. Consider the case for XK = 1, that is

.
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we seek a solution to the problem

b

2m

}'L..

fOI‘ fixed T

v"+vCR,T)}CV
Subject to the

=

>
& (R) ik R 4+ ¢ (0

The exact expression for £ (6

- W= . ce

(R)

¢I

Y (R) {4e47)

LR

outgoing boundary condition,

T) e-_o-‘-_ se 0 {4:‘4._8)
R

T) was given by

1K RV(R T ) Y(R) (4.49)

_The expression for amplitude in Born approximation

was written in the form ( for fiixed T )

m

£00, &)

substituting the values of V(r)

2Th™

e1XeT y(p) &Er (4.50)

= . X
£ (6,9) = m_| [T aeq (re._ P (Cos8)
2mh> K+1 X
I.>
G.Sr
K= ode
For K= 1, this expression reduces to

T

=

£f {(0,9)

u-n—

2Nk

8 o o0

u[]]( =5- giKer P {Cos 8 )

Nk

r__ iK‘rP (053)dr+
-3

dgr]

(4.51)
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on performing the elementary integration and subgtituting

D=2 g a final result is obtalned as

B - - - - o o e - - - —— - -

f(B,c;:) = giDemY/[g(SinKa CosKa)

4 .
where Y = Direction cosine of dipole axls with respect to

S
direction of K
-—-)
K = yave Vector’ the magnitude of WhiCh. is given by
z
Ko [2 (1=2Cos O )—) « It is noted that as a = o

£(0,4) = 2iDemvY

PP 64053)

which is the expression for amplitude for a polnt dipole. Now
the coordinate of target is measured relative to the fixed
direction of K , hence differential scattering cross section

equation 4.43 can be expressed as

; - 2
O = a¢ven/w k)% o |8inka _ cosKa
K> o3 K2 o2
C4,w) I Y ﬂl-n-
J7 fie
= o ?M';-’-

where Py ; = Frobability distribution for non degenerate
enery state of the rotor and under equivilibrium condition is
independent of m. ® (1, m) = Rotator eigen function. Noy

performing elementary in%egration by streight forward way
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it was shown that

o+ .
ZZP]'[l@(»l’m)‘ Cos®v an

L= we.f
(For details of this simplification see appendix II ),

fi

1/3 {4.55)

putting this value in 4.54 the expression for Oy will be

O, = 12 (Dem/ﬁLK)Q{SinKa -COSKaf

- ——— S CRE G W

Now momentum transfer cross section as defined in the last

section was evaluated as follows
’ 0

G = g'ﬁ/(l-Cosé))O'T 8in @ 48

putting the value of O; from eguatlon 4.56
T

9, =eaw(Den/ *)% [ 1-Cosp (SinK a' _ Cosk a)

K g3 K2 a2
SIin ® df eve.(4e57)
Wow expanding SinK a, CosK a in terms of Xa and performing

integration

i 2
QD-“"@;}‘L( Dem/RKo) {I-OozyKiazq-
3 ‘ ,
0.053 K‘i a } (4+58)
which also for small values of Ka —> point dipole results.

. in
In equation 4.58 Qy is in C+G«S+ units, which 134'”3? units

takes up the form



1 _ 12 %
QD = QD - 5@ D,_ - 00065792 D ] (4059)
a2 E
[
7 =18 1 :
where D = D/10 "7, B =E_ X ¢ _ }volt.

(eXlO8 v

(Details of the conversions of units are given in appendix ITI).

In equation 4.59 the cross sectlon was derived

inT ai units and moreover it was converted in guch a manner

?
that Q?D was dependent on snergy Eg. E‘ is in volt unitse

Comparision of results were made with &ltshuler?s caleulations
and Towynsends experiment. The comparative statement for this
quantity is made in table ITT. Q; was calculated for energy
range 0«8 [volt to 1.0[volt. It was observed from the table
that the value of cross section considering finite dipole
Potentlal gave very small correction. Takayanagi and Itikaywa

also observed the same effeet in their ecalculations.

