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A P P E N D I X  A

E v a l u a t i o n  o f  S c l  [ r  a n d  <  e i £ - ( r ( t ) - r ( a ) )  > 0

I n  o r d e r  t o  e v a l u a t e  t h e  a v e r a g e  <  e ^ - ( r ( t ) - r ( a ) )  > 0  ̂ i t  i s  n e c e s s a r y  t o  e s t a b l i s h  a  

c h a r a c t e r i s t i c  f u n c t i o n a l  ( 3 1 ) ,

< e x p {  ( i / £ ) J d t f ( t ) . r ( t )  } > 0 ,

w h e r e  f ( t )  i s  a n y  a r b i t r a r y  f u n c t i o n  o f  t i m e ,  a n d  t h e  a v e r a g e  <  . . . .  > o  i s  d e f i n e d  a s

E q u a t i o n  ( A . l )  s u g g e s t s  t h a t  i f  t h e  a c t i o n  S o  i s  q u a d r a t i c ,  t h e n  s o  i s  t h e  a c t i o n  ร 0 ' =  ร 0

< e x p  { (i/fi)|Tdt F(t).r(t) } > 0  =  e x p  { (i/£)[S 'ocl [ ? V ]  - Socl [ ? ' , ? ]  ] } ,  ( A . 2 )

w h e r e  S ' o c l [ r  " ,  r ' ]  a n d  S 0 c l [ F " , r ' ]  a r e  t h e  c o r r e s p o n d i n g  c l a s s i c a l  a c t i o n s  o f  L /0 ( q r ; t )  

a n d  L 0 ( r ,r ; t )  r e s p e c t i v e l y .  T h i s  m e a n s  t h a t  t h e  t h e  p a t h  i n t e g r a l  o f  e q u a t i o n  ( A . l )  c a n  b e  

r e d u c e d  t o  a n  e x p o n e n t i a l  f u n c t i o n .  O n c e  t h e  c l a s s i c a l  a c t i o n  S ' o c l f r  " , โ ' ]  h a s  b e e n  

o b t a i n e d ,  t h e  c l a s s i c a l  a c t i o n  S o c l f r  " 5?  ' ]  c a n  b e  o b t a i n e d  f r o m  i t  b y  s e t t i n g  f ( t )  

i d e n t i c a l l y  z e r o .  T o  o b t a i n  t h e  c l a s s i c a l  a c t i o n  S ' o c l t ? " 5? ’''] w e  n e e d  t o  f i n d  t h e  c l a s s i c a l  

p a t h  w h i c h  c a n  b e  o b t a i n e d  b y  m a k i n g  a  v a r i a t i o n  o n  ร , 0 [ r ( t ) ] .  I n  o r d e r  t o  m a k e  a

+  JT d t f ( t ) . r ( t ) .  F r o m  F e y n m a n  a n d  H i b b s  ( 1 9 6 5 ) ,  t h e  p a t h  i n t e g r a l  o f  e q u a t i o n  ( A . l )  

c a n  b e  c a r r i e d  o u t  e x a c t l y  a s



v a r i a t i o n  o n  S ' o [ r ( t ) ] ,  w e  b e g i n  w i t h  t h e  L a g r a n g i a n  L ' o ( ï \ r ; t )  w h i c h  c o r r e s p o n d s  t o  t h e  

t h e  a c t i o n  S ' o [ r ( t ) ] ,

L ' o ( r , r , t )  =  ™ (  X2 +  y 2  ) + ^ ( x ÿ  -  y x )  +  F(t).f(t), ( A . 3 )

w h e r e  r  =  r ( x , y )  i s  t h e  p o s i t i o n  v e c t o r  o f  a n  e l e c t r o n  i n  t h e  x y - p l a n e .  C l e a r l y ,  f r o m  

( A . 3 )  t h e  L a g r a n g i a n  L 0 ( r ,r , t )  w h i c h  c o r r e s p o n d s  t o  S o c l [ F " , r  ๆ  c a n  b e  o b t a i n e d  b y  

l e t t i n g  F(t) e q u a l  t o  z e r o .

W e  n o w  w i s h  t o  e v a l u a t e  t h e  c l a s s i c a l  a c t i o n  o f  a n  e l e c t r o n  w h o s e  L a g r a n g i a n  i s  

g i v e n  b y  ( A . 3 ) .  A f t e r  a p p l y i n g  t h e  v a r i a t i o n  o n  ร , 0 [ r ( t ) l ,

w h e r e ,  ร , 0 [ r ( t ) l  =  / r  L ' o ( r , r , t ) d t , ( A . 4 )

w e  g e t  t h e  e q u a t i o n s  o f  m o t i o n ,

L ' o ( r i r i t )  -  ^  L ' o ( r , r , t )  =  0  ( A . 5 )

^ L ' o ( r i r i t )  -  J y  L o ( F p t )  =  0 ,  ( A . 6 )

w i t h  t h e  b o u n d a r y  c o n d i t i o n s  f ( 0 )  =  r  '  =  ( x ' , y ' )  a n d  r ( T )  =ะ โ ' '  =  ( x " , y " ) .

I n  p r i n c i p l e ,  b y  s u b s t i t u t i n g  E q .  ( A . 3 )  i n t o  E q .  ( A . 5 )  a n d  ( A . 6 )  o n e  c a n  g e t  t h e  

e x a c t  s o l u t i o n  o f  t h e  c l a s s i c a l  p a t h  i c l ( t )  o f  a n  e l e c t r o n  d i r e c t l y .  H o w e v e r ,  i n  r e a l  

p r a c t i c e  t h i s  i s  r a t h e r  c o m p l i c a t e d  t o  p e r f o r m .  T o  a v o i d  s u c h  a  c o m p l i c a t i o n  w e  w i l l  

s o l v e  ( A . 5 )  a n d  ( A . 6 )  i n  t h e  f o l l o w i n g  w a y .
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B y  u s i n g  t h e  2 x 2  

h a s  t h e  p r o p e r t y  J 2  =  - 1 

t h e  f o r m

L o ( p r , t )  =  y f 2 - * y - f J f1 +  , ( A . 7 )

/  X \  /  f* \  r  r
w h e r e  5 _==^ j , fj_= ^  f  j,  rx a n d  f ^ a r e  t h e  t r a n s p o s e  o f  r±  a n d  fx  r e s p e c t i v e l y .  T h e  

e q u a t i o n s  o f  m o d o n  ( A . 5 )  a n d  ( A . 6 )  a r e  t h e n  r e d u c e d  t o  o n e  e q u a t i o n  a s

m a t r i x  i n t r o d u c e d  b y  P a p a d o p o u l o s  ( 3 0 ) ,  J  =/ w h i c h
I 0
0 1 , , t h e  L a g r a n g i a n  i n  E q .  ( A . 3 )  c a n  b e  r e w r i t t e n  i n

