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CHAPTER - III

MODIFIED DAS METHOD

3.1 INTRODUCTION

As mentioned in the first chapter eventhough 

the exact wave function is known the evaluation of the 

schrodinger equation for a scattering process is a 

formidable task. Hence various approximations are 

used for the evaluation of the coupled integro diffe­

rential equation. The simplest problem in scattering 

theory is the e - H atom scattering. Hence the vali­

dity of a new approximation is checked by applying 

it on e - H atom system . If it gives desirable 

results then it is appreciable to check the validity 

of that method for other atoms and molecules. The next 

simplest atom is helium atom. For helium also highly 

accurate and simple-wave functions are known. Experi­

mental results are also available for it. After that 

comes Li atom . But for Li experimental results 

are not available for intermediate energy region. 

Thus in the present chapter we have applied the new 

method for the elastic scattering of electrons by 

hydrogen, helium and Li atoms.
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The Born series can be applied 1;o find out

the scattering amplitude for e - atoms. Even for
\

e - hydrogen atom problem the exact evaluation is 

difficult since it contains an infinite number of 

terms. Hence various truncated forms of the series 

are taken. The first Born approximation account 

only the static part. Hence to account for other 

interactions namely polarisation, absorptiori and 

distortion of the incident particle effects one has 

to include the higher order Born terms. In recent 

years various approximations containing higher order 

terms are employed with varying degrees of success 

(Byron and Joachain 1973, 77a, 77b, 75 ; Holt and 

MoiseiOWitch 1968 ; Gien 1977a, 77b, 79 ; Rao and 

Desai 1981, 83a, 83b ). A new method was suggested 

by Das ( 1978.) to account for the missing higher 

order Born terms. He had started with Fredholm 

integral equation. He used a trial function for the 

scattering amplitude ( f^ ) as the input function 

to obtain a better output scattering amplitude(f 

as the solution of the integral equation. f^n is a 

complex multiple of the first Born scattering ampli­

tude. The complex parameter a + i-b -is independent 

of the scattering angle but depends upon the elec­

tron energy. The values of the parameters 'a* and
2

’b* are determined by minimising If , - f. 17 ^ ' out m 1
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integrated over the whole angular region. This method was 

found highly successful for potential scattering ( Das 1978). 

Das and his associates have applied this method for various 

scattering phenomena in the intermediate energy region 

( Das 1979 ; Das and Biswas 1980 f Das et al 1981 ; Das 

and Saha 1981, 1982 ). However Jhanwar et al (1982) had

shown that the real part of the forward scattering ampli­

tudes for e - H and He atoms using the Das method are not 

in agreement with the dispersion results of de Heer et al 

(1977). The real part of the forward scattering amplitudes 

for e - H atom decreases continuously with the increase 

of the energy in the case of dispersion relation. But 

in Das method it increases with energy up to 400 eV and 

then starts decreasing. Further, it is observed that the 

total cross sections in Das method overestimate the experi­

ment. Hence, the Das technique which is not difficult than 

a second Born computation, requires modification. A possible 

way to improve the Das method is to- choose a better trial 

input scattering amplitude. This was done by Kusum Lata 

( 1984). She had included the second amplitude, obtained by 

the use of the modified trial input scattering amplitude 

contains the third order Born term alsoand the higher 

order Born terms'.are included through the parameter 'a1

and ' b' . They have retained the term, of the order of
-2 in the expression for out put scattering amplitude.

In this modified Das method only one parameter 'a' is 

required. This 'a* is calculated by two methods. In the
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first method (PI) *a' is calculated following the same 

method described by Das. Hence it depends only on energy 

and independent of the scattering angle. But it has shown 

that if the expression for the scattering amplitude in 

modified Glauber approximation should equal to the scat­

tering amplitude in Das method then ’a' and ’b* should be 

functions of scattering angle also. ( Jhanwar et al 1982c ) 

Hence in the second method (PI) they have calculated 'a* 

as a function of scattering angle also. .This was done by 

making the difference f . - f. equal to zero.. Thus in 

PII, a is angle and energy dependent whereas in PI, it 

is only energy dependent.

