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CHAPTER IV

THE STUDY CF DIFFUSION CROSS SECTION

4.1 INTRODUCTION

In the previous chapter effect of ghase shift on 

the scattering cross section was studied* It was also possible 

to determine the scattering cross section. In this chapter a 

comparative study of the scattering 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 approximation can be successfully
\

applied for determining scattering amplitude. In 1955, Gerjouy 

and Stein pointed out that the rotational excitation cross 

sections for H2 and Ng in the Born approximation can explain

quite satisfactorily the experimentally found behaviours of 

thermal electrons in these gases* In order to understand the 

situation more clearly K.Takayanagi (1964-66) made the partial 

wave analysis* The same study was repeated by Chang (1970). The
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Born cross section -was decomposed in to the partial cross section 

By expanding the incident and outgoing plane -waves in terms of the 

partial -waves* Bach partial -wave corresponds to a definite value 

of the orbital angular momentum* It has been found that success of 

Born approximation was first of all due to the long range nature of 

the relevant interaction and secondly due to the fact that the S 

■wave, 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 approximation 

for the quadrupole interaction the change in the orbital quantum 

number t for the scattered electron was- either -0(0^0 

forbidden) or A8 * Z 2* More generally, in the- scattering of 
electrons from a homonuclear diatomic molecule with A® 0 (A is the 

electronic angular momentum of the target molecule around the 

molecular axis)* A£ 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

7 C r, 8 ) - £ \ Cr) C Cos 6 ) ..... 4*1
Cv-e-n

where r is the position vector for the scattered electron 

relative to the centre of mass of' the target? and 8 the angle 
between r and the molecular axis* The short range part of 7 

could not be written as in equation 4.1 because of the electron
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exchange interaction of nonlocal nature. But the selection rule 

remained valid. In the case of A f 0 this was not necessarily the 

case. It may be appropriate to mention in passing that for 

homonuclear diatomic molecule with A = o. We had a similar 

selection rule for the rotational J for the molecule i.e. aj “ even

In the case of A / 0, however, this rule did not apply, as was 

demonstrated by Temkin and Faisal Cl97l) in the frame work of 

so called adiabetie approximations* Their conclusion was consistent 

with the study by Itikaya (1972) of the rotational excitation of 

symmetric top molecules in the Born approximation, k symmetric top 

molecule rotating aroung its symmetric 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 0g in the 

ground £ state; , AJ is not necessarily an even integer (Geltman 

and Takayanagi 19@6).

In the electron scattering from H or N , the2 2
dominant interaction was the quadrupole interaction. It was 

asymptotically written

P (Sos 9 ) ..... 4*2
ji1-' 6

where - e is the electronic charge and Q the quadrupole moment of 

the molecule* If this interaction Is used down to r - 0 and if 

Born approximation is applied it was found that the major
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contribution to the cross section in the low energy region came 

from the jump from the incident p wave to the outgoing p wave.

The s wave was necessarily combined with the d wave since ^ = 0 ->

$ = 0 is forbidden by the above mentioned selection rule. The d 

wave function had appreciable magnitude only at such a distant 

region where the interaction 4.2 was extremely small. This was 

the reason why the S wave does not contribute to the rotational 

transition in any important way, except in the very vicinity 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 fair distance where the interaction was still 

appreciable but not too large, so. that the first order perturba- 

-tion treatment was applicable. This was the reason why the Born 

approximation can be used in the present problem*

In case of the rotational excitation in the 

electron polar molecule scattering the Born approximation is valid 

in a wider energy region than in the electron non polar molecules 

scattering. The partial wave analysis for this type of interaction

was made by K.Takayanagi Cl9ss)« The selection rule was = - 1,

= t 1. He observed that contrarary to electron non polar 

molecule scattering, in the electron polar molecule scattering 

Born approximation 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 Cl9s7) and to Finite dipole potential

by the author Cl9?2)« Altshuler had shown that Born approximation 

can be well applied to the point dipole potential* Though his 

calculations gave better agreement with experiment it could not 

give the perfect agreement. A variation method for point dipole 

potential was used considering wave function slightly different 

than Born approximation wave function. In the next section the 

variational approach to the problem is discussed.

4.2 VARIATIONAL APPROACH

results for diffusion cross section, it did not give the perfact 

agreement with experiment. Moreover larger cross section of some 

of the molecules like 'H 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 

LfC (r) could be written as

Though Born approximation gave very satisfactory

• a a * ^ *3
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■where GC r, r ) = Green’s function

- e1K lr - r-1.
• • • • • #

|r - r |

1for r >> r equation 4.3 could be written as

4»4

^Cr) e 1Ki • r + f (n, n±)

r
4*5

where f Cn, ^) » - m
27T^x

f -* -#»
iK n. r -trr *\r., 1 n 1e VCr ) CjJt-(r ) dr • • 4*6

By the help of equation 4.3 and 4*6 the expression for f <n n )
s7 i

may be obtained easily>

f (V O - - i..{ fe‘1ICs- r' c(r') gv<r’) dr' +

4TT L J
/ -4 —v /•

I r U(r) <V_sCr) dr - I fy.s(r) U(r) q'; Cr) dr

■ 1/4TT JjV-/r) UCr) G Cr,rT) u Cr) qz-Cr1) dr dr? J ..
4*7

where

fCng) n^) * Bxact expression for scattering amplitude#

U Cr) 2 m
*V“ V Cr)

K, s Km ! B. - Unit vector in the direction of 
incidence *
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9-s - wave function of integral equation 4.3 for a plane wave
incidence in the direction of C - n )

s

k trial wave function satisfying very nearly (4*3)

should he used to determine the approximate scattering wave

function. This was taken as
x

& Cr) * £ Cn 2^ Cr) ... (4*8)
1 1

Cn are unknown constants and 

Xn are known functions of r .

The necessary condition that Cn
5'

stationary with respect to small variation of 4\.Cr) 

about Vt-(r) and ty-sCr) was

n.)1 he 
1 J

and $.sCr)

f ( n_. njjs» “i‘

*Cn
(4*9)

Coefficiants G^ can he evaluated hy the help of equation 4.9.

Application of variation method to point dipole.

The variation method discussed above is applied 

to point dipole potential, which was represented as

V C r ) ~ “ ““q” e ...» (4®i0)* rd
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VJhere D - dipole moment of the molecule e * electronic charge 

and "r - position vector*

A trial function selected -was slightly different 

from Born approximation is given by
•4 —y

4\Cr) - Gq e1 Ki* r

Hij(r) was obtained from^Cr) by replacing vector K± by

C - K ), For simplicity the rotation f ( 6 ) is used for s
[f ( ngJ n^)] . By substituting these va3-ues in equation 4*7 and 

performing elementary integration f ( 6 ) was obtained as

f C B ) ' h ( 9) C2°0- C® + C2 To ( 8 )] ..(4.11)

Csee appendix 1 )•

where f B C 0 ) * Amplitude by using Born approximations

= 2 i D e m v '

/

Vk

Y - Direction Cosine of the dipole axis with K* K is a wave

vector the magnitude of which is given by ^2 £1-Cos 9 )]* • ^ * 
angle between initial and scattered direction*

*0 C 9 ) - fB C 8 )
2 7T1

" fB -( e )2 B

dn
fn2- K2) (n-K ) Cn - K.)