(  d 2  +  Q J D  )  r±  =  i  , ( A . 8 )

w i t h  t h e  b o u n d a r y  c o n d i t i o n s  

t h e  d i f f e r e n t i a l  o p e r a t o r  D  =  ^  .
r± ( ° )  =  r /  = (  Y , J  a n d  5 ( T )  =  r /  = ( 1 y / / j , w h e r e  

T h e  s o l u t i o n  o f  E q . ( A . 8 )  i s  e x a c t l y  a n d  w e  o b t a i n  t h e

c l a s s i c a l  p a t h  o f  a n  e l e c t r o n

r c l ( t )  =  s i n ( f l T / 2 )  e - ^ / 2 [ s i n ( y ( T - t ) ) r i , +  s i n ( ^ y - ) e  ^ J T / 2  x "  ]

'  ( m Q / 2 ) s i n ( Q T / 2 ) 4  โ s i n (~ 2 “ ) s i n (  2 r C T -t) )H ( t-s )

+ s i n ( y ) s i n ( y ( T - s ) ) H ( s - t ) ] e ^ J ( s "t) / 2 f ï ( s ) d s ,  ( A . 9 )

w h e r e  H  r e p r e s e n t s  t h e  H e a v i s i d e  s t e p  f u n c t i o n .  W e  n o w  s u b s t i t u t e  ( A . 9 )  i n t o  ( A . 4 ) ,  

a n d  w e  f i n d  t h e  c l a s s i c a l  a c t i o n  c o r r e s p o n d i n g  t o  t h e  L a g r a n g i a n  L ' o ( r , r , t ) ,

S ' o c l [ r " , r  ๆ  =  S o c l [ r  " ,r  ๆ  + s i n ( Q T / 2 )  l J l ( t ) e ~ ^ Jt</ 2 [ s i n ( y - ) e ^ J T '/ 2 r1//+ s i n ( y ( T - t ) ) r J d t  

-  f l — [ s i n ( ^ ) s i n ( f  ( T - t ) ) H ( t - s ) + s i n ( I y ) s i n ( § ( T - s ) ) H ( s - t ) ] f / t ) e ^ ( s - 0 / 2  fj(ร )d s d t

(A. 10)
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w h e r e

S o c l [ r  " ,r  ๆ  =  y [ 2 ' c o t ( ^ ) ( r [ ' 2 +r1' 2 ) - Q c o t ( ^ y - ) ^ r L, - y ( Ç j r " - Ç j r [ ) ] ,  ( A .  1 1 )

i s  t h e  c l a s s i c a l  a c t i o n  c o r r e s p o n d i n g  t o  t h e  L a g r a n g i a n  L o ( r , r , t ) .  F r o m  E q .  ( A . l  1 ) ,  a f t e r  

a p p l y i n g  t h e  n o t a t i o n  r'= ( x '  y'), r"= ( x "  y " )  a n d  J =  (๐ 1 ] ,  w e  t h e n  o b t a i n  t h e
น ฯ

c l a s s i c a l  a c t i o n  i n  t h e  u s u a l  r e p r e s e n t a t i o n  a s

S o c l ( r " , f  ๆ  =  | [  § c o t ( Ç ) ( ( x " - x ' ) 2 + ( y " - y ' ) 2  ) + n ( x ' y " - x " y ' )  ] .  ( A . 1 2 )

F r o m  E q .  ( A . l )  a n d  ( A .  1 0 ) ,  w e  f i n a l l y  g e t  t h e  g e n e r a t i n g  f u n c t i o n a l  

< e ( i / ^ ) i ^ d t f ( t ) - r ( t ) > 0 = e x p [ ^ { s i n  ÇQ  T / 2  ̂ | t ) e - ^ / 2 [ s i n ( ^ ) e Q J T / 2 r " + s i n ( j ( T - t ) ) i ( ] d t

+ UsTnh w fo-c [sin(f)sin(gcr-t))H (t-s)

+  s i n ( y ) s i n ( y ( T - s ) ) H ( s - t ) ] § : t ) e Q j ( s - t ) / 2 f ^ s ) d s d t ) ]

( A . 1 3 )

B y  t a k i n g  f ( t )  =  ( 5 ( t - x )  -  5 ( t - o ) ) # k  o r  i n  t h e  m a t r i x  r e p r e s e n t a t i o n

f i t )  =  ( § ( t - x )  -  § 0 - 0 ) ) % , ( A . 1 4 )

w h e r e  k x= x , a n d  a f t e r  c o m p l e t i n g  t h e  i n t e g r a t i o n  w e  g e t  t h e  f i n a l  r e s u l tV

< e i £ ( r ( r ) - r ( o ) ) > 0  =  e x p [  ^ { / i ( k x A ( t , a )  +  k y B ( x , a ) )  -  f i 2 k 2 C ( x , o )  } ] ,  ( A . 1 5 )  

w h e r e

A ( x , a )  =  4  s i  11( Q  T / 2  ) C (x/' - x /) c o s y ( T - ( T - K r ) ) s i n y ( T - o ) - ( y //- y /) s i n ^ 2 ' ( T - ( x 4 o ) ) s i n y < T - o ) ] ,

(A. 16)
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B ( t , a )  = 4 s i n ^ T / 2 ^ ( x " - x ' ) s i n y ( T - ( ( T + a ) ) s i n y ( T - a ) - ( y " - y O c o s i y ( T - ( T - a ) ) s m ^ y ( T - < 7 ) ]

( A . 1 7 )

a n d  C ( T , o )  =  m ^ s in 1( Q T / 2 ) S i n 2 ^ r ' (^ o ) ) s ๒ ^ - ° ) -  ( A - 1 8 )

H o w e v e r ,  i n  t h e  e v a l u a t i o n  o f  t h e  d e n s i t y  o f  s t a t e s  t h e  e n d  p o i n t  โ "  a n d  t h e  i n i t i a l  p o i n t  

โ '  a r e  t h e  s a m e .  I t  t h e r e f o r e  f o l l o w s  t h a t

< e & « 0  - r » ) > o = exp [ - M e* Si n[ Q( T~ a ( Q V 2 ) ' a>/21 ]• (A. 19)
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A P P E N D I X  B

L i m i t i n g  C a s e  o f  t h e  D O S  w h e n  t h e  M a g n e t i c  F i e l d  G o e s  t o  Z e r o