For the comparision of finite dipole results
with the present experimental studies it was necessary to
£ind out the mean cx;oss section <0—;~Cv)7 averaging over

the Maxwellian distribution of velocitiess The exbression for

£ O (v) 2  was given by
) o

: <O-M‘(V)> = 4‘1:‘./0:“(‘;) £, (v vZ ay

b
o

~
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2
fo(v) { m/ o MKT )3/2 e.mv / 2 KT

Maxwellian distribution factor.

fl

From equation 4.53 neglecting the third term of the bracket

the velocity dependent O, (v) was derived by substituting

K = mv/+H

0

- o -

= h*

O.(v) 8T (Dem/ H)2 { 375 T O.q azi(e&.so)
3

- substituting this value of ¢ (v) in the exPression for <G, (v)>

was

i

{C.tm7 = Lo tw) Jn = 3:2(Dem/K)®  (4.61)

3
Here the temperature of gas taken was 300°K. The caleculations
could made for different values of T also, but generally the

experiments are performed for thermal electrons for which D =

BOOOK « Moreover for polar molecules the experimental values

of (U'MCV)> at various temperature were not available.

The comparision of the results for <0—u (v)?
for finite dipole together with Born approximation and
experimental values are made in table IV. It was observed

that here also correction terms were very small.

The study -of Q; ana {0, (v)) by finite dipole
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confirmed that Born aporoximation to this potentizl can be
‘ well applied . Born approximation to point dj_poie potential
gave better values hence the proint divole potential was found
more useful in this problem. The advatage of finite dipole
potential was to have the poténtial resonance effect in the

. 3
expression of Q:D N

\ , 2
The expression 4.58 for QD takes up the form

in atomic units as

QD::B(D)aouo 1—001(K 2
= 'E"'é'"" D ) 2l (4.62)
KO) Qelle
7 2 ) 2
QD =8 "I'Lit"“ [1 = 0.1 K' A’“J (4+83)
o
k 4
where M = - Dipole moment in ea units. Ko = K 1in atomie
. o

uni‘bs .

;It was observed that equation 4.63 represents the

resonance effects of course the value of minimum dipole moment

’ 2
T
comes out to be largee TIn case of Ko = 0.1,: ¢ A& )min = 7 ea

¢

This was expected due to oub original approximation of K= 1 -
in the expression for finite dipole potentiale It was observed

that at 4 = 10 and for K% = 0.1, Q,; = O« Thig result yas

ke b

duei\fact that we had dropped IIIrd term of equation 4.538.The
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2%
results for X' = 0.1 1s represented in praph 2.

The finite dipole expression though reduced the
momentum transfer cross section by a very small amount, it
gives the possibility of bound states in the dipole fiel&-
Point dipole pc\)ten‘tial had no such possibility. A point dipole
together with the consideration of some short range force

could give the bound state.

Though the point dipole had disadvantage of hot
having bound states, its success for the satisfactory agreement
of diffusion or momentum transfer cross sectlion is unavoidable
facts In the next section short range force §f coulomb one
centred potential field is super imPosed on the point dipole
field. Short range force varies from molecule to molecule. &n

attempt was made to see the effect of attractive and repulsive

'short range force.

4+4 SHORT RANGE FORCE :=-

For the numerical caleulations of diffusion
cross section, it was necessary to evaluate £ ( Q,CE T) in

the field of a fixed point dipole with short range screened

conlomb potentizl. This is given as

V() = < e Der_+ B ~XT {4.64)
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vhere + sign to second term indicate‘s that short range term
is repulsive while negative sign indicates that it is attractive
A ig screening constant, 1s equal to 1/1‘8,.1'S is sereening
length. B is a parameter which is different for different
molecules.

Sehrodinger equation can be written in the form

GR) = {_ R+ v (8, T) } % (R) (4.65)
- om »

for fixed T. The expression for scattering amplitude in Born

approximation was

£ (8ad) = « B eiK"rV (r) ¢ r

substituting the value of V (r) we get in case of attractive

potential .

