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ABSTRACT 

T h i s  r e p o r t  d e s c r i b e s  x- ray  d i f f r a c t i o n  d a t a  on l i q u i d  

w a t e r  a t  e i g h t  t e m p e r a t u r e s  between 4OC and 2OO0C, and on 

heavy water a t  one t e m p e r a t u r e  ( 4  C). Except  f o r  one new 

d a t a  set ( 2 0 ° C )  

d e r i v e d  from t h e  t a b u l a t e d  r a w  d a t a  r e p o r t e d  p r e v i o u s l y  

(ORNL-3997) . Unl ike  t h e  e a r l i e r  i n t e n s i t y  and r a d i a l  d i s t r i -  

b u t i o n  f u n c t i o n s ,  t h e  p r e s e n t  o n e s  w e r e  d e r i v e d  u s i n g  more 

a c c u r a t e  v a l u e s  f o r  t h e  atomic s c a t t e r i n g  a m p l i t u d e s ,  and 

r e s u l t s  f rom s m a l l  a n g l e  x- ray  s c a t t e r i n g  were i n c l u d e d .  

0 

t h e  i n t e n s i t y  and c o r r e l a t i o n  f u n c t i o n s  were 

The hydrogen bonds i n  l i q u i d  water form a n  e x t e n s i v e  

t h r e e - d i m e n s i o n a l  ne twork ,  and o v e r  s h o r t  d i s t a n c e s  f rom any 

o r i g i n  t h e  a v e r a g e  d e v i a t i o n  from i d e a l  t e t r a h e d r a l  c o o r d i -  

n a t i o n  is  q u i t e  s m a l l .  However, c o n t i n u o u s  small  v a r i a t i o n s  

i n  i n s t a n t a n e o u s  l o c a l  env i ronmen t s  r e s u l t  i n  t h e  l o s s  of 

a l l  p o s i t i o n a l  c o r r e l a t i o n  between molecu le s  a few molecu la r  

r a d i i  away from any s t a r t i n g  p o i n t .  The re  is, n e a r  t h e  m e l t -  

i n g  p o i n t ,  e v i d e n c e  for p r e f e r r e d  a v e r a g e  o r i e n t a t i o n  between 

p a i r s  of n e i g h b o r i n g  w a t e r  m o l e c u l e s ,  but a t  2OO0C wate r  

m o l e c u l e s  are "seen" by x - r a y s  as  randomly o r i e n t e d .  

V 
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1. INTRODUCTION 

The f i r s t  x - ray  d i f f r a c t i o n  p a t t e r n s  from l i q u i d  water 

( 1 9 2 4 ,  and A m a l d i  2 3 

K a t z o f f 4  (1934) was t h e  f i r s t  t o  a p p l y  t o  w a t e r  t h e  

w e r e  o b t a i n e d  by Meyer' (19301, S t e w a r t  

(1931) .  

method of F o u r i e r  a n a l y s i s .  

measured and a n a l y z e d  t h e  x- ray  s c a t t e r i n g  from l i q u i d  water 

Morgan and Warren' (1938) 

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

Between 1938 and 1962 v a r i o u s  x- ray  s t u d i e s  of wa te r  have been 

r e p o r t e d  ; 6-10 t h e s e  s t u d i e s  have n o t  added t o  Morgan and 

War ren ' s  r e s u l t s .  T h e  m o s t  e x t e n s i v e  s t u d y  of  water by x-ray 

d i f f r a c t i o n  has been c a r r i e d  o u t  a t  Oak Ridge N a t i o n a l  

L a b o r a t o r y  ; 11-15 t h i s  work, s t a r t e d  i n  1961 and s t i l l  c o n t i n -  

u i n g ,  h a s  c o n s i d e r a b l y  improved and ex tended  upon Morgan and 

War ren ' s  c l a s s i c a l  s t u d y  b o t h  i n  r e s o l u t i o n  and t e m p e r a t u r e  5 

r a n g e .  

Smal l -angle  s c a t t e r i n g  d a t a  on water  have been r e p o r t e d  

by a number o f  a u t h o r s ,  15-19 a l l  work b e i n g  i n  good agreement .  

The ve ry  a c c u r a t e  r e s u l t s  o f  L e v e l u t  and G u i n i e r ,  Chonacky 

and Beeman, l9 and Hendr icks15  do n o t  d i f f e r  s i g n i f i c a n t l y  

from e a c h  o t h e r .  