F r o m  ( 3 . 4 2 ) ,  w e  h a v e

n ( E )  =  nc/zO(27tr2)-1/2 I  e x p  [ -  | p 2 ]• ( B . l )

H o w e v e r ,  i t  i s  m o r e  c o n v e n i e n t  t o  i n v e s t i g a t e  t h e  l i m i t i n g  c a s e  o f  ( B . l )  w h e n  t h e  D O S  

i s  e x p r e s s e d  i n  d i m e n s i o n l e s s  u n i t s  a s  i n  ( 3 . 4 6 ) ,  s o  w e  w r i t e

ท ( E )  =  n 0 x ( 2 j t r 2 ) - 1 / 2 1  e x p  [ -  ] ,  ( B . 2 )

w h e r e  X =  #Q/El , V =  E/El , r '2 =  » and El =  Æ2 / 2 m L 2 . W h e n  t h e  m a g n e t i c  f i e l d

B  — 0 ,  c o r r e s p o n d i n g  t o  X— 0 ,  t h e n  r '2— a n d  ( B . 2 )  b e c o m e s

ท ( E ) ]

f x  2 çr+(è -è )nx-2l f )(B'3)
W h e n  X— 0 ,  ( B . 3 )  m a y  b e  r e w r i t t e n  i n  a n  i n t e g r a l  f o r m  a s

ท(E) = ท0* ( ร เ ^ exp[ - + | % -  2Ç 7 ] พ xp[- ( ■ Ç T - Ç j j y -  | § ] d y .

( B . 4 )

H e r e  w e  t a k e  n x  =  y  a s  a  v a r i a b l e  o f  i n t e g r a t i o n .  U s i n g  t h e  i n t e g r a l  f o r m u l a  ( 4 3 ) ,  

J e x p t - W -  J p - j d y  =  ■ พ  e x p [  P t 2  ] [ 1 - 0 ( y V P ) ] ,  ( B . 5 )
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w h e r e  0 ( x )  =  ( 2 A / ï t  ) J e x p [  - t 2  ] d t  ( B . 6 )

i s  t h e  p r o b a b i l i t y  i n t e g r a l ,  t h e n  w e  o b t a i n

n ( E )  =  ( l / 2 ) n o [ l - 0 ( ( 2 - 4̂ ) ^ ) ] .  ( B . 7 )

W h e n  X— 0 ,  ( B . 8 )  c a n  b e  r e d u c e d  t o

ท ( E )  =  ( l / 2 ) n o [ l - 0 ( -  ^ > ) ] •  ( B . 8 )

U s i n g  t h e  f o r m u l a  ( 4 3 )

l - 0 ( ^ )  =  D _ 1 ( Z ) ,  ( B . 9 )

w h e r e  D _ i ( z )  i s  t h e  p a r a b o l i c  c y l i n d e r  f u n c t i o n ,  t h e n  ( B . 8 )  b e c o m e s

ท ( E )  =  ( l / 2 ) n 0 e x p  [ - ^ ]  ^ ) .  ( B . 1 0 )

A f t e r  a p p l y i n g  t h e  a s y m p t o t i c  e x p a n s i o n  o f  t h e  p a r a b o l i c  c y l i n d e r  f u n c t i o n  D p ( z )  w h e n  

z —  -«>  ( 4 3 ) ,

D p ( z )  =  ■  f § “  e i7 lf^ x P  [ 4 โ  ] z  ' P ' 1
1 ( p + l ) ( p + 2 ) ) ,  ( B . l l )

w e  f i n a l l y  o b t a i n

ท ( E )  =  n 0 , ( B . 1 2 )

w h e r e  n o  =  m / i r / i - .



A P P E N D I X  c

T h e  T r a n s f o r m a t i o n  o f  E q .  ( 3 . 3 5 )  i n t o  E q .  ( 3 . 5 1 )  a n d  E q .  ( 3 . 5 4 )  

F o r  a  u n i f o r m  s y s t e m ,  t h e  D O S  i s  r e l a t e d  t o  t h e  d i a g o n a l  e l e m e n t s  o f  K  b y

ท ( E )  = ( ร / ฝ ! )  I  d T  K ( 0 , 0 ; T )  e  i E T / / i

( ร / K h )  R e J ( T r K ( 0 , 0 ; T )  e i E T / t f  ( C . l )

F r o m  ( 3 . 3 5 ) ,  ( 3 . 3 6 ) ,  ( C . l ) ,  w i t h  K o ( 0 , 0 ; T )  =  ( ;2 r a /tT  ^ 2 s i n ( Q T / 2 ) ) ’ w e  o b t a ๒

ท ( E )  = R ^ o d T ^ 2T ri/iT  ^ 2 s i n ( O T / 2 ) ^ e x p  1 iE T /%
-  J  d y  (  1 +  8 1 ฝ ท ( Q ( T - y ) / 2 ) s i n ( 0 y / 2 )  v  1 

2 f p -  0  y  { x s i n ( Q T / 2 )  )  J- { C 2 >

U s i n g  t h e  f o r m u l a  

s i n ( O T / 2 ) e i £ 2 T / 2 _ e - i i 2 T / 2

a e - i f l T g —

=  2 i  E  e  - i (ท +  1 / 2 ) Q T  ( C . 3 )

t h e n  ( C . 2 )  b e c o m e s

ท ( E )  = n 0 ( Q /7 t )  E  R e  J  d T  e  i ( E  -  « 2 (ท-+ 1 / 2 ) ) m  +  f ( T ) f ( C . 4 )

w i t h  f ( T )  = ^ L t  [ ' ไ  / 1 8 i s i n ( Q ( T - y ) / 2 ) s i n ( f 2 y / 2 )  v  1 
2 - 2  J d y ( l +  x s i n ( Q T / 2 )  > -

A p p l y i n g  t h e  i d e n t i t y  o f  a  t r i g o n o m i c  f u n c t i o n ,

s i n A s i n B  =  ( l / 2 ) [  c o s ( A - B )  -  c o s ( A + B ) ] ,  ( C . 6 )
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a n d  l e t t i n g  £ 2 ( T - y ) / 2  =  y ' ,  w e  g e t

f m  =  d y '
{ )  ' พ ิ^  2 i Q  ; 6 ( x / 4 i ) s i n ( Q T / 2 ) - c o s ( ^ T / 2 ) 4 c o s y ' - i U - / j