£(8¢)= m GlKer e D:r B e {7 &y

2Ti> 23 T
i e T 2T
£ (6 ¢)=m eiK'r )
/ peeg « T 2
ST > , -;-« r® dr Sinf
o T 4 °° a0 ae

+ JJJ ol¥ T B ov4T 2 gp sin8 a0 a¢
. r *
& o © )

performing elementary lntegmation we get

——— T W WX oy - - ———

£ (0 &) = 21Dem¥2_‘ gmB(
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Differentigl scattering cross section averaging

over the entire dipole range is

O1 = &8 (Deonw/ 1" k)2 + 4 (uB/5% )2 ( 1/824 <)
(4487)
The diffusion or momentum transfer eross section turn out to
be

0. (v) = gj_i_‘(l)em/t\}'Ko)z_z(mB
= n_2

2 - 2 "
Elog (4Ko L /) - 4K‘i / 4K§ +-Cl] (4.88)

It is seen from the above equation that inecrease of attractive
short range potential has the same effect as the inecrease of
dipole moment. As the value of B inereases the cross section

moves btowards smaller values of D. Finglly the expression for
the mean seattering cross section obtaln as

(G V= L6ty 1e-2TePPTa 5 )
‘ (Al Tl

LN (4'69)

{0y 4157 or (e /h)*
‘ 3 p

3.8083 D% x 10714 2



For a repulsive screeniné short range potenﬁiall the value of

i

L0, (v) ) becomes
<U\MCV)>=ZO-\M(V)> a1t t QTFGPQ\/?F ( ;_-ﬁf )
) q 4

(4+70)
Comparative statements for these potentials are given in table
'V and table VI. Attempt was made to calculate Y (v)> for
thermal electrons. The éaloulations could be made for different
values of temperature also but as the experimental evident for
different temperatures does not available thge calculations for
this case is avolded. It can be observed from table V and vI
that the consideration of attractice short range potential

reduces the Altshuler?s cross section while repulsive potential

jnereases the Altshulerts cross section.

The correction term due to short range attractive

potential is
- 2 mae P2 T { l - J’E- )
q 4

while due to repulsive short range potential it is

+ o G Pz\j?—,: (l--ﬁi)
\ 2 q. 4

}
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here P = 2m , yhich means that second term decreases
h4 '
with the inerease of o y Moreover G = m B , °q =‘Jj;
’ Ladadadndadaded - 3 o -
2TK T 2 KT

also suggests that with the inerease of T second term decreases

and reduces the repulsive cross section while inecreases the

attractive cross section.

D -

r
one centre coulomb potential. In order to see the .qualititive

feature of the effect of short range Potential the mean momentum
transfer cross section vas calculated, for some typical values
-of B and . When an electron is isolated from molecule, and is
far from the rest of the system the wave function decays'in a
radial direction, approximately as ewir where Z is the
effective charge and r is the distance from the centre of the
molecule. In this case the sereening factor in the potential
was Toughly proportional to e"22T . hich means that < = 2 Z.
If 7 1s taken as mnit charge < = &. The reasonable value of B
was expected to vary from molecule to molecule. Firgtly B vas
taken as 2 that is B = 1 a.u. and € = 2 geus Then as
exhibited in table & %nd 8 for fixed ¢ , various values of B
was considered and the effect of short range attractive and

Tepulsive force was agcounted.
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The value of B require for exact agreement with

experiment was also calculated, which is exhibited in table 7.

Farther it was observed that for some of the
groups of molecules, for better‘agreement:with exberiment an
attractive short range force was required while for some group
the repulsive foree was required. For Ledogen derivetive of
Methone, Estér, Alxyl Halide, Amine, &4lcohol group repulsive
force gave the better agreement. For Cynogen, Aldihide and
Ketone group the attractive forece gave better agreement. This
may due to certain similarity in the molecular structure and
the charge distribution in the molecules In general for organic
and inorganic polar molecules, the molecules having dipole
moment legs than ( £ 2.74 ) repulsive force was found
suitable‘while for the molecules having dipole moment (= 2.74)
the attractive short range foree was the better fit for agreements
with experiments. It ywas further observed that for some of the
organic group of molecules the value of » B » aprroximately
remains same for the whole group while for some of the group
the major variation for B from molecule to molecule was
observed. The graphical representation of this efféét is

exhibited in graph 3, 4, .