A , l l  p u b l i s h e d  l a r g e - a n g l e  x- ray  work on water, a l t h o u g h  

o f  v a r y i n g  q u a l i t y ,  is i n  e s s e n t i a l  agreement .  An a p p a r e n t  

d i s c r e p a n c y  between one  se t  of r e s u l t s  9 7 1 0  and t h o s e  of o t h e r  

worke r s  seems now reso lved"  as due t o  d i f f e r e n c e s  i n  the 

p r e s e n t a t i o n  and i n t e r p r e t a t i o n  of the d a t a .  With the 

e x c e p t i o n  of t-he Oak Ridge work, approx ima t ions  and 
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a s sumpt ions  w e r e  made i n  t h e  r e d u c l i o n  and p r e s e n t a t i o n  of 

a l l  p u b l i s h e d  l a r g e - a n g l e  x-ray d a t a  on w a t e r ,  and t h i s  makes 

t h e  d e t a i l e d  comparison of d i f P e r e r i t  s t u d i e s  d i f f i c u l t .  The 

f o l l o w i n g  d i s c u s s i o n  is based  e x c l u s i v e l y  on t h e  Oak Ridge 

d a t a ,  and t h e s e  r e s u l t s  w i l l  be  compared o n l y  w i t h  Morgan and 

War ren ' s  work. 

r e d u c t i o n  make t h e  assumpt ion  t h a l  " s i n c e  t h e  s c a t t e r i n g  by 

hydrogen is a lmos t  comple t e ly  CompLon modi f ied  r a d i a t i o n ,  it 

is j u s t i f i e d  to  t r e a t  w a t e r  as  a one-atom s u b s t a n c e , "  t h e i r  

p r e s e n t a t i o n  is  s u f f i c i e n t l y  d e t a i l e d  t o  make such  a 

cornparison meaningfu l  . 

Although Morgan and Warren5 i n  t h e i r  d a t a  

2 .  DATA COLLECTION AND REDUCTION 

Except f o r  one  new d a t a  s e t  (ZOOC), t h e  i n t e n s i t y  and 

r a d i a t i o n  d i s t r i b u t i o n  f u n c t i o n s  p r e s e n t e d  i n  t h i s  r e p o r t  

were d e r i v e d  from t h e  t a b u l a t e d  r a w  d a t a  ( S e c t i o n  3 . 1  of 

Ref .  12) p r e v i o u s l y  r e p o r t e d .  Un l ike  t h e  e a r l i e r  i n t e n s i t y  

arid c o r r e l a t i o n  f u n c t i o n s ,  11113'14 t h e  p r e s e n t  c u r v e s  were 

d e r i v e d  u s i n g  more a c c u r a t e  v a l u e s  f o r  t h e  a-Lomic s c a t t e r i n g  

a m p l i t u d e s  and r e s u l t s  from s m a l l - a n g l e  x-ray s c a t t e r i n g  

were i n c l u d e d .  

T h e  s m a l l - a n g l e  s c a t t e r i n g  e x p e r i m e n t s  w i l l  be  d e s c r i b e d  

e l s e w h e r e .  l5 

ments  w i l l  be g i v e n  i n  t h i s  s e c t i o n  and some d e t a i l s  o f  

p a r t i c u l a r  impor tance  i n  t h e  case of w a t e r  w i l l  be d i s c u s s e d .  

Only a s h o r t  o u t l i n e  o f  the l a r g e - a n g l e  measure- 
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2 . 1  D i f f r a c t o m e t e r .  The measurements were made w i t h  a d i f -  

f r a c t o m e t e r  s p e c i a l l y  d e s i g n e d  f o r  the s t u d y  of l i q u i d  

s a m p l e s ,  d e s c r i b e d  i n  d e t a i l  e l s e w h e r e .  

d ivergent -beam t e c h n i q u e  s i m i l a r  t o  t h e  Bragg-Bsentano sys tem 

used  f o r  powder s a m p l e s .  Monochromatic r a d i a t i o n  (MoK ) is  

o b t a i n e d  th rough  t h e  u s e  of a b e n t  and ground c r y s t a l  mono- 

U s e  is  made of a 2 1  

cy 

chromator  mounted i n  t h e  d i f f r a c t e d  beam. T h i s  geometry and 

s l i t  ar rangement  21 c o m p l e t e l y  e 1 i m i n a t  es  sample h o l d e r  

a b s o r p t i o n  and  s c a t t e r i n g ;  it a l so  r e d u c e s  t h e  background of  

s t r a y  r a d i a t i o n ,  p a r t i c u l a r l y  a t  small  s c a t t e r i n g  a n g l e s .  