W e  t h e n  d e f i n e  Ç l '  =  ^l /E l 2, V =  E / E L  a n d  X =  # Q / E L , a n d  f r o m  ( C . 4 )  a n d  ( C . 7 )  w e

g e t

ท ( E )  = ( 2 / 7 t ) n o  2  J d T R e  e  2 i ( v / x - ( n + l / 2 ) t  ) +  f  ( 0  { C  8;)
ท -  6 6

w h e r e  f  ( t )  = 2 i x  s i n t  o ( x / 4 i ) s i n t - c o s t + c o s y  ■ ( C - 9 )

T h e  i n t e g r a t i o n  i n  ( C . 9 )  c a n  b e  p e r f o r m e d  a n a l y t i c a l l y . W e  t a k e  t =  7 t N +  0  ( - 7 t / 2 < 0 < - 7 t / 2 )  

s o  t h a t  ( C . 8 )  b e c o m e s ,

n ( E )  = n 0 Z K ( v - x ( n + l / 2 ) ) ,  ( C . 1 0 )

w h e r e  K ( v )  = ( 2 / t t )  J  d t  R e  e  2 i v t / x  +  f พ ,  ( C .  1 1 )

w i t h  f  ( t )  =  

a n d  a  =

-  < l t N + f l ) Ç ' L  2 ixs ' ^ - 1 [ l t N + 2 t a n - l ( ^ 1  t a n ( 9 / 2 ) J ,  ( C . 1 2 )  

( x / 4 i ) s i n 0  -  C O S 0 ,1 a - ^ a ^ l [ <  1 . ( C . 1 3 )a n d  a ( C . 1 3 )
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A P P E N D I X  D  

C o m p u t e r  P r o g r a m s

A l l  n u m e r i c a l  v a l u e s  g i v e n  i n  F i g .  1 5  w e r e  e v a l u a t e d  o n  I B M  P S / 2  c o m p u t e r  

u s i n g  p r o g r a m s  w r i t t e n  i n  F O R T R A N  I V  l a n g u a g e .  T h i s  a p p e n d i x  g i v e s  t h e  l i s t  o f  

m a i n  p r o g r a m s  a n d  s u b p r o g r a m s  f o r  s o l v i n g  a l l  v a l u e s  o f  d e n s i t y  o f  s t a t e s .

T h e r e  a r e  t h r e e  s u b p r o g r a m s  a n d  o n e  m a i n  p r o g r a m  u s e d  t o  e v a l u a t e  t h e  

n u m e r i c a l  r e s u l t s .  T h e  r e p r e s e n t a t i o n  o f  a l l  i n p u t  v a r i a b l e s  i n  t h e  p r o g r a m s  a r e  g i v e n  a s  

f o l l o w s .

F ( T H E T A ) r o u t i n e  n a m e

F a  f u n c t i o n  t h a t  d e p e n d s  o n  t h e t a  ( 0  )

X a  r a t i o  o f  c y c l o t r o n  e n e r g y  t o  l o c a l i z a t i o n  e n e r g y  o f  a n  

e l e c t r o n  ( f i Q j E ] J

X I L a  f l u c t u a t i o n  p a r a m e t e r  ( ^ L 0

E a n  e n e r g y .  F o r  a n  i n p u t ,  i t  i s  a n  i n i t i a l  v a l u e  o f  E .

G ( T H E T A ) r o u t i n e  n a m e

G a n  o s c i l l a t i o n  f u n c t i o n  o f  i n t e g r a t i o n

A a  l o w e r  l i m i t  o f  i n t e g r a t i o n

B a n  u p p e r  l i m i t  o f  i n t e g r a t i o n

X I a  q u a d r a t u r e  p o i n t  o f  t h e  L e g e n d r e - G a u s s  q u a d r a t u r e

Y I c h a n g i n g  t h e  v a r i a b l e  o f  X I

W I a  q u a d r a t u r e  c o e f f i c i e n t  o f  t h e  L e g e n d r e - G a u s s  q u a d r a t u r e

S U M T h e  d e n s i t y  o f  s t a t e s .
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T h e  s u b p r o g r a m s  a n d  m a i n  p r o g r a m  f o r  c a s e  X =  2  a r e  l i s t e d  r e s p e c t i v e l y  a s  

f o l l o w s .

(subprogram 1) FUNCTION F (THETA)
COMPLEX*16 F , Z , A X T , AXTM1ร AXTP15 RAXTP15 RAXTM1, R A 2 M 1 

$ ,  C l ,  C2,  FAC,ETA
R E A L * 8 X , X IL , ร , c ' A, A ร , ร ร , P I , TH ETA, R ร 
C0MM0N / CONSTS/X,X T L„N 

C
C TO COMPUTE THE DISORDER PART OF THE GREEN' S FUNCTION
c

DATA 2 / ( 0 . DO, 1 . DO) /
P I = 4 . D0 * DATAN( 1 . D0 )

c
S = D S I N( THETA)
C = D c 0 ร ( T H E T A )
F A c = 4 . D 0 * Z / X 
A X T = ร /  F A c -  c 
AXTM1 — AXT- 1 . DO 
RAXTM1=CDSQRT(AXTM1)

C
I F ( DABS ( S )  . L T . . 001D0) THEN
s s  = s* ร
A S = . 5 D 0 * S * ( 1 . D 0 + . 5 D 0 * S S * ( 1 . D 0 + . 2 5 D 0 * S S * ( 1 . D 0 + . 6 2 5 D 0 * S S ) ) )  
A = ร * A ร
RS=DSQRT(DABS( ร ) )
C1 = C D ร 0 R T ( D ร I G N( 1 . D 0 , ร ) *  ( 1 . D 0 + A ร * F A c ) / F A C)
I F( CDABS( AXT- RS*C1*RAXTM1) . G T . 1 . DO) C1 - - C1  
C2 = RAXTM1*DSIGN( 1 . DO, ร ) * R S / C l / ( 2 . DO — A)
FTA=C2*C2
ETA = 1 ? D 0 - E T A* ( 1 . DO/ 3 . DO-ETA* ( . 2 D0 - E T A* ( 1 . DO/ 7 . DO-ETA 

$ * ( 1 . D 0 / 9 . D 0 - E T A * ( 1 . D 0 / 1 1 . D 0 - E T A / 1 3 . D 0 ) ) ) ) )
F -  D F L 0 A T ( N ) * P I -t 2 . D 0 * c 2 * F T A 
F = F * R S * D S I G N ( l . D O , ร ) / C1/RAXTM1 

c
ELSE
AXTP1=AXT+1. DO 
RAXTP1=CDSQRT(AXTP1)
IF(CDABS(AXT-RAXTM1*RAXTP1)  . GT. 1 . D0) RAXTP1 = — RAXTP1 
R A 2 M 1 = R A X T P 1 * R A X T M 1
C1=Z*RAXTM1*DTAN(. 5D0*THETA) /RAXTP1 
F = DF L OAT ( N) * P I - Z * C DL OG( ( 1 . D0 + C 1 ) / ( 1 . D O - C 1 ) )
F =F * ร /-RA2M1 