& very few attempt of short range force for

:‘

polar molecules are madei Bordman and Smmpnathe ( l464 ) used
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the sereening potential in place of Pure dipole potential in

the form

) - - ,
veér = e DI oaxp ¢ -r/rs ) (4¢71)

!

they thought that screening effect was due to the pressure‘of—
the gass As expected they found the value of cross section
lower than unscreened case. lakayanagi and Itikdwa had also
tried thg coulomb tyo centred short range force to finite dipole
potentials They have accounted total cross section for dipole
fielde. 4 very systemetle épplication of short fange force for
CN, HCl, CO molecule was made by Itikawa (1969). For CO molecule
considering inter atomic distance Itikawa found that short range

force takes up the form

/

v V2 e B.09
S'R - Gy
2" eXP (= 1.597 ) - 8:71 Hxp ( ~2.11r )

r
cen e c4072)

Considering élose coupling method the cross section
for rotational transitions was calculated. For making the
comparision with Coulomb one centred short range potential the
attempt was made to calculate L O, y)) + It was observed
that‘though, our shoft range potential was crude, it gave better

value over the Itikawa po?ential-
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In summing up the discussion a very general
remark can be made that the point dipole potential super

imposed by the short range force §_g::if with proper

cholce of B, is the best fit potential for accounting the

eross sections for slow electron polar molecule collision.
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the trial function

For <O—w,(v) >

variational’
Yolr) = Co eiKi'r is used
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- - -
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No. Molecule Dipdl: O (x;r)),,,‘,u G e {C, D
?gégzbye x 1071 cm2 X G em ey
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-y g W g g g W
e g e g N g W L W g ey TR L W o Tm T g g W g g
LA NS R Rl R S RN R Bl Sl Bl Sl Bl it S Bl - » »
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‘ 1 24061

2 1.292

3 1.457

4 1499
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9

1545
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15 1.85 23.87 13.034 13.0323 0.001648
16 1494 17446 14.333 14.331 ‘0.001993
17 1438 1333 13.460 13.458 04001758
13 2.03 13.93 15+694 164692  0.002390
19 2.05 19.6 . 16.008 16.004 0.002485
20 2.08 20.22 160476 16473 0.002634
21 2612 20433 | 17.116 17.113 0.002340
22 274 . 26449 ,53-591 230533 0.007934
23 2:73 25.62 233833 25.375 0.007818
24 277 28,99 29.221 29.221 00008343
25  2.37 30.35  31.369 31369 0.009548
26 3+03 29.59 34964 34.964 0.00185
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23 398 4359 59721 59721 - 0.03460

29 4403 4369 61.351 61.814 0.03711

30 4408 4334 62775 62737 0.03322

31 3.3 31.02 410473 41458 0.01668
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No. Dipole [BI No. Dipole | B
moment moment
in Debye. in Debye

1 0e483 52 19 2.05 10437
2 0O. 62 6.07 20 2.08 10.59
3 0.91 50909 21 212 - Q.656
4 1.00 6362 22 2474 : 7.932
5 107 : 9.819 23 273 9. 078
6 125 . 8.007 24 277 2629
7 1.30 7.164 25 2487 5522
8 le41 12.36 26 3.03 12.69
9 159 15.92 - 27 339 21.13
10 1.63 11.39 23 3.96 2.9
11 1.66 10.03 ‘ 29 4403 23032
192 1.70 34517 30 4.08 23.81
13 1470 Te't27 31 33 1769
14 1.77 7343 32 0.13 2.159
15 1.85 17.34 33 0.164 4.603
18 1.94 677 34 Oel13 De346
17 1-38 12.27 35 148 11.95
13 2.03 9.342

. S MR W - O O e W TR A S M S R U Gm M KD e WY W e o e e ST O WS ST O wR W M S e M Ee e T e

N.B. For molecules No.1 to 21 and 8 to 35 for the agreement with
the experiment Repulsive short range force should be considered
while for molecules No.22 to 31 attractive short rangs force
should be considered.
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e . 4 - - -

Detailed calculations of equation 4.11

S G GE WL e T e W D W O W W G A W e M M S s CE R W W R A e M g T GO e

Our aim is to solve the equation 4.7 for a point

dipole potential.Bquation 4.7 ig given by

-

-5

[f(nsa ni)] = - 1/411‘{ fe-lKS.r’ Uty @ (et o
oy ’