I n s t r u m e n t  r e s o l u t i o n  i s  s u f f i c i e n t  to  g r e a t l y  r e d u c e  t h e  

i n t e n s i t y  o f  Compton mod i f i ed  r a d i a t i o n  p a s s e d  by t h e  mono- 

ch romato r .  

2 . 2  Data  C o l l e c t i o n .  S c a t t e r e d  i n t e n s i t i e s  w e r e  measured 

w i t h  v a r i o u s  beam d i v e r g e n c e s ,  r a n g i n g  from 0 . 5  a t  t h e  lowest 

s c a t t e r i n g  a n g l e s  t o  4 a t  t h e  h i g h e s t  a n g l e s .  The t i m e s  for 

0 

0 

a f i x e d  number o f  c o u n t s ,  r a n g i n g  from 1 0 0 , 0 0 0  t o  6 0 0 , 0 0 0 ,  

w e r e  measured a t  0 . 2 5  0 t o  lo i n t e r v a l s  i n  t h e  h a l f - s c a t t e r i n g  

a n g l e  0 .  The accumula ted  c o u n t s  w e r e  chosen  t o  h o l d  s t a t i s -  

t i c a l  errors i n  t h e  k e r n e l  of t he  F o u r i e r  i n t e g r a l  of Eq. 

2 “ 4 . 4  approx ima te ly  uni form.  The o b s e r v a b l e  r a n g e  of the 

d i f f r a c t o m e t e r  i s  0 . 5  < s Q 1 6 ,  t h e  s c a t t e r i n g  v a r i a b l e  s 2 1  

b e i n g  d e f i n e d  a s  

s E ( 4 r / h ) s i n @ ,  ( 2 . 2 . 1 )  

w i t h  h t h e  x- ray  wavelength  and 20 t h e  s c a t t e r i n g  a n g l e .  
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A s  t h e  d i f f r a c t i o n  p a t t e r n  of l i q u i d  water shows i n t e r f e r e n c e  

(see S e c t i o n  3 )  t o  v a l u e s  of s 2: 16 ,  t h e  d a t a  a r e  a p p r e c i a b l y  
1 - 1 0 , 2 0  more e x t e n s i v e  t h a n  t h o s e  r e p o r t e d  by e a r l i e r  workers .  

The Oak Ridge x- ray  d a t a  on wa te r  w e r e  c o l l e c t e d  a t  e i g h t  

t e m p e r a t u r e s  between 4°C and 200°C. 

a tmospher i c  a t  t e m p e r a t u r e s  below 1 0 0  C and e q u a l  t o  t h e  vapor  

p r e s s u r e  above t h i s  t e m p e r a t u r e .  l2 

normal i s o t o p i c  compos i t ion  w a s  used i n  t h e  e x p e r i m e n t s .  

Heavy water ( 9 7 . 2 5 %  D ,  1.65% 0-18, 0.12% 0-17) was s t u d i e d  a t  

one t e m p e r a t u r e  (4 C ) .  

2 . 3  C o r r e c t i o n s ,  S c a l i n g ,  and E x t r a p o l a t i o n .  T h e  measured 

i n t e n s i t y  of s c a t t e r e d  x - r a d i a t i o n  h a s  t o  be c o r r e c t e d  f o r  

background r a d i a t i o n ,  a b s o r p t i o n  i n  t h e  sample ,  p o l a r i z a t i o n  

of t h e  x-ray beam, m u l t i p l e  s c a t t e r i n g ,  and Compton mod i f i ed  

r a d i a t i o n .  

t h e s e  c o r r e c t i o n s  a re  e i t h e r  n e g l i g i b l y  s m a l l  o r  c a n  be c a l c u -  

l a t e d  w i t h  good a c c u r a c y ,  e x c e p t  f o r  t h e  Compton s c a t t e r i n g  

which,  i n  t h e  c a s e  of water, is t h e  most i m p o r t a n t  s i n g l e  

s o u r c e  of u n c e r t a i n t y  i n  t h e  d e s i r e d  r e s u l t ,  namely t h e  t o t a l  

c o h e r e n t l y  s c a k k e r e d  i n - t e n s i t y .  Because of i t s  impor tance  i n  

t h e  p r e s e n t  case t h e  Compton c o r r e c t i o n  w i l l  be d i s c u s s e d  i n  

some d e t a i l .  