C
E N D I F

c
F = . 5 D 0 * Z * F * XI L * ( D F L 0 AT ( N) * P I  +THETA) / X

c
RETURN
END
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c
c

( s u b p r o g r a m  2 )

c
$c

c
c
c

( s u b p r o g r a m  3 )

c

c

2
c

1
c

c
c
c

( m a i n  p r o g r a m )

c
100

c

FUNCTION G( THETA)
C0MPLEX*16 F , Z / ( 0 . D 0 , 1 . D 0 ) /
R E A L * 8 G, THETA, E , P I , X , XI L 
COMMON / C 0 N S T S / X , X I L , N  
COMMON / ENERGY/ E 
P I = 4 . D 0 * D A T A N ( 1 . D 0 )
G=1. 6 D0 *2 . D0* DREAL( CDEXP( 2 . D0 * Z* E* ( DFL0 AT( N) * P I +THETA)  

/ ( 2 . D0 * X)  + F ( T H E T A ) ) ) / P I
RETURN
END

FUNCTION PQUAD( A , B , FUN)
R E A L * 8 PQUAD, A , B , X I , น ! , c , D , Y I , F U N 
EXTERNAL FUN
PARAMETER( N = 4 8 , N 2 = N * 2)
DIMENSION X I ( N) , พI ( N) , Y I ( N 2)  
COMMON / GAUSS/  XI , WI
c = . 5  D 0 * ( ธ - A)
D = . E D O * ( B + A )
DO 2 I - 1 , N
Y I ( I ) = C * X I ( I ) + D
Y I ( I + N ) = - C * X I ( I ) + D
P Q U A D = 0 . DO 
DO 1 1 = 1 , N
P QUAD= PQUAO+FUN( YI ( I ) ) * WI ( I )
PQUAD = PQUAD + F U N ( Y I ( I  + N) ) *  ù I ( I )
PQUAD=PQUAD*C
RETURN
END

PROGRAM MAGNET
R E A L * 8 G , P Q U A 0 , X , L J , X I L , E , X I , W I , P I , S U M , P I 2 , A , H , X 0 , A 0  
EXTERNAL G
DIMENSION XI ( 4 8 )  , นI ( 4 8 )
COMMON / C ON S T S / X , X I L , N  
COMMON / ENERGY/ Ë 
COMMON / G A U S S / X I , น I
R E A D ( 1 , 1 0 0 )  ( X I ( I ) , น I ( I ) , 1  = 1 , 4 8 )
F ORMAT( 2 D2 4 . 1 7 )
P I = 4 . 0 0 * DATAN( 1 . DO)
P I 2 =  . 5 D0 * P I  
X = 2 . DO 
X I L = 8 1 . 6 D 0
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NSTRIP=8
DO 2 0 = -  6 0 , 1 5 0 , 2  
AO = D FLOAT( ว ) * . IDO
E-AO
SUM- 0 . DO
H- P I 2 / DF L 0 AT ( NS T RI P )
DO 5 1 = 1 , NSTRIP 
XO- DFLOAT( I —1 ) *  H

5 SUM-SUM+PQUAD( x o , XO + H 5 G)
H- PI / DFLOAT( NSTRI P)
DO 6 1 = 1 , NSTRIP 
X0 - - P I 2 + DF L OAT ( 1 - 1 ) * H

6 A-A+PQUAD(XO, XO+H, Q) 
SUM-SUM+A
I F( DABS( A)  . G T . l . D  — 6) G0T0 1 
E = E — ( 2 . D 0 * X )
I F ( E . G T . - 4 . DO)GOTO 3 
WR I T E ( 6 , * ) AO, SUM 

2 WRI TE( 8 , * ) AO, SUM
STOP

c NO
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N u m e r i c a l  V a l u e s  o f  t h e  D e n s i t y  o f  S t a t e s

T a b l e  1 .  N u m e r i c a l  v a l u e s  o f  t h e  D O S ,  f o r  &  =  1 . 7 ,  ÇL  =  6 . 8  m e v 2 ,  X = 2 ,  a n d  m  = 4  

m e V .

E ( m e V )
- 3 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 2 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 2 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 2 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 2 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 2 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

- 8 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E - 0 0 1  
—6 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 E —001 
- 4 . 0 0 0 0 0 0 0 0 0 0 0  0.0 0 0 E - 0 0 1  
- 2 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E - 0 0 1  

O.OOOOOOOOOOOOOOOE+OOO 
2 . OOOOOOOOOQOOOOOE-OOl 
4 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E  —001 
6 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 E - 0 0 1  
8 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E - 0 0 1

1 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 . 2 0 0 0 0 0 0 0 C 0 0 0 0 0 0  
2 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 1
4 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1
5 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 1
5 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1

ท(E) [ X 1()11 cnr^meV'l ]
1 . 1 0 3 7 3 0 5 2 6 6 0 0 0 8 5 E - 0 0 2  
1 . 6 6 7 2 9 0 8 0 7 8 7 0 3 3 8 E - 0 0 2  
?  Û 7 ร? Q O IT, ร ? QF— กก?
5 . 1 7 3 2 8 0 1 1 2 7 8 8 4 7 4 E - 0 0 2  
7 . 2 8 2 6 0 3 5 3 5 0 3 2 0 1 6 E- 0 0 2  
1 . 0 0 7 2 9 2 6 5 2 6 0 5 1 6  7 E- 0 0 1  
1 . 3 6 7 7 5 7 4 4 9 2 0 0 4 5 9 E - 0 0 1  
1 . 8 2 7 5 4 8 9 6 6 2 5 3 6 1 8 E - 0 0 1  
2 . 3 9 7 1 4 4 7 2 2 3 0 2 4 0 8 E - 0 0 1  
3 . 0 8 9 0 1 1 5 5 3 1 5 1 5 9 0 E —001 
3 . 9 1 0 4 0 5 1 1 3 6 5 7 6 5 2 E - 0 0 1  
4 . 8 6 2 9 2 9 9 7 3 9 8 6 2 6 0 E - 0 0 1  
5 . 9 4 0 4 7 4 J . 7 9 1 0 3 2 1 5 E - 0 0 1  
7 . 1 2 7 9 8 9 7 6 0 7 2 1 1 1 3 E - 0 0 1  
8 . 4 0 0 2 4 1 8 7 7 3 2 1 6 1 6 E - 0 0 1  
9 . 7 2 1 8 6 9 9 1 6 7 7 3 1 7 8 E - 0 0 1  