S i
(4*12)
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This integration •was derived by representing the Green’s function 

in the double integral of equation 4.7 in the momentum space i.e.

O £r,r') = 4JI feln- < T ~ r'>
2 TTa dn

C n2- k2 )
<4®13)

By the help of equation 4.9 and 4*11 we obtained

G = ____ 1____
0 1-1(0) 

o
which finally lead to an expression

(4*14)

f ( 6 ) - fB ( 9 ) [3/1 - M fi )] ...  C4.15)
_ -1The term ^ ® J was expanded b£nomially and with

slow electrons the higher powers of K were neglected

f ( B ) 1 fB ( B ) [l + Tq ( Q ) J C4.I6)

Sow the differential scattering cross section averaging over the 
entire dipole orientation is represented as

<T_ ” ^^pl,m I © (l,m) 1 f ( 8) | © Cl,m) dA (4.17)

where © (1, m) = Rotator eigen function.

P (1, m) = Probability distribution function for non - 
degenerate energy states of the rotor? and
under equilibrium condition is independent of
m*
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1, and m , are orbital and magnatic quantum number. 1 can have 

values 0 to infinity -while m is the magnetic quantum number,
i

which is the numerical value of orbital vector 1 of the field 

direction, m is an intiger, and have only any of the C2I + l) 

values from - 1 to + 1 including zero.

Substituting .the values of f C 6 ) from equation 

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

equation was obtained*

j © { l,m) | f C 0 , ) 1 ® (1, m) d-fL **

4 (Bem/f)2 1
«■* M*K2

/ <5+1)2 nr
(2 11 +1) (2 +3)

C
(2 1 -1)(2# +1) 

..

( D e w/t? )2

(2 11 -l) (2 t +1 3 1 C22 -1) C2 2 +1)

11 + ^+i“m) c * +1%)<2 2 - 3 ) C 2 2 - 1 ) [ (2* +1) (2 « + 3)

^2 i + 3 ) ( 2$ + 5 ) C25 + 1 ) (2s + 3 ) ,

. •• C4.18)

C For the method of simplification of this formula see 
appendix II).

■Which 6n substituting in equation 4*17 simplifying together with
4 ,
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probability distribution factor gave very lengthy term, hence for 

simplicity it is represented as

^ - 4/2 C D e m/ t>1 )2 j/%2 £1 + 3 ( B e m / t,1

....(4*19)
as m takes values from - i to + £ including zero was only

j) dependent term and its value -was given as

& y*
® ^ ^ ^ 2v* + A |-i "m ") ■+ A£-hwi (A fi + f- )} h,>

Ai_ . ft - in ) ( « + m ) 

(2^ “1 ) C2 0 + 1 )
(4*21)

Momentum transfer cross section or diffusion cross section was 

given as

QD 3 / (1 - Cos 0 ) O'*, d A (4»22)

substituting the values of CF,. from equation 4*19 a m simplifying, 

following equation was obtained

«D ' §7-C D e m / )2 ^ + 3 C S e m/ t,l)2/St]

••• C4.23)

viiich is in C» G* S• units* In atomic units expression was derived

as

vlier e

%±±l

IT a® 
o

_ (2/3)°^ ri+ 3 (•c/2)2&b 3
Sy L

2 W e a
o

(4*24)
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The comparative statement for Born calculations, 

Mittleman and Vonhold calculations together ^ith Q® calculated 

by equation 4»24 is exhibited in table I.

The term useful in the swarm experiment was the 

mean scattering cross section averaging over the Maxwellian 

distribution of velocity was defined as
oo

^OC. (»)> - 4ir/q.Cv) f0(T) v2 av ... . . . . . .  4.26)
o

where
fQ(v) * Cm/2 Tt kT) exp T - m_v_ 1........ (4*26)

1 2kT~ J

k is a Boltzman constant . Expression for / O^Cv)> is calculated 

and is represented below

-14Z' cr^Cv) > variation ■ 3-S0S3^[l + 1.1736 X 10'

• • • C4«2?)

The first term in the bracket is due to Born approximation

(v) y Born ~ 3*8083 X 10 cm^ ••• C4*28)

The in 4*27 is as defined in equation 4*21*

The comparative statement for O^Cv) / calculated by Born

approximation, variational method together with experimental

values are exhibited in table II* Calculations for Cv) ^
owere made for thermal electrons i*e* for which T * 3OO K*
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From the study of table II, it was observed that 
the cross section for & = 1 showed a maximum value* For® = 2 it 

decreased and for higher & , cross section increased very slowly* 

hence a very slow divergence can be observed* 4s stated in chapter' 
II divergency of total cross section in many cases was unavoidable 

fact of this problem C Garrett 1971). F0r £ » 0 larger cross 

section than Born approximation was observed* The results for & - 0 
are plotted in graph 1* It was observed from the graph that upto 
the dipole moment approximately equal to 2 Debye, variational 

method gave better agreement for cross section* The Born approxima- 

,-tion on the other hand gave fairly well agreement with experimental 

values throughout the whole range of dipole moment.

looking to the success of Born approximation, this 

approximation was applied to the problem* Altshuler had applied 
B0rn approximation t0 Point dipole potential* Here it is applied 

to finite dipole potential* Takayanagi and Ttikawa Cl9S8) have 
studied the finite dipole potential by partial wave method* They 

have separated the waves in prolate spheroidal coordinates* It was 
observed C Desai and Maru 1972 ) that in the finite dipole 

expression,

Ttr> " * 2 9 ?/ PK C Cos » >
n K ode( ^ *

for K * l case Born approximation was applied satisfactorily. In
'9

the following section this case is described in detail*
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4.3 FINITE DIPOLE CORRECTION

, In this section an attempt is made to study the
finite dipole potential, applying Born approximation. Consider a 
molecule as rigid rotor and the interaction potential between the 
molecule and electron is V ( r, *"**)$ Total Hamiltonian of the 

system can be represented as

H-T+h+H+h .... (4*30)o rot i 2

T* - Kinetic energy Operator of the electron.

Hrot “ Hamiltonian for the rotational motion of molecule*

+ Hg “ H = Hamiltonian for vibrating and electronic 
part of the molecule.

Therefore total energy,

B-u| + W + feP .... ••• (4*31)

^iere
K** * Kinetic energy of electron (Incident electron is

free particle therefore it has no potential 
energy).