The sample p r e s s u r e  was 
0 

T r i p l e  d i s t i l l e d  w a t e r  of 

0 

_I 

For t h e  d e s c r i b e d  d i f f r a c t i o n  geometry" a l l  of 

The i n t e n s i t y  of Compton mod i f i ed  r a d i a t i o n Z Z  a s  a func-  

t i o n  of t h e  v a r i a b l e  s ( d e f i n e d  i n  E q .  2 . 2 . 1 )  rises r a p i d l y  

t o  i t s  a s y m p t o t i c  v a l u e ,  w h i l e  t h e  i n t e n s i t y  of c o h e r e n t l y  

s c a t t e r e d  r a d i a t i o n  h a s  i t s  maximum a t  a v a l u e  of s 2 ( f o r  
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water)  and is  t h e n  r a p i d l y  d e c r e a s i n g  ( s e e  F i g .  1) .  A l l  of  

t h e  p r e v i o u s l y  r e p o r t e d  d i f f r a c t i o n  d a t a  on water 

w e r e  c o l l e c t e d  w i t h  i n s t r u m e n t s  i n  which a l l  of t h e  Compton 

mod i f i ed  r a d i a t i o n  r eached  t h e  d e t e c t o r .  I n  t h e s e  cases t h e  

i n t e n s i t y  of  Compton mod i f i ed  r a d i a t i o n  is  e q u a l  t o  t h e  i n t e n -  

s i t y  of c o h e r e n t l y  s c a t t e r e d  r a d i a t i o n  a t  s E 5 . 5 ,  and exceeds  

t h e  c o h e r e n t  i n t e n s i t y  by a f a c t o r  of seven  a t  s N 16 ,  t h u s  

making t h e  measurement of r e l i a b l e  d a t a  at l a rge  s c a t t e r i n g  

a n g l e s  e x t r e m e l y  d i f f i c u l t .  For t h e  d e s c r i b e d  d i f f r a c t i o n  

geometry t h e  i n t e n s i t y  of Compton mod i f i ed  r a d i a t i o n  rises as 

p r e d i c t e d  by t h e o r y 2 2  a t  s m a l l  s c a t t e r i n g  a n g l e s .  

w i t h  i n c r e a s i n g  a n g l e  t h e  e x c i t i n g  s o u r c e  fo r  t h e  Compton 

s c a t t e r i n g  s h i f t s  f rom t h e  c h a r a c t e r i s t i c  l i n e  p a s s e d  by t h e  

monochromator i n t o  t h e  cont inuum. A s  a r e s u l t  t h e  Compton 

s c a t t e r i n g  d e c r e a s e s  f rom a maximum a t  i n t e r m e d i a t e  a n g l e s  t o  

a s m a l l  f r a c t i o n  of  t h e  c o h e r e n t  i n t e n s i t y  a t  l a r g e  a n g l e s .  

T h e  wavelength  s h i f t  of t h e  Compton mod i f i ed  r a d i a t i o n  is ,  

€or MoK w i t h  h = 0 . 7 1 0 7  A ,  

1 - 1 0 , 1 5 - 2 0  

However, 

2 2  

0 

CY 

and t h e  wavelength  r e s o l u t i o n  of t h e  d e s c r i b e d  d i f f r a c -  

tometer"  is a lmos t  e n t i r e l y  de t e rmined  by t h e  p e r f e c t i o n  of  

t h e  monochromator c r y s t a l .  I t  c a n  be e s t i m a t e d  from t h e  

measured r o c k i n g  c u r v e  of t h e  c r y s t a l  ( h a l f - w i t h  a t  h a l f -  

h e i g h t  4) t h r o u g h  t h e  Bragg e q u a t i o n  a s  2 4  

( 2 . 3 . 2 )  
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w i t h  $I t h e  r e f l e c t i n g  a n g l e  of t h e  monochromator f o r  r a d i -  

a t i o n  of wavelength  A .  The w a t e r  d a t a  w e r e  measured u s i n g  

a sodium c h l o r i d e  c r y s t a l  set f o r  p l a n e  ( Z O O )  to  r e f l e c t  MoK 

r a d i a t i o n ;  f o r  t h i s  case @ = 1 4 . 5 O  and t h e  mosaic  s p r e a d  of 
cr 