1 . 1 0 4 7 7 5 5 3 7 3 2 2 8 3 3  
1 . 2 3 2 4 8 1 9 3 2 8 3 8 3 1 8  
1 . 3 4 9 4 5 5 5 2 8 5 7 3 4 2 1  
1 . 4 4 9 6 6 0 9 2 1 0 5 3 1 4 7  
1 . 5 2 7 2 7 4 1 7 0 1 6 7 6 1 5  
1 . 5 7 7 1 5 3 6 8 7 8 0 9 4 8 4  
1 . 5 9 5 2 4 4 7 3 7 3 1 3 7 8 5  
1 . 5 7 8 9 9 5 5 5 6 2 0 6 2 6 9  
1 . 5 2 7 6 3 5 1 6 2 4 7 7 7 9 4  
1 . 4 4 2 3 9 2 7 3 0 1 6 5 4 7 5  
1 . 4 6 3 1 8 6 4 7 6 6 7 3 0 2 4  
1 . 3 6 7 9 5 1 6 6 2 1 3 7 2 5 9  
1 . 2 6 5 0 0 3 9 1 8 0 9 8 0 2 4  
1 . 1 6 3 8 5 6 0 7 9 8 8 6 9 3 0  
1 . 0 7 4 1 6 9 6 1 1 3 5 4 2 1 2  
1 . 0 0 5 2 5 3 2 7 9 2 4 7 4 1 2  

9 . 6 5 1 8 2 6 8 7 1 7 1 8 2 9 4 E  — 001 
9 . 6 0 0 6 0 1 4 8 3 2 1 8 3 1 7 E - 0 0 1  
9 . 9 3 2 6 8 3 9 5 9 3 6  9 6 8 7 E - 0 0 1  

1 . 0 6 5 0 1 9 1 1 6 6 9 5 9 3 8  
1 . 1 7 2 0 2 9 2 0 4 6 7 4 2 6 4  
1 . 3 0 7 5 8 1 6 9 3 8 8 6 7 9 9  
1 . 4 6 1 8 5 9 0 0 4 2 4 9 8 9 2  
1 . 6 2 2 6 2 6 8 9 5 3 9 9 9 1 7  
1 . 7 7 6 1 3 8 0 2 7 0 3 7 6 7 3  
1 . 9 0 8 3 1 4 4 2 3 8 8 3 2 7 4  
2 . 0 0 5 8 9 8 9 8 1 9 3 8 5 2 8  
2 . 0 5 7 6 9 4 5 1 8 1 7 7 6 6  7
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T a b l e  1 . C o n t i n u e  E  ( m e V ) n(E) [x  1011 cm" 2meV"l ]
6 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 1
6 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1
7 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 1
7 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1
8 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1
8 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1
9 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1  
9 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 1
9 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1

1 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
11 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 4 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 4 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 4 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 4 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 4 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 5 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 5 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 5 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 5 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 6 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
16 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 6 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 6 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 7 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 . 0 5 5 5 4 9 4 6 3 6 9 8 0 1 5

1 . 8 8 7 4 1 8 8 3 9 0 2 3 6 1 7  
1 . 7 2 7 3 8 0 7 3 7 5 6 9 0 6 3  
1 . 5 4 6 9 5 4 9 2 2 9 2 9 9 4 6  
1 . 3 6 1 8 5 2 9 1 2 7 8 0 7 3 2  
1 . 1 8 8 8 3 8 8 9 5 4 5 7 0 9 2  
1 . 0 4 4 1 8 0 5 8 3 2 6 0 8 9 5  

9 . 4 2 2 3 3 5 3 8 4 2 2 2 9 3 4 E - 0 0 1  
8 . 9 3 9 4 8 8 9 8 7 0 2 1 6 5 2 E - 0 0 1  
9 . 0 5 7 7 2 0 9 5 8 7 2 6 5 6 4 E - 0 0 1  
9 . 7 8 7 0 8 0 7 3 6 6 5 5 6 7 8 E - 0 0 1  

1 . 1 0 7 9 7 5 1 4 9 2 6 4 0 9 3  
1 . 2 8 3 1 2 2 3 5 5 4 5 3 2 5 6  
1 . 4 8 8 7 7 0 3 3 0 7 1 4 6 1 1  
1 . 7 0 5 8 1 1 1 8 5 2 5 4 1 3 3  
1 . 9 1 3 1 6 9 7 5 5 2 2 6 5 2 4  
2 . 0 8 9 6 5 2 0 6 2 6 5 5 9 0 6  
2 . 2 1 6 0 2 8 2 3 5 0 3 3 0 2 1  
2 . 2 7 6 7 9 4 4 0 3 1 4 6 6 0 6  
2 . 2 6 1 7 5 0 2 6 4 1 8 8 0 9 6  
2 . 1 6 6 5 6 8 4 4 9 7 6 0 7 4 0  
2 . 1 7 7 5 9 9 9 2 0 8 1 7 4 2 2  
1 . 9 9 4 3 6 2 7 5 4 0 2 0 3 7 8  
1 . 7 6 9 9 3 4 1 6 7 7 2 9 3 7 4  
1 . 5 2 4 2 3 3 1 1 6 7 8 9 2 0 0  
1 . 2 7 9 6 2 4 5 7 8 7 1 9 0 6 5  
1 . 0 5 8 8 5 2 0 9 1 6 7 4 2 7 0  

8 . 8 3 1 1 2 3 1 2 6 5 1 9 9 2 4 Ë - 0 0 1  
7 . 6 9 9 7 2 4 3 0 2 5 3 2 2 3 6 E - 0 0 1  
7 . 3 1 7 2 0 8 6 0 6 4 7 0 9 6 3 E - 0 0 1  
7 . 7 3 8 6 0 0 3 8 4 4 3 2 8 5 4 E - 0 0 1  
8 . 9 4 3 0 0 2 5 5 5 2 7 2 0 4 4 E - 0 0 1  