As mentioned in first chapter, the second Born 

terms can be replaced by the second Born terms of HHOB 

approximation ( Yates - 1979 ). The advantage is that 

the computation is much more simpler and the values will 

not differ from 2nd Born terms. The problem of diverging 

integrals are also not there. Hence we have applied the 

modified Das method (PI) with yates terms to find out the 

DCS for hydrogen helium and lithium atoms. Total cross 

sections are also found out for energies 100 to 70C eV 

for hydrogen atom. We have used PII also to find out the 

DCS for hydrogen and Helium.

Another modification we have done is the replace- 
—^2 term of the real part of Yates byment of term of
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the real part of Wallace ( The calculations for that 

will be shown in next chapter )„ The DCS is calculated 

for the elastic scattering of electrons by H, He and Li.

elastic cross sections for H, He and Li. Here also we have 

replaced the second Born terms by the corresponding terms 

in yates and Wallace terms. The potential used here is 

the static potential given by Cox and Bonham (1976).

3.2 THEORY :

The input trial function using HHOB second Born 

term is taken as

Substituting this in (1.51 ) and proceeding the same way 

as described by Das, the expression for output scattering 

amplitude in PI method using HHOB terms is obtained as

Das method was also used to find out the total

(3.1)

HI f , ^ RI . jtBl + v a + i bf HI
out

HI (2) 
fB3R ^ ~ b ^r/HEA
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HT (2)
+ b (Re fHEA + f03R ) ] (3.2)

(2) (2)
Here and Re ^HEA are *ma<3*narY anc* real terms

(2)
of HHOB ( Yates 1979 ) terms. Re fREA contains two

(2)
terms. Hence we will write Re fRRA = Re 1 *HEA + ^e^%EA

HI HI
The parameters a and b are obtained as

HI f dO SinG ( fR1 - fRRR )B1 B3R

/ dG SinG [ (f
B1

fB3R^ + fB3I

HI /dO SinG fR1 f
B1 B3I

f dO SinG [(fg^ — ^333) + ^332^

(3.3)

where f 

„rd
B3R and fg3j are real and imaginary parts of

-3
order Born term. fg3i is of the order

Hence it is neglected. ^B3R rePlaceci by f^3 since

it is equivalent to fB3R practically all angles,

Thus, the output scattering amplitude becomes

HI HI

out
fBi + a ( Re fH£A + fG3 ) + i a

HI (2)
I f-Vhea

(3.4)
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Replacing Re 2 fRRA by the corresponding Wallace term 

we will get the output as

WI
fout

U T

fBl + a (Re 1 fHEA + fw2 fG3 ^

+ l a
HI (2) 

Im fHcA (3.5)

The output scattering amplitude for the second method can

be obtained as

HII
fout = fBl

HII 
+ a

IT (2)
+ i b H (Re fHEA + fB3 )

= •pTB1
HII

+ a
(2) HIT

( Re fHEA + fB3R ) - b

(I
m

(2)
fHEA +

UTT (2)
fB3I > + a ‘VHEA +

HII (2)
fB3I ^ + b ( Re f H£a + ffi3R ) ]

(3.6)

HII HII
The parameters a and b are calculated by putting

HII
out fin 0.

HII B1
(3.7)

^ fBl “ fB3R^ +
B3I

^fBl " fB3R^
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and

bHII =fBl fB3I

^ fBl_fB3R^ ^fBl"fB3R^ + ( fB1 ^

(3.8)

Replacing fg^p by ^3 and keeping the terms up to k^'

HII
f
out

becomes

HII
fr out = f

HII
Bi + a (Re

(2)
f +

HEA
fG3 ^ +

HII
ia

(2)
I f 

m HEA
(3.9)

WII
f
out

c an be obtained by replacing Re2fHEA by the

corresponding Wallace terms •

WII
fout =

HII /
fBl + a Re 1 f,,_ 

nc
. + f O T*A w2

- )G3 '

K11
-t i 0

(2)
I f 
^ H c AUun

(3.10)

where
HII fBl

(3.11)a —
fBl “ fG3

The exchange scattering amplitude is obtained using the 

ochkur aoproximation.
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The total elastic scattering cross sections are 

calculated using HHOB terms in place of second Born 

terms in Das method for hydrogen helium and lithium 

atoms. The state potential used here is those of Cox 

and Bonham. The present results are compared with 

those of Das and simple HHOB approximation.