* Initial rotational eigen values of the molecule.
£c = Eigen values of vibrational and eletronic states 

of the molecule.

S-Hq * K^ + W^ + £c - T - - h * •*.. (4»32)
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|
W £ - H ^ represented the Hemlltonlan and initial rotational

eigen 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,

S-H «*?+£.- T - H* ..... (4.33)
o o L

•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 if 

to A is then given by

where

^X|V ................... {4*34)

4ir s

outgoing wave solution to the integral equation 4*35.

X +

with initial rotational state H •

(4*35)

Xjji = Outgoing 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)and the molecule in 

rotational state .

Hie approximation of neglecting the rotational 

kinetic energy in equation 4.35 allowed a factorization of c^c^as
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^C43 = ^kV-A-*'
(4*36)

Jit',
Rotational eigen function.

f c+»^kc " Solution to the scattering problem with fixed molecular 
orientation.

Similarly final state can also be factorized as

xj. - k. -a•i -

equation 4*34 will becomes,

fa' | 4<-0, | - 1__ <S\V «rK J+) > j J\8/ (4.37)

* Rotational coordinates of molecule.

Inner bracket of 4*37 is the elastic amplitude of fixed molecular 

orientation f CKf, °t ) or. f C B , 4s , T" )

fa' K.) d-d A* f CKf, K *d ) Jit, C4»38)

equation 4*38 is similar to the equation

fni lS< J d T 4^ ( *T) f C fi, 4=, T ) <&c ( T )

*• (4*39)

used by Altshuler (195?) and derived by Chase (1956).

The scattering amplitude for fixed molecular 
orientation (f ( 6 , * , T ) ] may now be obtained from a 

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

eliminated in effect by representing 4.35 in the usual equivalent 
potential formalism which. suppresses the vibrational and electronic

degree of freedom by introducing a complicated potential operator 

in the equation of elastic scattering. Evaluation of this operator 

is prohibitively difficult except in the limit in which incident 

electron is well separated from the molecule. In that'case the 

dominant interaction was the dipole one. Theoretically more 

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 electron interaction.

41tshuler (195?) ana Mittleman (1965) expected 

that at low enough energies 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 compared to the period of the

target motion exeitable in the collision. The exact expression for 

the excitation amplitude was given by
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2 TT^2" Jm eiKn*R ^ F^ (R) < n | 7 | -c > (4«4P)

Where <? ( R, T ) - T0tal wave function.

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

immediately above or below in

‘PC R, T ) - £ (5) Cr )

contributed in i.e. n » °C * 1 . Consequently if oC *s

involved In q/ were limited than so were the excited states*

Therefore equation 4.39 can be applied formally for all n without 
violating the time of passage criterian as a result of this 
consideration, the total differential cross section may be written 

as

which gave the expectation value for the differential cross section 
when calculated with the target coordinates held fixed* If is '

and for the property

it was shown that
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the probability for finding target in the ith states then

crt- c 6, ?,

The quantity measured by Townsend swarm method 

was diffusion or momentum transfer cross section and was
idefined as j

07- £S,dO (4-43)

( 1 - Cos $ ) CTt- (6 4>) d it f4*44)

Qjj in the probability form ca

Q.■D C 1- Cos

be introduced as

6 > p- o;. (0,40 jlji. C4#45)

For the numerical! calculation of momentum 

transfer cross section it was necessary to evaluate f C 0, T )

for scattering in the field of fixed finite dipole, in

which two charges + q and,- q|were separated from each 

other by a distance 2a is

1 (r, T ) 2 e _K
-r-- ptc Cos J
K + 1 k 

V x? ... C4.46)

where r^ and g st^are smaller and greater of r ana a, P^(Co^a) 

= legendre polynomials* Consider the case for K = l, that is

1



153

we seek a solution to the problem

5 - j\]

2m

+ V CR, X ) > ^CR) - V CR)

for fixed T-• Subject to the

*4

<4*47)

outgoing boundary condition,

CR) * eiKo*R + f C^^t) eiK0 R

The exact expression for f (5 £ T) was, given by

f C (9 , dp , t ) r-jS-.
2 7T V

J

dR

The expression foi 

was -written in the form C for

f ( 9, cp )

substituting the values of VCr]

f C 9/ 4> ) n

(4*48)
R

eiK,R V(R, T ) ^ CR) (4*49)

amplitude in B0rn approximation 

fixed t )

m
2T61

eiK*r-VCr) d3r (4*50)

eiK*r 2eq Crj_____ P (Cos & )

/ *>+1K

K

2W6

For K * If this expression reduces to

K “ aJtci
d3r

t <09*) - S___
2116*-

TT 21r^

7T 4iT

8 o o

r eiK.r p (0os g. ) 4ar + 
a2

SL. elKor P (Cos Q ) d3r C4*5l)

a O.
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on performing the elementary integration and subptituting 

D * 2 q a final result is obtained as

fC9,4>) - 21 D s «/ 3 / SinK a Cos K a \lf }

^ L l '?"a3 ' "JJ)J
fwhere ^ * Direction cosine of dipole axis -with respect to 

direction of K

K = wave vector, the magnitude of which is given by 
Ko [2 ^ 1 “ Cos ® * It is noted that as a -» 0

fC8, + )-2iDemr/ ... C4.53)
K

which is the expression for amplitude for a point dipole* low 

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

T ■ 4 ( D e m /hx K )2. 9 f SinK_a_ _ GosK a
L'sS'aS ^"2

a. . i
o° i-4

| ©C-J,v'° I V ciJl- (4«54>
where P;j_,m ® Probability distribution for non degenerate 

enery state of the rotor and under equivilibrium condition is 

independent of m. & (1, m) • Rotator eigen function. Now 

performing elementary integration by streight forward way
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it -was shown that 
o° -ft
5* / P1 f I ® C 1, m) 1 CosV

d JL = 1/3 ti»55)

A-0 Hs.fi
(For details of this simplification see appendix H ), 

putting this value in 4*54 the expression for 0~T will be

Ol - 12 (Dei/^K)2 ( SinK a CosK a )2 , >
ISv ■'"?'?] 4,56)

Now momentum transfer cross section as defined in the last 

section -was evaluated as follows

Qd - 2V / c 1 - Cos 6 ) crT Sin 0 de

putting the value of dT from equation 4.56
IT

Qd = 24 IT ( D e m/ h3" )2 j l-2os£ /4isS-S CosK a ^
J K? { K3 a3 ~ "l5"a§ /
0

Sin 0 d0 *. • • (4.57)

Wow expanding SinK a, CosK a in terms of Ka and performing 

integration

Qu * 81T C Bern / % K )2 i 1 - 0.4 ^ a2 +

3 '
0.053 a4 j (4.58)