1 . 0 8 3 1 3 6 7 4 0 6 1 7 9 2 0  
1 . 3 2 3 2 7 6 3 7 8 6 9 1 2 1 8  
1 . 5 9 1 7 5 4 8 5 3 2 2 6 3 7 3  
1 . 3 6 1 9 2 6 4 3 0 7 1 3 5 9 2  
2 . 1 0 5 9 1 1 6 3 8 7 4 3 3 9 8  
2 . 2 9 7 4 8 2 9 7 9 8 2 2 0 8 8  
2 . 4 1 4 6 0 3 4 2 7 5 0 8 1 6 8  
2 . 4 4 1 7 4 1 8 1 8 6 4 1 4 1 7  
2 . 3 7 0 8 1 4 3 6 3 6 7 7 0 3 9  
2 . 3 8 6 7 9 7 0 5 3 1 7 2 8 1 1
9  1 fiQ  1 9 1  9 7 ก 9 ก 9 9 /1 / 3
1 * 9 3 2 9 9 6 7 9 8 6 3 2 9 3 9
1 . 6 4 1 7 0 7 6 2 4 9 0 7 9 6 1
1 . 3 4 2 0 6 6 3 7 4 8 3 2 4 0 5
1 . 0 6 1 8 7 3 4 6 0 5 0 0 5 4 1

8 . 27 687 2 7 3 9 1 3 3 8 7 0 E  — 0 01 
6 . 6 2 3 0 4 2 4 4 5 2 8 2 8 1 2 E - 0 0 1  
5 . 8 2 8 2 1 9 4 5 1 2 6 1 5 6 8 E - 0 0 1  
5 . 9 8 6 6 9 3 0 4  4 2 9 4 8 0 9 E - 0 0 1  
7 . า 0 4 0 5 2 6 4 8 2 3 3 5 7  IE — 001
9 . 0 9 1 0 9 9 8 2 0 5 5 3 5 1 8 E  — 001

1 . 1 7 6 7 7 1 9 3 1 7 6 8 1 3 9
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T a b l e  2 .  N u m e r i c a l  v a l u e s  o f  t h e  D O S ,  f o r  =  1 . 7 ,  ^ L  =  6 . 8  m e v 2 ,  x = l ,  a n d  f i ù  

= 2 m e V .

E  ( m e V )

- 3 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 2 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 2 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 2 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 2 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 2 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1  . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

—8 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 - 0 0 1  
- 6 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 E - 0 0 1  
—4 . OOOOOOOOOOOOOOOE-OOl 
- 2 . OQOOGOOOOOOOOOOË—001 

0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E + 0 0 0  
2 . OOOOOOOOOOOOOOOE-OOl 
4 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E - 0 0 1  
6 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 E - 0 0 1  
8 . OOOOOOOOOOOOOOOE-OOl

1 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 1
4 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1
5 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 1
5 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1
6 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 1
6 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1
7 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ท(E) [ X 1011 crrr^meV'l ]
1 . 9 4 8 3 0 9 4 6 6 8 6 9 9 8 8 E - 0 0 2  
3 . 1 1 3 4 1 6 0 5 2 5 7 2 6 9 7 E - 0 0 2  
4 . 8 1 9 6 2 8 4 0 2 4 5 7 1 9 1 E - 0 0 2  
7 . 2 5 7 0 6 7 8 7 4 1 3 4 2 53E — 002 
1 . 0 5 8 3 5 8 2 3 5 2 0 4 5 5 9 E - 0 0 1  
1 . 4 967 4 8 9 2 9 2 7 3 3 7 8 E - 0 0 1  
2 . 0 5 1 7 5 3 9 6 8 5 0 6 5 0 0 E - 0 0 1  
2 . 7 2 5 1 2 0 9 1 5 8 7 6 1 9 0 E —001 
3 . 5 0 5 4 1 3 5 8 2 9 5 8 9 6 8 E - 0 0 1  
4 . 3 6 4 5 5 5 7 6 9 8 2 9 2 0 6 E - 0 0 1  
5 . 2 5 6  7 0 9 5 6 7 8  1 . 8018E- 001  
6 . 1 1 9 8 9 1 1 9 0 6 4 6 4 6 5 E - 0 0 1  
6 . 8 8 0 5 0 2 3 2 0 9 0 8 4 1 5 E - 0 0 1  
8 . 1 9 1 7 2 5 2 3 5 5 4 6 0 3 7 E - 0 0 1  
8 . 8 6 8 4 8 1 6 0 1 1 0 7 9 4 4 E - 0 0 1  
9 . 3 6 8 8 0 9 7 8 2 3 7 8 1 5 7 E - 0 0 1  
9 . 6 9 5 5 3 6 0 1 0 7 1 3 3 1 3 E - 0 0 1  
9 . 8 8 1 9 2 7 1 8 4 5 7 5 6 2 6 E - 0 0 1  
9 . 9 8 6 5 0 5 9 1 0 3 2 8 6 9 1 E - 0 0 1  

1 . 0 0 7 9 9 8 5 5 7 0 0 5 3 7 8  
1 . 0 2 2 7 5 3 9 6 2 8 5 9 8 5 1  
1 . 0 4 6 9 0 7 1 7 2 7 4 7 2 6 7  
1 . 1 2 8 3 6 8 3 6 5 9 5 6 6 7 1  
1 . 1 9 0 6 0 3 2 6 1 1 8 3 1 8 9  
1 . 2 5 6 8 2 7 1 7 1 9 2 4 4 1 6  
1 . 3 1 7 4 8 8 3 1 2 5 6 3 0 4 5  
1 . 3 6 2 8 6 1 6 4 2 5 5 8 0 5 9  
1 . 3 8 6 0 9 1 0 4 6 1 0 4 7 0 6  
1 . 3 8 5 3 9 4 3 9 9 0 8 5 6 4 8  
1 . 3 6 4 8 5 0 5 3 5 1 4 0 6 6 8  
1 . 3 3 3 5 3 0 7 2 5 0 0 5 4 8 8  
1 . 3 0 2 8 6 4 7 8 4 4 3 5 0 9 5  
1 . 3 3 0 9 2 9 1 9 6 1 2 2 0 2 9  
1 . 3 5 1 4 9 7 ^ 7 6 2 6 9 8 4 6  
1 . 3 9 4 5 8 8 4 9 7 5 7 8 6 8 3  
1 . 4 5 2 4 9 6 3 2 9 4 9 6 9 0 0  
1 . 5 1 1 4 3 9 7 2 0 2 3 0 2 6 7  
1 . 5 5 5 8 6 3 4 7 5 1 5 9 4 7 7  
1 . 5 7 3 2 7 4 5 3 1 2 1 6 9 0 8  
1 . 5 5 8 3 0 7 0 0 8 5 1 9 0 7 9
11 . 3 9 4 7 6 9 3 3 6 9 5 0  781 
1 . 4 2 2 9 3 3 5 3 5 5 5 5 7 9 0  
1 . 4 3 5 0 9 0 2 0 3 0 4 5 4 0 6  
1 . 4 7 9 2 6 6 4 7 6 2 5 3 0 2 5  
1 . 5 4 3 6 7 4 1 7 1 2 6 2 7 3 3  
1 . 6 0 8 6 0 2 2 4 0 7 6 6 2 2 6  
1 . 6 5 2 5 9 7 2 7 4 2 2 4 5 9 2  
1 . 6 5 9 4 6 7 4 8 7 2 9 9 8 1 8  
1 . 6 2 4 0 0 9 5 7 8 7 5 2 3 8 7  
1 . 5 5 4 0 6 5 1 2 9 4 7 9 3 5 2  
1 . 4 6 7 6 9 4 0 9 4 1 6 6 5 4 1
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T a b l e  2 .  C o n t i n u e
E  ( m e V )