JelKi'I‘ U{r) @.s(r) ar - f(i{.sfr) U(r) &, (r) ar -

l/4ﬂ/fq’—s(r) Ulr) Glryr’) Ulr') o (r") ar ar’ }

Here (. (r) is the wave function represents a

solution of integral eguation 4.3 for a plane wave incident in

the direction (=ng). As a trial wave function we have taken

-+ o
Polr) = Gy eMT, y(r) = - eDCos @ UM = gm_ v,
ER r2 h
Ps(r) = ce"iKser

{4) PFirst erm of equation 4.7 turn out %o be
- - e *
- ? H]
ho=- 1/41Tfe YT Uty @t g
substituting the values and performing elementary integrations

ve get I, = Cofy €0, f£5 (8)= Ayplitude using Born

¥

aprroximation = 21 Den?Y /

h K
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. 3
(B) 12 = = 1/4T7 J( o1Xs.r Ulr) @.s{r) ar'=C,f, ( O )

B

]

(c) IS /47t J Y r) Ulr) ¥.(r) dar = - C% f5 ¢ 8 )

i

(D) 1'4 1/16“"[[ @ lr) Ulr)c (r};") Ulr') w:(r') ar ar'

For the integration of this term

. . S, T
GCr,r’) = 4 T an elne (rer )

2
2 o -
CO { fB(B) } I‘{? ‘‘‘‘‘ Qg‘- : Cog-,'(.ei (n bl Ks)or d!‘
o T+ e k2 T2
o=l (n-K.l) T Oog ’_ ar’
gosx
r
= a2 *
L=c2 {e (o)} @ an

- " - - D D TE mm . e S W G D S g G WD g T an O W WS R
- -

(0-i®) (n-Ky) (n - K)
This integration is determine applying Cauchy's theorem according
to which

?chz) @& = 2T iZResidulé of £ (Z)

the integrand has poles at n = K and n = -K but since we integrate

rom O to ©° we take only n = K we get I = ¢2
from O to we take only we geb 1, =Gy (81T ¢ 6)

T,00) = £,00) K [.. _______ am__ . = £y (K«

2me
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Simplification of equation 4.55

. - .- Ty e = s W o o W W o e -

We wish to simplify equation

ZZ f}@(ﬁ,m)‘ Cos®¥ g

win - A

® (1,m) f{%ﬁfll-fi‘:@)} JPn:i (Cos 8) eim(P
202+ |m| )

Where Py {(Cos 8 ) =

1 Associated Tegendre function

Now CosY®(Lw) = @ ({+1, m) Cq + @(4L-1, mw) G

. where Clsj\{ﬂl*l-m)(!l*l*m)}
' (28+1) (2d +3)

R A g B - R .-

{2l =1) {21 +1)

(9]
N
il
Lo
e
1
=
L —
Lo N
<
+
=
| U

2 - :
2
Cos Y\@(ﬁ ol = OF 'Q“‘l, m) C?‘ + 2C, 02® (0+1,m) @ (2-1, m) +

<
C2® (-1, n)

P
(COSQY’@CQ,m)} am = Cf]@L(Q*’l,m)d.ﬂ_ +

2C, CQJO{OQ, m) ©® (!2-1, m) + C f@ (L -1 m) an

on integrating by straight forward way we get

N J
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1 aaaZios g (L T

cff@‘wn, m) 4N = g - (4 47)2 2
' {20 +1) (22 +3)

2C4 G2I® (9+1,m) @ (2-1,m) an = Zero

c§j®"cﬁ~1, m) an = ¢ =A-n®

. ‘
f\@) 4w )| anx cos?e - (f.fl?..z.-:.mz L (25 g?

® 9
/Zﬂ P/‘O(Q,n)} Cos®r an

we . f
Z Z (f—'ﬁlf--- 2, L.p?
(24 +1) (20 +3) (20 -1) (24 +1)

Now putting the value of
: Pl= 1/29~+1 we get

X
. #
it v
*-I
0
w =~
+
[
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We wish to convert momentum transfer ceross section

Q, in Ta® units. Qj is given in C.G.8. units as
= - ks 2 - 2 2 4 4
e 81T ( Dem/Hh KB) %‘ 1 O-éKB a® + 0.53 K a

considering first term 8T (Dem /'Hlks)g

3
= 3T 1% e2 42 B 2
3 ““;;;" ‘émé" where K. = om B/
putting m o2/ 4> = Va, where a_ = Bohr radius, E may be
converted in volt unite
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putting the values of C (Velocity of light) and e -and on

simplifying we get the first term = 5.6 CD’)a /BT 2
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Similarly second term will be = 0.006579 o3 ai and

- ’
third term = 0.253 X 10 5¢ )8 ai
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