T*iiich also for small values of Ka ^ point dipole results*

in oIn equation 4*58 is in G*G.S* units, which is^ita" units

takes up the form
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% ~ %

fa2
o

72
5 *6 D

, iE
_ 0*006579 D (4*69)

* -18 where D = D/lO , B* ■ I X 

e X
C Jvolt.
10 \

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

In equation 4*59 the cross section -was derived

in n a2 units and moreover It was converted in such a manner 
0

that -was dependent on energy 1*. 1? is in J volt units*

Comparision of results were made with Altshuler*s calculations

and lownsend*s experiment. The comparative statement for this 

quantity is made in table' III* QD was calculated for energy

range 0*6 Jvolt to 1.0/volt. It was observed from the table ' 

that the value of cross section considering finite dipole 

potential gave very small correction. Takayanagi and Itikawa 

also observed the same effect in their calculations*

For the comparision of finite dipole results 

with the present experimental studies It was necessary to 

find out the mean cross section COZ, (v)/’ averaging over 

the Maxwellian distribution of velocities* The expression for

^ tv) > was given by

<CX„M> . 4ir / <TM f £,) v- dv
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f0(v) » ( m/ )3/2 Q~mv2/ 2 KT

- Maxwellian distribution factor.

From equation 4.5g neglecting the third term of the bracket 
the velocity dependent tv) was derived by substituting

K0 * m v /1,

cjv) - 8TT CDem/tf)2 I - 0.4 aa|<4.s0)
3 l m v2 )

substituting this value of CJ^Cv) in the expression for ^<^,Cv)> 

was
1

^0^<v)> * /<^,Cv)>A - 3*2 ( v e m/)2 (4.Q1)

3

Here the temperature of gas taken was 300°k. The calculations 

could made for different values of T also, but generally the 

experiments are performed for thermal electrons for which I) - 

300°K . Moreover for polar molecules the experimental values 

of <^CFw,(v)'> at various temperature were not available.

^he comparision of the results for 

for finite dipole together with Born approximation and 

experimental values are made in table TV. It was observed 

that here also correction terms were very small*

2he study-of and <^>1* (v) by finite dipole
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confirmed that Born approximation to this Potential can he
well applied . Born approximation to point dipole potential

gave better values hence the point dipole potential was found
more useful in this problem* The advatage of finite dipole

potential was to have the potential resonance effect in the
expression of Q*•

D
' *The expression 4.58 for takes up the form 

in atomic units as

0.1 ( K d )2
o a *u* (4®62)

Q- = 8 _k. ("l-O.l K*V ]
B -3- k’2 L J

o
C4*S3)

■where ^ * Mpole moment in eaQ units* * K in atomic 

units•
It was' observed that equation 4*63 represents the

resonance effect; of course the value of minimum dipole moment
,2 .comes be large* In case of *= 0*1,. ( M. ** 7 ea

/This was expected due to out original approximation of K = 1,

in the expression for finite dipole potential* It was observed

that at k - 10 and for k| - 0*1, Q* « 0. This result was 
, fp> few

due^fact that we bad dropped IUrd term of equation 4.58.The
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iec. l-t’o-n i'>i if "-U- u •



15©

results for 0.1 is represented in graph 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 field*

Point dipole potential 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 not 

having bound states, its success for the satisfactory agreement 

of diffusion or momentum transfer cross section is unavoidable 

fact* In the next section short range force i5f coulomb one 

centred potential field is super imposed on the point dipole 

field* Short range force varies from molecule to molecule* An 

attempt -was made to see the effect of attractive and repulsive 

'short range force*

4.4 SH01T__RANGS__F0RCE :«

For the numerical calculations of diffusion 

cross section, it was necessary to evaluate f ( 6, T) in 

the field of a fixed point dipole with short range screened 

coulomb potential* This is given as

1 Cr) = - e D*_r_ + B e” , (4.54)



where + sign to second term indicates that short range term 

is repulsive while negative sign indicates that it is attractive 

is screening constant, is equal to l/rg, r is screening 

length* B is a parameter which is different for different 

molecules«

Schrodinger equation can he written in the form 

O' (R) » I - S-?X+ v \ (4*65)
l 2m ->

for fixed T. The expression for scattering amplitude in B0rn 

approximation was ' .

f ( 6/ 4>) m__2irV
i K.r 

e 1 (v) d3 r

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

potential

f ( ® )
f

m iK.r 
■ e e B. r B e”

2TfV
-

«3 "............ .r J

t (8y <p)
snr’v-

cfi TT iT
fff iic.r

e e B. r 
“3“

r2 d r SinQ

o- TT xli
( ( QilC* r B e'

o o
performing elementary

° 0 o

**■y r2 dr Sin S d(9 

integaation we get

d0 d«t>
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Differential scattering cross section averaging 

over the entire dipole range is

CTt » 4/3 C D e m/ t,1 K )2 + 4 C m B/^-c )2 C l/K2fcV

<4*67)

The diffusion or momentum transfer cross section turn out to

It is seen from the above equation that increase of attractive 

short range potential has the same effect as the increase of 

dipole moment. As the value of B increases the cross section 

moves towards smaller values of D. Finally the expression for 

the mean scattering cross section obtain as

/cTw(v)> 4 1 t - Sir Q P2fid _fp )

« 4

.... (4*69)

^cr^My tlt. 8T CBe/f,)s m .

3 E“1

3*8033 D2 X io“14 ca2

#> O
i 00

wa©

VV +%
°

t=i
ooioo

I!>

ffi
X
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G = <1 “ S---- P = 2 mi’i'T ’ v 2*k“t ’ ^T‘

For a repulsive screening short range potential the value of 

<^Ov-i (?) y becomes

^ Oi, m) - <fO"w (?) > 41t + 2 T o P2 /if C 1_ . Jp )
q 4

(4*70)
Comparative statements for these potentials are given in table 
V and table ?I* Attempt was made to calculate (v))for

thermal electrons* The calculations could be made for different 

values of temperature also but as the experimental evident for 

different temperatures does not available the calculations for 

this case is avoided* It can be observed from table V and VI 

that the consideration of attractice short range potential 

reduces the Altshulers cross section while repulsive potential 

increases the Altshulers cross section*

The correction term due to short range attractive

potential is

- 2 TTG P2 fa ( 1 . Jp_ )
5 4

while due to repulsive short range potential it is

+ 2tg p2 /? (i. . JF )
q 4
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here ^ - 2 m , which means that second term decreases
vT

with the increase of f Moreover G - mJ3___? • q = Ha w
glK I V 2~KT~

also suggests that with the increase of T second term decreases 

and reduces the repulsive cross section -while increases the 

attractive cross section.

The potenfeial B e” represents the screened
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 was calculated, for some typical values 

of B and C • idhen 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 emZr where Z is the 

effective charge and r is the distance from the centre of the 

molecule* In this case the screening factor in the potential

was roughly proportional to e“2Zr t^iich means that ^=22.