3 03 CALCULATIONS

The interaction potential taken here is

V r + Z / o 1=1 l£t
(3.12)

The ground state wave function for the hydrogen 

atom can be written as

H 3 1/2
III = ( JL> ) exp ( - yr/2 )
Is

(3.13)

where

Hartree - Fock orbital for the atom is taken ( Byron 

and Joachain 1973 ) as

He He He
t, - 43 up $ up

Is Is x

'( P + Q ) ( R + S )
(3.14)



70

where P = A exp ( - Y*x1 h C
Q11

a

exp ( - y’'

and R = A exp ( - y 'r2 ). S = B exp ( - y r2)

with A = 2.60505, B = 2.08144, y' = 1.41 and

i i
y = 2.61.

The first Born scattering amplitude can be obtained by 

substituting ( 3.13 ) in ( 1.16 ) with z = 1 in (3.12).

H (2. 0 2 xf = 2( q + 2 y ■> 0.15)
B1 , 2 2.2

C q + y )

with q = 2 k sin 6/2 .

For the atom repres ented by ( 3.14 ) we will get

He
¥ l-« 2

Is I6n
1— [ P2 R2 + Q2 s2 + 4PQRs ) + 2 P2 s2

+ 2( 2 PQs2 + 2 PR2Q ) ] (3.16)

Substituting ( 3.15 ) in ( 1.16 ) with Z = 2 in (3.12)

we will get

He

B1

3
S Ck t

kal K

(8 yj + q2)

. . 2 2sI4v + q )
(3.17)

X 1

where C, s and y s are constants given as
K K
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C1 = 2.420884 ; C2 = 0.2336732 ; C3 = 1.33543

Y1 m 1.141 } Y2 = 2.61 ; Y3 = 2.01

(2)
The expression for I f can be obtained from eqn.

m HEA

(2.12) . Substituting V from (1.44) and ^ from

(3.13) we will get for hydrogen atom

H (2)
1m f

m HEA
{_A_) r 

nk^ ' dy; J --------- 2~— (3-18)
(1q-p1 + Pi ) y

£ i 2 q 2 2 \
(p + ^ + y ) (2 2x i 2 _ 2,(q +y ) (p +P± )

After the evaluation of the two dimensional dp integral 

( given in appendix ) the closed form of the imaginary 

contribution can be given as

iH
m

(2)
f
HEA

a_ } JL«Y 1 y2 l 2 I^pf.y2)

2
.—a___
t 2 2 \(q +y )

Ix (p.2, o) 3 (3.19)

The 1^ integral is given in the appendix.

The dr, evaluation of the real part, helfu_A, 
1 n c A

of order ki (2.19) is exactly same as imaginary part. 

'Hence using the above results of imaginary part, the
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Relf can be written as 
HEA

H
Re If

HEA A.
JLdy Pf dp / -|r

dp.

~ ,pz -

2 2 0 L 2 2 , 2Y (|q - p| + P* ) P + Pz + V

, 2 2 , , 2 ?, J
(p + p_ ) (q + y )

(3.20)

After, performing the dp and dpz integrals, the closed 

form of this scattering amplitude can be obtained as

H
Re If

HEA 2% ki
-h C2 i2 (^i2» y2 }^ ' y2

| 2\ 12 ^i » J

(q + y )
(3.21}

The evaluation of the integral I2 is given in the appendix.

Now the integrals in Re 2 f^g^

same as Re If
HEA

in (2.20) are 

Here the integrand is simpler than

Re If . After performing dr, integration, we will get 
HEA ' 1

H
Re 2 f

HEA 1st- ) <p f*p 7
dp.

n2k2 'ap. ' '«y ' _i Pz - P.
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(|q - p|2 + p 2)
2 '2q + 2y

p t 2 2\
y (q + y )

/ , ,2 2 2x ,2 2 2*"1,
(la— pi + p7 + y ) - ip + p7 + y ) J

(3.22)

Following the same proceedure for dg and dpz integrals as 

discussed above, the closed form of this real part can 

be obtained as

H
Re 2 f

HEA %

Io (Pi.O)
2. - (   k . ) (  \ r 

2, 2 ^ dy ' ^ d8. ' 1 2, 2
^ 7 Fi q ' + y

i3 (Pj, y)
I, CP, , yA ] (3.23)

The integral 1^ is given in appendix.