7 . 6 0 0 0 0 0 0 0 0 0 UÜ0 0 1
7 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1
8 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1
8 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1
9 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1
9 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 1
9 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 1

1 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 1 . 2 0 0 0 0 C 0 0 0 0 0 0 0 0 0
1 1 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 1 . 8 0 0 0 0 C 0 0 0 0 0 0 0 0 0
1 2 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 2 . 2 0 0 0 0 c 0 0 0 0 0 0 0 0 0
1 2 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
12 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 2 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 4 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 4 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 4 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
14 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 4 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 5 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 5 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 5 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 5 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 5 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 6 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 6 . 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 6 . 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 6 . 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 6 . 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 7 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

n ( E )  [ X 1 0 1 1  c m ' ^ m e V ' l  ]
1. ' 1๖12 3 8 3 7 9 3 5 4  07 6 
1 . 4 4 0 7 5 4 8 0 7 6 9 2 2 5 3  
1 . 4 6 4 3 1 7 8 8 4 4 0 1 0 5 0  
1 . 5 2 6 0 5 2 0 4 5 9 3 1 9 1 0  
1 . 6 0 6 0 5 2 7 1 8 3 1 9 4 1 5  
1 . 6 7 6 6 1 7 9 9 3 8 8 9 3 9 1  
1 . 7 1 1 3 8 7 1 6 0 5 9 9 8 6 1  
1 . 6 9 4 6 1 5 6 4 5 5 4 7 8 7 8  
1 . 6 2 6 9 0 4 0 9 7 8 7 6 2 9 8  
1 . 5 2 4 8 2 7 0 5 9 2 7 5 9 1 4  
1 . 4 8 9 8 5 5 6 1 6 2 3 3 5 6 1  
1 . 4 3 7 3 8 6 5 6 3 5 5 5 4 0 7  
1 . 4 3 6 3 4 7 3 2 9 9 2 5 5 9 8  
1 . 4 8 9 0 4 7 5 2 8 6 4 8 4 5 8  
1 . 5 7 8 2 7 3 5 3 0 2 1 7 8 7 6  
1 . 6 7 2 5 5 9 0 6 3 2 0 1 4 6 0  
1 . 7 3 6 6 4 0 9 0 8 4 8 2 8 0 2  
1 . 7 4 3 9 2 6 3 9 2 5 4 5 7 2 7  
1 . 6 8 6 0 9 6 9 1 7 9 9 6 4 3 6  
1 . 5 7 5 8 5 1 0 0 7 6 0 3 1 3 1  
1 . 5 1 7 5 5 1 5 0 0 2 5 0 6 5 0  
1 . 4 3 4 6 1 4 1 5 3 6 0 5 2 6 8  
1 . 4 0 6 8 1 8 7 4 2 7 7 0 6 8 5  
1 . 4 4 5 9 0 5 3 2 8 2 3 2 9 1 7  
1 . 5 3 9 3 4 1 2 7 4 7 3 8 2 6 6  
1 . 6 5 3 8 9 9 9 9 7 6 8 3 7 6 2  
1 . 7 4 6 7 3 8 9 8 8 1 6 9 6 7 0  
1 . 7 8 0 6 3 9 9 8 8 4 9 4 5 0 3  
1 . 7 3 7 4 7 3 0 5 0 8 7 5 0 2 6  
1 . 6 2 4 4 2 8 9 8 2 3 4 9 4 9 2  
1 . 5 4 7 0 0 3 4 3 9 8 9 3 5 5 1  
1 . 4 3 5 3 6 8 1 7 5 4 0 4 8 4 6  
1 . 3 7 9 8 0 3 8 2 6 1 5 7 8 8 6  
1 . 4 0 2 1 1 4 5 1 2 3 4 8 0 7 7  
1 . 4 9 5 7 9 1 6 0 6 9 2 9 2 2 7  
1 . 6 2 7 3 9 1 0 9 2 9 4 9 7 0 3  
1 . 7 4 7 6 8 1 7 3 3 0 7 1 9 0 9  
1 . 8 0 9 2 5 9 0 6 5 2 0 9 3 1 0  
1 . 7 3 3 7 5 6 4 3 1 0 6 8 8 8 0  
1 . 6 7 1 7 6 3 6 0 8 8 8 1 0 8 4  
1 . 5 7 8 5 6 9 5 4 1 6 8 9 4 6 7  
1 . 4 4 0 0 0 2 6 0 2 9 9 8 7 7 4  
1 . 3 5 6 3 6 0 9 8 4 9 5 6 2 4 1  
1 . 3 5 9 7 8 4 0 8 6 3 1 8 4 5 5  
1 . 4 5 0 6 7 7 6 0 4 7 4 2 4 9 2ไ F> 9 fi R 4 ? R ^ Q 3 fi 1 q 9. 'ชุ
1 * 7 4 2 7 6 8 6 0 2 9 2 5 7 8 5
1 . 8 3 2 2 7 3 1 3 6 8 1 8 7 4 8

(  N o t e  t h a t  i n  F i g .  1 5 a  a n d  F i g .  1 5 b ,  f o r  o u r  n u m e r i c a l  r e s u l t s  ( d o t t e d  l i n e ) ,  w e  

c h o o s e  t h e  e n e r g y  o r i g i n  o f  t h e  e l e c t o m s  a t  1 . 0 7  e V . )
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M . S c .  d e g r e e  i n  p h y s i c s  f r o m  C h u l a l o n g k o m  U n i v e r s i t y  i n  1 9 8 4 .  H i s  M . S c .  t h e s i s  

t i t l e  i s  P a t h  I n t e g r a l s  f o r  H y d r o g e n  A t o m ,  w i t h  P r o f e s s o r  V i r u l h  S a - y a k a n i t  a s  h i s  
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