If Z is taken as pnit charge <C8 i* The reasonable value of B 

was expected to vary from molecule to molecule. Firstly B was 

taken as 2 that is B = 1 a*u» and °C - 2 a«u« Then as 

exhibited in table 5 and 6 for fixed *L , various values of B 

was considered and the effect of short range attractive and 

repulsive force was accounted.
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The value of B require for exact agreement -with 

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

Further it was observed that for some of the 

groups of molecules, for better agreement with experiment an 

attractive short range force was required while for some group 

the repulsive force was required. For Le&ogen derivetive of 

Methone, Estor, Alkyl Halide, Amine, Alcohol group repulsive 

force gave the better agreement. For Cynogen, Aldihide and 

Hetone group the attractive force gave better agreement. This 

may due to certain similarity in the molecular structure and 

the charge distribution in the molecule. In general for organic 

and inorganic polar molecules, the molecules having dipole 

moment less than ( < 2*74 ) repulsive force was found 

suitable while for the molecules having dipole moment 2*74) 

the attractive short range force was the better fit for agreements 

with experiments. It was further observed that for some of the 

organic group of molecules the value of ** B « approximately 

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 effect is 

exhibited in graph 3^ 4^ £.

A very few attempt of short range force for
i'

polar molecules are made4. Bordman and sampnathe ( ) used



.‘*1 tel* a.
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the screening potential in place of Pure dipole potential in 

the form

V « r ) - e 3. ? exp < _r/ J (4<71)
r3

they thought that screening effect was due to the pressure of 

the gas* As expected they found the value of cross section 

lower than unscreened case* Takayanagi and Itiksiwa had also 

tried the coulomb two centred short range force to finite dipole 

potential* Ihey have accounted total cross section for dipole 

field* A very systematic application of short range force for 

CN, HGl, GO molecule was made by Itikawa (1969) • For GO molecule 

considering inter atomic distance Itikawa found that short range 

force takes up the form

i

Vq -d' = *» 6*09 .s.k exp ( ~ i*59r ) - 8:71 Exp C -2*llr )
r

......... (4*72)

Considering close coupling method the cross section 

for rotational transitions was calculated* For making the 

eomparision with Coulomb one centred short range potential the 

attempt was made to calculate 4. (v) ^ * It was observed

that though, our short range potential was crude, it gave better 

value over the Itikawa potential*
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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 B_e"5_^ -with proper
r

choice of B, is the best fit potential for accounting the 
cross sections for slow electron polar molecule collision*
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TABLE 2•

COMP&B&TIYE STATEMENT OF ^GZ Cv)')

For &ruM >

<Vc' Cr) *

variational’

CQ

the trial function

is used

No. Molecule Dipole
moment
in Debye

* 1° m2

1 2 3 4 5 6 7

1 CClF 0.48 0 0.9759 0.877 1.79
1 1 *154

- 2 0.7971

3 0.8187

4 0.8928

5 0.9016
6 0.9086
7 0.9095
8 0.9120 . _
9 0.9137

10 0.9200

2 (CE ) H 0.62 0 1.677 1.464 2*80
w o

1 2*061
2 1*292
3 1*457
4 1*499
5 1.517
6 1.531
7 1*534
8 1*540
9

10
1*545
1.548
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1 2 3 4 5 6 7

3 CC^)^ H
i

0.91 o 3*829 3*154 4*32
1 5.041
2 2*606 -

3 3.134
4 3*264
5 3*321 '

6 3*365
■ 7 3 *3?8

8 3*394
9 3*406

10 3 ®4l6

4 CGHa)J® 1.0 0 4*701 3*808 5*16
2 1 6.704

2 3*084
3 3*781

■ 4 3*951
5 4*028 >
Q ■ 4*090
7 4*105
8 4*128
9 4*143

10 4*158

6 C2H5 m2 1.07 0 5.453 4*360 7*58
1 ?®727
2 3*473
3 4*328
4 4*538
5 4*630
6 4*704
7 4*718

, 8 4*752
' 9 4*775

10 4*788
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1 2 3 4 5 6 7

6 c3h7m2 1*25 0 7*693 5*9$0 8*15
1 11.31
2 4*537
3 5*899
4 6*234
5 6*386
6 6*503
7 6*540
8 6*573
9 6*610

10 6*633

7 (ch3)2o 1.30 0 3*397 6*436 8*15
1 12*47 '
2 4 • 043
3 6*378
4 6*750
5 6 * 920
6 7 • 062
7 7*086
8 7*136
9 7*174

10 7*199

8 GHC1F
2 l*4l 0 10*08 7*571 12*67

1 15,27
2 5*544
3 7*499
4 7*982
5 8*193
6 3*366
7 3*405

. 8 8*464
9 8*523

10 3*752
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1 2 3 ’ 4, 5 6 7

9 CH Cl 1»59 0 13*22 9.628 18.1
2 2

1 20.67
2 6.722
3 9*523
4 10*21
5 10*52
6 10.76
7 10.82
8 10.91
9 10.98

10 11.04

10 Vs® 1*63 0 14.00 10.118 14*45
1 22.02
2 6*984
3 10.01

, 4 10.74
6 11*09

' 6 11*34
7 11.04
8 11*50
9 11*57

10 . 11.63 ■

11 ‘ g3H70H 1.66 0 14*57 IO.494 13.86
1 23.05
2 7.348
3 10.37
4 11.15
5 11.50 ■

6 11.78
7 11.84

' 8 11.95
^ 9 12.03

10 12®09 -
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1 2 3 4 5 6 7

12 G H OH 1.70 0 15.40 11.006 13.43
2 5

1 24*50

2 7.456
- 3 10.88

4 11.73
5 12.11
6 12.40
7 12.47
8 12*58
9 12*66

10 12*73

13 CH OH 1.70 Same as Molecule 11.006 13.00
3 Ho* 12

14 G H 0 1.77 0 16*89 11.931 13.73
2 4 2 1 27.02

2 7.918
3 11.79
4 12*70
5 13*15 '
6 13*52
7 13*57
8 13.70
9 13.79

10 13*87

15 h2,0 . 1.35 0 18*66 13.034 23.67
1 30.28
2 3*45
3 12*86
4 13*94
5 14*42
6 14*33
7 14*90
3 15*05
9 15*17