For He following the same procedure for H 

the corresponding terms will be obtained by using (3.12), 

(3.15), (2.12), (2.19), and (2.20).

He . 3 , H (Vk}
^ f = ?ir E [ - a ( jf-) —

m HEA J,k=l k dyk y 2 +

B kk

*4 )

+ B kj
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( Ji. 
K dy- )

r* / 2 2h (Yk * Yj )

j 2 2 
Yk Yj

tA, s k
»and Bkk s and e ■Y, s ? B: . k * kj

1 s are constants

as

Y1 = 2.82 , A1 = 13.573, B11 = 92.1074,

IIC
M

C
Q 117.604 , y2 = 5.22, A-j = 8.665,

B22 ~ 37.5392, B23 = 187.931, *3 = 21.689

(3
3

C
O C
O II 235.208 B31 =: 294.376 , Y3 = 4.02 and

(3.24)

H(Yk) . 2 I (pt2, yk2 ) - T
(q + yk )

He
Re 1 f

HEA n ki j,k=l \ ( at >
H'(vk)

- B,.„ ( r#- ) ( —
kk dy.

yk2) 

2 2 
Yk ’ Yk

Here H (y, ) =

Bu• ( A ) ( A 
kj dyR dy •

2 I2 (P^, yk2)

Y / 2 2 \Yk ’ Yi } 
----------2------

Yk Yi

(3.25)
2

, y y s(q + yk )
I2(Pi2,0)

He
Re 2 f

HEA „ 2, 22n k.
3

3
Z

3 , k=l
( } ^ V 5yT ) Hll(Yk)
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Bkk / JL. ) ( _£>__  )
2 ayk ayk

2 2
X5( Yk > Yk j

5ll h__a.
2 ' dyk ^dyj

2 2
i5(yfc ’.Yi )

J 2 2 J 
Yk Yj

(3.26)

Ifwhere H (yk)
I3^i»0^ I3^i’ yk ^
_ _ +
q + yk yk

2 2
h ( Pi »k ) (3.27)

2 2
I5(yk » Yj )

2 2 2 2
Z3 ( ’ yk } “ X4 ( yk * yj }

( Yk' + yj } + 13i * y4 }

(3.28)

The mean excitation energy for hydrogen and helium are 

taken as . 465 and 1„3 respectively. For the calcu­

lation of the third Glauber term we followed Yates 

( 1974 ) and obtained

H
f ( X )

G3 o'16k.'
l

ay )( 2 2 
q + y

[ 4 log
/ 2 ^ 2k(q + y )

__ .
2

+ _S_ _ 2A(q, y2) ]

(3.29)
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where A ( q, y2 ) 2( In n
6 + l 

n=l

2/ 2 
q h
n

n
) for 3— < 1

y

£ Ln y-/q2)n (3.30)

n=l n

Singh and Tripathi ( 1980 ) had evaluated the 

Glauber term and of Yates ( 1974 ) and the simplified 

form of this was given by

He 9

% “ 1 X- + 3X32 ] (3.31)

X31 and X32

Exchange is 

( Joachain

are defined quantities

included through Ochkur 

1975 ).

approximation

g o
/ Ttdr

3 J

*

exp ( i q.r. ) IjJ (r ) f (r.)
~ J X J x J

(3.32)

Substituting (3.13) in above equation, we get for 

hydrogen atom.

H 4

, 2/ 2ki ( Y + q
2 )

2g (3 o 33)
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and we will get for helium by substituting (3.14) in 

(3.32)

He q 3 o o 2
g * - I A (k ) / [q^ + y(kT ] (3.34)

Ki k=l

where A (l) = J? y , A (2) = y ,

A (3) = AB ( y + y ) and y (l) = 2.82,

y (2) = 5.22, y (3) = 4.02.

The calculations for Li atom are given in the previous

chapter. The scattering amplitudes are calculated using 

the above equations.

- The differential cross sections can be obtained from the 

following relation for hydrogen

H 2 2
dcs «= i fd + g I + -f- I fd - g l (3.35)

and for helium atom we use the relation 

He 2
DCS = | f - g j (3.36)

Li 2 , ,
DCS = j fd | (3.37)

f^ is the direct scattering amplitude.