0 t h e  c r y s t a l  was measured as A$I = 0 . 1 3  . E q .  2 . 3 . 2  y i e l d s  f o r  

t h e  wavelength  r e s o l u t i o n  a v a l u e  & / A  -” 0.01,  and a c c o r d i n g  

t o  E q .  2 . 3 . 1  t h e  c r y s t a l  monochromator s h o u l d  d i s c r i m i n a t e  

a g a i n s t  t h e  Compton s c a t t e r i n g  a round s c a t t e r i n g  a n g l e s  

28 2: 45 , c o r r e s p o n d i n g  t o  a v a l u e  of s 2 7 .  F i g .  1 shows 

t h a t  t h e  NaCl monochromator passes a b o u t  50% of t h e  t h e o r e t -  

i c a l  Compton s c a t t e r i n g  a t  s - 5 . 5 ,  and less t h a n  5% a t  l a r g e  

s c a t t e r i n g  a n g l e s ,  q u a l i t a t i v e l y  i n  good agreement  w i t h  t h e  

above e s t i m a t e .  

0 

N 

Curve C of  F i g .  1 w a s  de t e rmined  by an  i t e r a t i v e  pro-  

c e d u r e ,  making u s e  of t h e  f a c t  t h a t  t h e  i n t e n s i t y  of  Compton 

mod i f i ed  r a d i a t i o n  must e q u a l  t h e  t h e o r e t i c a l  c u r v e  B a t  

s m a l l  s c a t t e r i n g  a n g l e s ,  and c a n  be  de t e rmined  e x p e r i m e n t a l l y  

a t  h i g h  a n g l e  th rough  t h e  u s e  of Z r  f i l t e r s .  ‘’ 
d i s c r i m i n a t i o n  f u n c t i o n  f o r  a g i v e n  monochromator h a s  been 

de te rmined  i n  t h i s  way, t h e  Compton s c a t t e r i n g  c u r v e  f o r  any 

l i q u i d  c a n  be c a l c u l a t e d  from t h e  t a b u l a t e d  a tomic  Compton 

s c a t t e r i n g  a m p l i t u d e s .  

O n c e  t h e  

The a b s o l u t e  s c a l e  is e s t a b l i s h e d  by n o r m a l i z i n g  t h e  

a sympto te  of t h e  c o r r e c t e d  i n t e n s i t y  f u n c t i o n  t o  t h e  t h e o r e t -  

i c a l  independen t  a tomic  s c a t t e r i n g  (see S e c t i o n  2 .4)  a t  l a r g e  

s c a t t e r i n g  a n g l e s .  T h i s  method r e q u i r e s  l a r g e  a n g l e  d a t a  of 



h i g h  p r e c i s i o n ;  i t  i s  w e l l  s u i t e d  t o  t h e  p r e s e n t  case because  

a t  l a r g e  a n g l e s  t he  Compton s c a t t e r i n g  is o n l y  a s m a l l  f r a c -  

t i o n  of t h e  measured i n t e n s i t y  and c a n  be expe r imenba l ly  

de t e rmined .  21 

f rac-Lion  d a t a  from l i q u i d s  is less s u i t a b l e  because  i t  

r e q u i r e s  knowledge of t h e  i n t e n s i t y  f iinc t i o n  o v e r  t h e  whole 

r a n g e  of t h e  s c a t t e r i n g  v a r i a b l e  0 < s 4 m ;  i n  t h e  p r e s e n t  

c a s e  s c a t t e r i n g  d a t a  are a v a i l a b l e  o n l y  f o r  t h e  r ange  

0 . 5  .< s ,< 1 6 ,  t h e  i n t e n s i t y  be ing  non-zero o u t s i d e  t h i s  r a n g e .  