10 15=24
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±12 3 4 5 6 7

16 CGH I® ) 1.94 0 20.84 14*333 17.46
6 2 ^ 1 34*21

2 9*043
, 3 14*19

4 15.39

5 15.94

6 16.39
7 16* 49

* . 8 16.66
9 •36.80

10 - 16.39

17 CH 01. 1.38 0 19.39 13*46 18.38
1 31.54

' 2 3*65
" 3 13*28

4 14*42
5 14*92
6 15*34
7 15.44
8 15.59
S 15.70

-
10 15.79

...................
13 CgjHgCl 2*03 0 23 * 33 15*694 18.93

1 38*72

2 9.645

3 15.47
- - , 4 16*90

,
5 17.54
6 13*06

' 7 13.17
4

, 8 18.35
- 9 18 *51

10 13.53
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1 2 3 4 5 6 7

19 °3h701 2*05 0

!>•C
O03 16.006 19.6

1 39.75

2 9.774
3 15*79
4 17.26
5 17.89
6 18.45
7 18*58
8 18*77
9 18.91

10 19.02 ‘

20 C4H901 2*03 0 24*52 16.476 20.22
' ,1 42*41

2 9. 965
3 16*25
4 17.73
5 13*47
6 19.03
7 19.15
8 , 19.36 -

' ■ .9 19.51
■ 19 19.63 ■

21 GABr 2*12 0 25*65 17.116 20.33
1 43*34
2 10.23
3 16*39
4* 18.50
5 19.23
6 19.83
7 19.95
8 20.17

1 9 20.32 >
10 20.48
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1 2 3 4 5 6 7

22 C2HgCHO 2.74 0 40.97 28*591 26.49
1 85*21
2 13.71
3 28*05

- 4 31.56
5 33*12
6 34*39
7 34*70
8 35®17 •

9 35..50
10 35.75

23 G3H7CHO 2*73 0 46.57 28.383 25*62
1 84*37
2 13.67
3 27.85
4 31.32
5 32.86
6 34*14
7 34.40
8 34-87
9 35*23

10 35.50

24 CgHgO 2.77 0 48*25 29.221 28.99
1 87.78
2 13*84
3 28.67
4 32.28
5 32*96
6 35*24
7 35.53
8 36.02
9 36.38

10 36.64
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1 2 3 4 5 6 7

25 C3HS° 2*87 0 52*52 31*369 30.35
1 99.29
2 14*28

- 3 30.75
4 32 *4P

■» 5 34*08
6 35*44
7 35*77
8 36-28
9 36 *64

10 36.91

26 C HO 3*03 0 59.81 34*964 29*59
5 8 2 1 1 110.9

2 14*85
3 34*24
4 38*97
5 41*12
6 42*83
7 43*29
8 43*84
9 44*34

10 44*69

27 02H CM ' 3*89 0 110.3 57.628 42*71
1 219.7
2 , 15*05
3 56.67
4 66*15
5 70.65
6 74*29
7 75*08
8 76 *40
9 77.45

10 78 *20
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1 2 3 4 5 6 7

28, CHgCN 3*96 0 115*3 59.721 43*59
1 230*7
2 14*08

3 58*11
4 68® 74
5 73*45
6 77*29
7 78 ®09

, 8 79 ©54
9 80.61

10 81*45

29 G H CN
2 5 4»03 0 120.0 61.851 43 *69

1 242*10
2 14*51
3 60*® 16
4 71.32
5 76*33
6 80.41
7 81.28
8 82*17
9 83*89

10 38*74

30 CgH CN 4*05 0 122*60 62*775 43*84
1 247*0
2 14*36
3 61*03 -

- 4 72*44
5 77.52
6 81*74
7 .82*64
8 84*18
9 85*31

10 36*20
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1 2 3 4 5 6 7 .

31 G H 0
5 8 3*3 0 73 *60 41*473 31.02

1 140.40
2 15*84
3 40*53
4 46*65

. 5 49.39
■ 6 51*62

7 52*20
a 52*95
9 53*58

10 54*03

32 G 0 0.13 0 0.06598 0.064 0.26
1 0.07003
2 0. 06241
3 0.06395

4 0.06431
5 0.06449
6 0.06465
7 0.06465
8 0.06471
9 0.06476

10 0.06476

33 V 0.164 0 0.1059 0.102 0.81
1 0.1140
2 0.09883
3 0.1019
4 0*1026
5 O.IO3O
6 0.1032
7 0.1033
8 O.IO34
9 0. 1035

10 0.1035
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1 2 '3 4 5 6 7

34 0 °2 0.18 0 0.1281 0.123 3.04

1 0.1389

2 0.1188

3 0.1228

4 0.1238

5 0.1243

6 0.1246

7. 0.1248

8 0.1248

9 0.1249
10 0.1250

35 "3 1»46 0 10.90 8.118 12*89

1 16.68

2 5.865

3 8.035

4 8.572

5 8.808

6 3.999

7 9.040

8 9*114

9 9.173

-
10 9.2O4
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TAB ■LB 3

Comparative st'atment of diffusion cross section calculated by
Altshuler and by finite dipole approximation

N0. Bipole 
moment 
in .

Enery of 
electron
Jvolt.

cq!)
D Alt

”^ao Units •

CqJU
33-'Finite 

Bipole

Units.

Correction
factor*

*“ • "

1 2 3 4 5 6

- * -
1 0.48 0*6 3*583 3*58265 0.00035

0.7 2*633 2*63265

0*8 2*016 2*01565

0.9 1*593 1*59265
1.0 1.290 1*28965

2 0.62 0*6 5*978 5*97703 0.0009723
0.7 4*393 4*39203 ©
0.8 3*363 3*36203
0.9 2*659 2*65803
1.0 2*153 2*15203

3 0.91 0.6 12*87 12*8655' 0.004510
0.7 9*462 9*6575
088 7*244 7,2395
0.9 5*275 5*7205
1.0 4*636 4*6315

*• •
4 1.00 0®6 15* 55 15*5434 0.006579

0.7 11*43 11*4234
088 8 * 750 8*7434
0.9 6.915 6 * 9084
1.0 5*601 5*5944
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— •

1 2 3 4 5 6

5 1.07 0.6 ' 17.00 17.7918 0.003219

0.7 13.03 13.0713

0.3 10.02 10.0113
0.9 7.910 7.9093
1.0 6.412 6*4038 >

6 1*®25 0*6 24*30 '24.234 0.01606
0.7 17.85 17.834
0.8 13.00 13.664
0.9 10.30 10.791
1.0 3.75 8.734

•

7 1.30 0.6 26.23 26.261 0.01378
0.7 19.32 19.301
0.3 14.79 14*771
0.9 11.69 11.671
1.0 9.462 9.443

8 1 *4l 0.6 30.91 30.384 0.02600
0.7 22.72 22*694
O.g 17.40 17.374
0.9 13*75 13.724
1.0 11.14 11.114

9 1.59 0.6 39.31 39.268 0.04206

0.7 28-39 23.048
0.3 22-12 22-078

0.9 17.43 17*433

1.0 14*16 14-113
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1 2 3 4 5 6

10 1.63 0.6 41-32 41.273 0.04645
0.7 30.37 30.323
0.8 23*25 23*203

0.9 18*33 13.333
1.0 14.38 14.333

11 1.66 0.6 42.35 42.801 0.04393
0.7 31.4-9 31.441
0.8 24-11 24*061
0.9 19.05 19.001
1.0 15*43 15*381