The calculations for f j "term for hydrogen 

helium and lithium -will be shown in next chapter.
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The state field can be defined as

vst = < h i vd i > -

where Vd is the interaction between the incident 

election and target atom. The Cox and Bonham static 

potential is given by

m ~ Kx
V t = Z E y e 1 /r . (3.38)

j=l

where Z is the atomic number y. and X. 
potential field parameter . The first Born 

is given by

s are the 

amplitude

m
2Z I 

3 = 1 ,2 v 2x(q + Aj )

(3.39)

Following the same method explained earlier the real 

and imaginary parts can be as follows.

(2) _ m
h { = ..-'x l

e H HA 2 ij = l

Y± Yj ( A. + Aj )
q2 ■ + ( X ^ + Xj )

(2)
m H£A

_2 m
-A— z
n ki i ,j=l

A Y; J1 (C’ Ai’

(3.40)

(3.41)

For the calculation of Das method we need second Born

term
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■B2 4 Z I Y, Y, / dk
1,J 1 3 (k2 - k2 - i e*)

( X7+ |K - k. | ) ( X. + {K - k.| )
i J- j X

= 4z Yj_ Y-j + i Aj) (3.42)

Re fB2 4z I Y- Ai,j 1 J R

Jm fB2 4 z ifj Ti Y5 AI

For X- 'V A.• ^ J
follows

the values of A^ and Aj are as

% = 2P
tan ^ (

A
2 PA ____ v

2 2 > - P + B
(3.4 3)

ana
1 , r A2 + P2 + B2 + 2PB i , „ . . n

In [ —55------- J (3.44)
A + P + B - 2PB4P

K. c,
1 J i J

O/t o ^ sy *2. *2.,2 q4 + 2 k.2 ( A:+ A.) + q2 ( A. A; )

v -z 2. 9( x-a. r
J

+

A s2 . \ . 'A- Aj + \ Aj
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B = k.(q2 + X) + \Z + 2\. A)
J. t i * «

For \ -- ^

__ 2 x”2 ,2 2.1/2( A7 + 4k. A. + k q ) '
l

tan-1 [ q A
-A- 2.2. , 2"57X72

2( A. + 4k^ +k q ) '

q ( + 4^TTV)172 In

/ .. 2 x”2- ,22 a/2C A. + 4k. A. + k. q ) ' + k.q
j 1 * X In- --------------- j

, \4 2^ 2 2.( Xi+ 4k. X. + ki q ) kq

(3o45)

D Da and b will be obtained by using the formula (1.55 )

Putting z = 1, z = 2, z = 3 in the above equations 

the corresponding term., for hydrogen, helium and lithium 

atoms will be obtained. The values of A^'s and ’s are 

given in the tabJe. The total cioss section for the 

present method is obtained through tho equation

HI
a k.

i

[ a I f 
L m

(2)
+ b He f

(2)

HEA HEA
]
0 = 0

(3.46)
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For simple HHOB the total cross section will be obtai­

ned using

HHOB
a

4%
k.

1

(2)
C Jm f Vom HEA-

(3.47)

For D as method,

D
a

4n
ki

D
m rB2

+ bD Re fB2 Vo

(3.48)

3.4 Results and Discussions :

3.4.1 Hydrogen Atom

HI HIX
The values of parameter a and a used 

in present method for hydrogen atom are shown in Table 3.1. 

The differential cross section and total cross section 

for the present method are compared with other theore­

tical results and available experimental data in .Table

3.3 and 3.2 and in figures 3.1 to 3.3 . Eventhough

HI H11the parameter a are independent of angles a are

dependent on scattering angles. It can be seen in the 

HIItable that a increases with energy for a fixed angle

but decreases with angle for a fixed energy. From the 

table it can be seen that for 100 eV the value of 

a^^ is less than a^ from 40° onwards. At 200 eV



HII 0
the value of a is less than 30 onwards and 

for 400 eV 30° onwards. Hence at low angles the 

differential cross section is high for HII and call 

method than respective HI and wl methods. Due 

to the same reason the total cross sections are 

less than that obtained in EBS. Compairing our 

results with PI and Williams we can see that 

the present calculations are very near to the experi­

mental values than PI. The difference between PI 

and our results are also not much noticeable.