12 1.70 0.6 44*93 44.375 0.05493

0.7 33.02 32*965 -

0.8 25-24 25.185
0.9 19. f 8 19.925
1.0 16.13 16*125

«“"•'**•"**

13 Same as Molecule No.12

14 1.77 0.6 48*73 43.665 0.06460
0.7 35*31 35.745
0.8 27.42 27.355 '
0.9 21.67 21.605
1.0 17.55 17.435

15 1.35 0.6 53.23 53.153 0.07709
0.7 39.12 39.043
0.8 29.95 29.373
0.9 23.67 23.593
1.0 19.15 19.073



183

1

* ♦

16

2

* ** “****#*•*“*•*■•'“

1.94

3

0.6

0.7

0.8
0.9
1.0

4

58*53
43*01

32*94
26.02
21.08

5

58*437

42*917

32*897
26.927
20.987

6

0.09319

17 1*88 0.6 54.08 54.390 0.03914
0.7 40.40 40.316
0*3 30.93 30*846

0.9 24.44 24.356
1.0 19.80 19.716

18 2*03 0.6 64.09 63.973 0.111S

0.7 47.10 46.938

0.3 36.06 35.948
0.9 28*49 28-378

1.0 23*08 22-963

• *"* * “* • “* b’-".'*

19 2*05- 0.6 65*37 65*254 0.1162
0.7 48*04 47» 924
0*8 36.78 36.664
0.9 29.07 28*954
1.0 23*54 23*424

-

20 2.03 0*6 67.30 67.177 0.1232

0.7 49.45 49.327

- O.g 37.36 37.737
0.9 29.92 29.797
1.0 24.26 24*137
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1

21

2

2*12

3

0.6
0.7

0.8

0.9

1.0

4

69.38

51.36
39.30

31.03
25^17

5

69.747

51-227

39.267

30.947
25.037

6

0.1328

22 2*74 0.6 116.3 116 *429 0.3710

0.7 85*32 35.449 '

0.8 65.70 65*329

0.9 51.93 51*559

1.0 42*06 . 41*639

23 2.73 0.6 116.0 115.634 0.3656

0.7 85.19 84*324
0*3 65.22 64-354
0.9 51.54 51.174

1.0 41.75 41*384 (

24 2.77 0.6 119.3 113.912 0.3375

0.7 37.70 37.312
0.8 67.14 66.752

0.9 53.07 52*632
1.0 42*97- 42.532

25 2*37 0.6 123*1 127.653 0®4465
0.7 92*0 91.553 /

0.8 72*07 71.623
0.9 56*97 56.523
1.0 46.13 45.633

*» • *•
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1 2 3 4 5 6

26 3*03 0.6 142. § 142*246 0.554
0.7 104.9 IO4.346

0.3 ' 30.32 79,766
0.9 63*48 62*926
1.0 51.40 50*346

27 3*39 0*6 235.3 233.792 $.503

0.7 172*9 171*392
0.8 132*3 130.792
0.9 104*6 103*092
1.0 84*72 83 *212

28 3*96 0.6 243-9 242*232 1.613
0.7 179.3 177.632
0.8 137.2 -135*532
0.9 103,4 106,732
1.0 37.32 36.202

29 4*03 0*6 252*5 250.764 1.736
0.7 179.3 177.632
0.8 137.2 135*532
0.9 103*4 106.782
1.0 37*32 36*202

30 4*06 0.6 254*6 254*613 1*737
0.7 183*4 186,613
0.8 144*2 142 * 513
0.9 114*0 112*213
1.0 92*3 90.513

• ••**•-**-*
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* *•

1 2 3 4 5 6

31 3.3 0.6 169.3 163*52 O.73O2

0.7 124*5 123•72
0.8 95*28 94.5O

\
0.9 75.30 74*52
1.0 , 60.98 60.20

32 0.13 0t6 0*2626 1•378x10*’®

0.7 0.1932
0©3 0.1479

. 0.9 0.1169
1.0

\
0.09462

33 0.164 0.6 0.4132 4.757 XlO"6

0.7 0.3073 ■
0.8 0.2353
0.9 0.1860

1.0 0.1506

0.18 0.5O4O -6
34 0*6 6.903 X 10

0.7 0.3073
0.8 0.2335

' 0.9 0.2241
1.0 0.1341

35 1*46 0-6 33.16 33.13 0.0299
0.7 24*36 24.33
0.8 13.69 13*66
0.9 14 » 74 14*71
1.0 11.94 11.91



18?

T & B L S LL

Comparative statement of mean scattering
cross section.

No* Dipole 
moment 
in ^ebye

^Cv)) S3jp

X 10"14 cm2
(T&lt /c, (T)>
X lO"14^2 X 10* 14,3,8

. Correc- 
-tfcon
factor
X

* ■» • •• ™

1 2 3 4 5 6

1 0.48 1.79 0.377 - 0.00000- 
-7466

2 0.62 2*80 1*464 - 0.0000-
- 2079

3 0.91 4*32 3,154 - 0.0000- 
- 9645

3 1.00 6 «16 3*808 3 *807859 0.000140*1

. 5 1.07 7.58 4*360 4*3598 0.000184£

S 1*25 8»15 5 » 950 5 • 9496 0.000343£

7 1.30 8*15 6.436 6.4356 0.000401*;

8 1*41 12.67 7.571 7,5704 0.000556C

9 1*69 18-1 9*628 9.6271 0.0008995

10 1.63 14*45 10.118 10.117 0.000993c

11 1.66 13*86 10.494 10.4929 0.001069

12 1.70 13.43 11.006 11.0048 0.001174

13 1.70 13-00 11.006 11.0048 0.001174

14 1.77 13*73 11.931 11.9296 0.001381



1

15

16

17

13

19

20

21

22

23

24

25

26

27

23

29

30

31

183

2 3 4 5 6

1*85 23*67 13.034 13*0323 0.001648

1.94 17.46 14*333 14*331 0.001993

1*38 18.33 13*460 13.458 0.001758

2.03 18.93 15 *694 15.692 0.002390

2-05 19.6 . 16.006 16.004 0.002486

2-08 20.22 16 *476 16.473 0.002634

2*12 20.33 17.116 17.113 0.002340

2.74 26.49 . 23«59l 28*533 0.007934

2.73 25*62 28*383 23*375 0.007818

2-77 23*99 29.221 29.221 0.008343

2.37 30.35 31*369 31*369 0.009543

3.03 29.59 34*964 34*964 0.0$185

3*39 42*71 57.623 $7,628 0.03221

3*96 43*59 59.721 59.721 0 .03460

4*03 43*69 61.851 61*814 ' 0.03711

4*06 43.84 62*775 62*737 0.03322

3.3 31*02 41*473 41*486 0*01668
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1 2 3 4 5 6

32 0.13 0.26 0.064 -
4.0l7xl0~8

33 0.164 0.31 0.102 -
— f

9.9g9 x 10

34 0.13 3.04 0.123 -
i

1*478 x 10

35 1.46 12.39 3*113 8*1174 0.0006396
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T4BXS VII

Bxact value of “ B « for perfaet agreement with

experiment.