Hence we can , justify the use of HHOB terms in 

place of second Born terms.

We have calculated the DCS up to 80° because 

the HHOB approximation and Wallace trajectory 

corrections will give good results on small angle 

region. At large angles they overstimate the

results of other workers . From -the table we can 
see that for angles more than 40° the values of col 

and coll are less than corresponding HI and coll
values. In col and coll the—^75— term of HHOB

k ZKi

approximation is replaced by the coriesponding term 

in Wallace correction. The'values of cal and gjII 

showed more agreement with the experimental result

than HI and HII . Hence the replacement of
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Wallace term is justified. At 400 eV the agreement 

of our results with the experimental results are 

excellent. Hence we can conclude that our present 

method is very good for intermediate and higher 

energies for small angle region.

In table 3.2, the total collisional cross 

sections for different energies are shown for e - H 

scattering and compared with other data. It can be 

seen that our results are always smaller than those 

of EBS and de Heer et al results, the difference 

decreases with increase in energy. But Das results 

are always higher. The PI values are almost same 

as ours.

Thus from the above discussion, we conclude 

that the modification of the input trial scattering 

function in the present investigation improves the 

results of total collisional cross section and diffe­

rential cross section at low scattering angles for 

electron by hydrogen. This improvement encourages us 

to apply HI, col, HII and toll methods to other atoms. 

In the next section the results for the elastic sca­

ttering of electron by helium atom are presented.
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3.4.2 Helium Atom

The differential cross section for helium

atom for the energy range 200 eV and 400 eV are

calculated using the expressions given in section 3.2

and 3.3 . The present DCS are compared with other

theoretical and experimental data available in

table 5. The results are found to be encouraging

following the comparison. In fig. 3.5 and 3.6 the

present results are compared with other recent data

( modified Das (PI) of Kusum Lata, EBS results of

Byron and Joachain ( 1977 ), experimental data of

Bromberg ( 1974 )'. In table 3.4 the values of para- 
HI nilmeter a and a calculated for helium atom are

shown. From the table 3.4 we can see that the para- 
HIImeter a decreases with increase of scattering 

angle for fixed energy as obtained in the case of 

hydrogen.

It can be seen from the table 3.4 that the 

present HII and usll give better agreement with 
the experimental data up to 30°. Afterward HII and 

u)II are lower than those of experimental data.

The values of HI and ml gives better agreement in 

these region. The calculations for DCS are carried 

out for energies 2C0 eV and 400 eV, since the study 

at few chosen energies is sufficient for the prediction
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of the behaviour at other energies, the present study was

confined to only those energies with an abundance of data 

available,

At 400 eV it is found that the results of

HI and wl yields better agreement with experimental

results in comparison with HII and w’H. It is noticed

from fig. 3.5 that in HI method the differential cross

sections are less than that in HII for low values of

scattering angle and are greater than that in HII at

large angles. This is due to the fact that in HI the 
H Xparameter a is Independent of scattering angle and 

is roughly equal to the average value of the parameter 
a^^^ which is used in HII method.

From the above discussion we can conclude 

that the present modified Das is well suited for 5 - He 

atom collision also.

3.4.3 Lithium atom :

The differential cross sections ana totoal

collisional cross sections are calculated for e - Li

atom scattering for a variety of incident energies and

a wide range of scattering angle using above disscussed
HIImodified Das method. The values of parameters a 

H Tand a used for the c aloulations are, shown in table 3.6.
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We have calculated the DCS for energies 100 eV to 400 eV

and total collisional cross sections for energies 100 eV

to 1000 eV. Since the experimental values are not avil-

able in the energy range we have compared our present

results with other theoretical data which are close to the

experimental values. From table 3.6 we can see that the
HIvalue of parameter a is independent of angles but 

HXXa is dependent on angles. For a fixed energy the
HII HIvalue of a decreases with increase of angle, a >

H11is always greater than a for e - Li atom collision’. 

Hence we can see from table 3.8 that the values for 

DCS using HI. and wl methods are always greater than 

corresponding HII and wll for all energies and all 

angles.

For 100 eV we have compared our result 

with those of MGA and EBS. It is' a well known fact 

that the EBS results over estimate the experimental 

results for all the energies. This being due to the fact 

that the QJLauber series converge slowly. Hence the 

large values of our results compared with EBS is a 

good omen that our results are better than EBS results. 