N0. Dipole
moment
in Debye.

l B l No* Dipole 
moment 
in Debye

1 B 1

1 0.48 5*2 19 2.05 10.37

2 0. 62 6.07 20 2.0s 10.59

3 0.91 5.909 21 2*12 9*656

4 1.00 6.362 22 2.74 7.932

5 1.07 9® 819 23 2*73 9. 076

6 1.25 . 8.007 24 2.77 2*629

7 1.30 7.164 25 2.37 5.522

3 1.41 12*36 26 3 ®03 12.69

9 1*59 15.92 ' 27 3.39 21*13

10 1.63 11.39 23 3*96 21.93

11 1*66 10.03 29 4*03 23.32

12 1.70 3*517 30 4.06 23.81

13 1.70 7.727 31 3*3 17.69

14 1.77 7.343 32 0.13 2.159

15 1.35 17 » 34 33 0.164 4*603

16 1* 94 9.677 34 0.13 9.346

17 1*88 12*27 35 1*46 11*95

18 2.03 9.842

N.B. For molecules Ko.l to 21 and a to 35 for the agreement
the experiment Repulsive short range force should be considered 
while for molecules No.22 to 31 attractive short range force 
should be considered •
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APPENDIX' I 

Detailed calculations of equation 4*11

Our aim is to solve the equation 4»7 for a point 

dipole potential»Squation 4»7 is given by

j_f<ng, nt) J * - 1/4tr < e“1Ks,yl UCr) %&') dr’ +

f ,elKi.r u(r) Q'-sCr) dr V-sCr) UCr) ^- Cr) dr

l/4H I ^r) UCr) GCr,r*) UCr*) c^. Cr’) ar dr3

}
Here 4<.sCr) is the wave function represents a 

solution of integral equation 4*3 for a plane wave incident in

the direction C-ng). As a trial wave function we have taken
-V —>

<$><Cr) ■ C0 ei%*I’J y(r)

->

<P-s Cr) ■* G e“iKs»r 
o

e D Cos <9 UCr) = 2m vCr),
.......... ’

<A) First erm of equation 4*7 turn out to be
f +

■ ~ - l/4IT J e“lKs*r UCr*) Cr1) ar*

substituting the values and performing elementary integrations 

we get " G0 fg C 0 ), f-g(O)- Amplitude using Born

* 2i D e m y 1
"tfi............

approximation
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(B) "f1/4TT | eiKl,r U(r) <V-s Cr) dr' = GQ fB C © )

CC) I3 « 3/4TT ( %Cr) UCr) <pcCr) dr = - c2 fB ( 5 )

CD) 1/16TTxjr <fis(r) UCr) G Cr)y’) UCrT) <^CrT) dr dr1

For the integration of this term

GCr^r1) 4JT_ ane1"’1”''
cstt)3

substituting this we get final integration as

JL{ fBC 0 ) \ Xs
1 5”tt" __dn__

n^- k2
Cos^ * “ Ke**rs dr

e •iCn-%) • r SsaiS.1 drT
j.1 2

■ fs ...... a..........-
2 TT1* J Cn2-iS) (n.^) (n . kj

This integration is determine applying Cauchy’s theorem according 

to -which
£f(Z) dZ - 2 7T i^Residule of f CZ)

the integrand has Poles at n = K and n = -K but since -we integrate 
from 0 to we take only n = K we get 1^ = c2 f ̂ { S ) T ( Q )

I0c S) = f Cfl) K3..
2 TT x

dn
Cn2-k2)Cn-k^)<n-kg) fB

2



199

4 P.P.S_N_D_I X II

Simplification of equation 4*55

<f ^ -fk
¥e wish to simplify equation

P1 [ | (B? U ,m) 1 Cos2V d Sl

- 0 v»na - A.
© Cl,m) = ^ iPm fn _ a ^ im <p

V L 2(&+ Im | )
l (Cos S ) e3

TfJhere (Cos Q ) = Associated liegendre function

Now CosY®(t,y«) - © ( <?+l, m) Cx + 1 -i, m) C

where

°2 =

V

C <2 +i - m) c * + 1 + m ) 

(2* + 1 ) < 2 $■ + 3)

Cj2-m) ( $ + m ) 1 
~(2l -1) C 2 2 +1) \

Cos2y|©( J ,m) 1 ' a| + 20, C2® (S+1,m)© w-l, rn)

cf ©^M-l, m)

' 2 /
Cos2r I ® ( e ,m) I cUfL = C2 j ©V +1, 1) d Jl +

2Gt C2 *+l, m) © Ci-l, m) + 0^f@ZU^ m) dJL

J AJL J

on integrating by straight forward way we get

J
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+1, m) dJL - 0‘

2Gt G, © (8+l,m) ® < A -l,m)

fel +l)1 +3) 

d-A- = Zero

-1, m> d-A _ 2 
- mTir+i)(2ft -D

\ ® a, m ) I d .A- X Cos2y + cjLX.r_l?l____
(2 * +iH2 R *3) ?iV-I) fel+l)

C « ,») Cos2*' dJL

+ fl'JS?____
C2I +l)C2 ^ +3; "C2J? -IH2I +1)

0°

/
\® (5

2_H_+_1

3
Nov putting the value of

' JPX • 1 / 2 ft +1 ve get

m)
2

Cos2r diV 1/3

>
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APPENDIX HI

We wish to convert momentum transfer cross section

Q-p in II units* is given in C.G.S* units as

Q.D
§JL ^ B e m / +s K )2 i I-O.4K2 a2 + 0.53 K~ a4 }

x 2consiaering first term ST (Dem/^i K )
"3" 0

8 T 3>2 e2 m2 V

2mE where ~ gm E/-^

putting m e2/ ^ * Va where a *= Bohr radius, E may he

converted in J volt units

8T_ -f x 
“3"“ 2"i 1

sjr ( d )2 x 10~36
's ~’:i8 ■

ao /■??_?.
ex 108| a-x io‘

o f tjT 'i2 -a”36
2 (J?.L 10 X C (TTa2 ) 
6 E 0e x 10d a3 

o

putting the values of G (Velocity of light) and e and on

simplifying we get the first term = 5*6 (B*)2 / 1* IT a2
4__ 0

Similarly second term will be * 0.006579 B® H a2 and

third term - 0.253 X 10"5< D*)6 T a2

& %
ffa‘

3,6 - 0.006579 (BT)4 +
B

. 15 5 X lo“S ( o' ) "]