Further the agreement between our results and MGA result 

shows that the present formulation is well suited for 

e - Li atom scattering.
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For 200 eV we have compared our results 

with M3 A and Tayal et al. For the angles up to 20° 

our results of HI and wl increases the results of 

Tayal et al and afterward the difference decreases.

The results of HII and toll are less than those of Tayal 

et al from 20° onwards. For 300 eV and 400 eV we 

have compared the present result with Rao and Desai 

(1983). They have calculated the DCS using HHOB appro­

ximation picturing lithium as single electron system 

having an inner core. But we have done exactly by consi­

dering lithium as a 3 electron system. Further we have 

used the modified Das method. Hence the result of their 

calculations are slightly different than ours.

From the above discussions we can conclude 

that the present modified Das method using HHOB second 

Born term in place of Second Born term are well suited 

for e _ H, e - He and e - Li atoms scattering problems. 

The Wallace type of trajectory correction improved the 

result.

3.4.4 Total elastic cross section ( TECS )

The' total elastic cross section using the 

static potential is calculated for hydrogen, helium and 

Lithium atoms. The calculations are done using the 

expressions given in the previous section. The results
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of the method, Das method and the HHOB approximation are 

shown in table 3.9 and figures 3«10 along with other 

theoretical and experimental data.

From table 3.9a we can see that result for .

100 eV is less than those of Winters et al ( 1974 ).

The HHOB result is still lesser. For more than
than

100 eV our results are some what higher^those of Winters 

et al, discrepancy being less than 4 From able

3.9b we can interfere that the present calculations 

for helium atom is slightly less than those of 

Winters et al for the whole energy range. HHOB results 

are still .lower. Das results are higher than those of 

Winters et al. For lithium atom we have calculated the 

THCS from 100 eV to 1000 eV. We have compared the 

results of present calculations with those of Das method, 

HHOB approximation and the results of Guha and uhosh 

( 1979a). We can see from the table 3.9c that all the 

results are some what equal with slight difference.

From the above discussions we can conclude that 

the replacement of higher order -Born terms using the 

HHOB approximation Born terms in Das method is justi­

fied in the limited range of energy of the incident

electron.
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Table ; 3.6 : a - The values of parameters aH^

fox the elastic scattering of the 

electrons by lithium atom.

Angle 100 200 300 400

5 7.832(-l) 8.5861-1) 8.8941-1) 9.068(-l)
10 7.089 (-1) 7.882(-l) 8.232(-l) 8 ,43l(-l)
15 6o386(-l) 7.17l(~l) 7.507(-l) 7.7191-1)
20 5.7431-1) 6.4531-1) 6«8Q0(-l) 7.045(-1)
25 5 ol49(-l) 5 . 809(-1) 6o207(-l) 6.5131-1)
30 4.6081-1) 5.281(-1) 5.750(-l) 6.109(-1)
40 3.668(-l) 4.320(-l) 4.93l(-l) 5*915(-1)
50 4.6711-1) 4.682(-l) 5.7331-1)
60 2 o879(-l) 3.7211-1) 4.2601-1) 4.913(-1)
70 3.4571-1) 3.9461-1) 4.648(-l)
80 3.178(-l) 3.8071-1) 4*2831-1)
90 2.2851-1) 3.0281-1) 3.5061-1) 3.836(-l)

100 2.1141-1) 2.869(-l) 3.374(-l) 3.762(-l)
110 2 o047(-l) 2.811(-1) 3.215(-1) 3.3921-1)
120 1.9821-1) 2.6411-1) 2.058C-1) 3.3721-1)
150 1.8321-1) 2 . 375(-l) 2.8451-1) 3.1591-1)

Table : 3.6 : b - The value
e - Li.

of parameter a fo^

Energy 100 200 300 . 400 500
HI

a 8.029(--1) 8.9931-1) 9.3511-1) 9.5311-1) 9.6111



97

Table : 3.7 : The total collisional cross section

for the elastic scattering of electrons 

by lithium atom.

c
eV Present EBS EBS(IC)

100 18,942 19.9 18.5

200 10.464 11.1 10.3

400 5.728 6.08 5.67

700 3.501 3.72 3.48

1000 2.554 2.72 2.54
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