A n  a l t e r n a t e  method23 f o r  t h e  s c a l i n g  of d i f -  

I n  a 1 1  p r e v i o u s l y  r e p o r t e d  x- ray  d i f f r a c t i o n  s t u d i e s  of 

w a t e r  . the i n t e n s i t y  func-Lions were e x t r a p o l a t e d  t o  z e r o  v a l u e s  

a t  z e r o  s c a t t e r i n g  a n g l e ,  a p r o c e d u r e  which i d e a l i z e s  t h e  

r a d i a l  d i s t r i b u t i o n  f u n c t i o n s  (see S e c t i o n  3 . 1 )  to t h o s e  f o r  

c o n s t a n t  b u l k  d e n s i t y  a t  l a r g e  r a d i a l  d i s t a n c e s .  Kecen t ly  

s e v e r a l  s e t s  of sma l l - ang le  s c a t t e r i n g  d a t a  have  been 

r e p o r  bed, 15-19 of which  t h o s e  of Wendricks’’ a r e  t h e  most 

e x . t e n s i v e .  T h i s  a u t h o r  found t h a t  t h e  s c a t t e r e d  x- ray  i n t e n -  

s i t y  f o r  w a t e r  a t  n i n e  t e m p e r a t u r e s  6 . 5  C .< t < 7 5  C i s  

c0nslan.L w i t h i n  e x p e r i m e n t a l  e r r o r  i n  t h e  a n g u l a r  r e g i o n  

0 . 0 2  ,$ s < 0 . 5  w i t h  v a l u e  1/11 (see S e c t i o n  2 .4)  e q u a l  t o  t h a t  

c a l c u l a t e d  from b u l k  thermodynamic p r o p e r t i e s  (Eq. 2 .4 .2  arid 

2 . 4 . 3 ) .  The i n t e n s i t y  f u n c t i o n s  d e r i v e d  from t h e  l a r g e - a n g l e  

x- ray  d a t a  w e r e  therelare e x l r a p o l a t e d  from t h e  l owes t  v a l u e s  

of 6 2: 1 t o  t h e  c a l c u l a t e d  c o n s t a n t  v a l u e s  i n  t h e  a n g u l a r  

r e g i o n  0 < s .< . 3 - . 5  ( s e e  F i g .  I and S e c t i o n  5 ) .  

o o 
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2 . 4  Data Reduc t ion .  The d i f f r a c t i o n  p a t t e r n  of l i q u i d  w a t e r  

is u s u a l l y  p r e s e n t e d  a s  a p l o t  of t h e  t o t a l  s c a t t e r e d  i n t e n -  

s i t y  of x - r a d i a t i o n  ( i n  e l e c t r o n  u n i t s  p e r  molecule)  a g a i n s t  

t h e  v a r i a b l e  s ( F i g .  1). The t o t a l  i n t e n s i t y  f u n c t i o n  rises 

m o n o t o n i c a l l y  from i ts  p r e d i c t e d  l e v e l  (Eq. 2 . 4 . 2  and 2 . 4 . 3 )  

a t  zero s c a t t e r i n g  a n g l e  th rough  a pronounced maximum, and 

f a l l s  o f f  r a p i d l y  w i t h  t h e  t h e o r e t i c a l  i ndependen t  a tomic  

s c a t t e r i n g  c u r v e  a round which i t  o s c i l l a t e s  w i t h  d e c r e a s i n g  

a m p l i t u d e .  The i n t e n s i t y  c u r v e s  of  F i g .  1 f o r  water a t  w ide ly  

d i f f e r e n t  t e m p e r a t u r e s  a r e  n o t  ve ry  d i f f e r e n t  from e a c h  o t h e r  

below a v a l u e  of s - 8 ,  and a p p a r e n t l y  i n d i s t i n g u i s h a b l e  from 

each o t h e r  and from t h e  independen t  a tomic  s c a t t e r i n g  c u r v e  

above t h i s  v a l u e ;  t h i s  f a c t  may s e r v e  t o  i l l u s t r a t e  two 

p o i n t s :  F i r s t ,  t h e  cus tomary  way of p r e s e n t i n g  d i f f r a c t i o n  

d a t a  on l i q u i d s  i n  t h e  form of t o t a l  i n t e i i s i t y  c u r v e s  ( a s  i n  

F i g .  1) is q u i t e  i n s e n s i t i v e  t o  s t r u c t u r a l  d e t a i l  and t h e r e -  

f o r e  almost p o i n t l e s s .  Second, x-ray da t a  of c o n s i d e r a b l e  

p r e c i s i o n ,  p a r t i c u l a r l y  a t  l a r g e  s c a t t e r i n g  a n g l e s ,  are  a 

n e c e s s a r y  p r e r e q u i s i t e  f o r  the r e s o l u t i o n  of  s t r u c t u r a l  d i f -  

f e r e n c e s  i n  a l i q u i d  a t  d i f f e r e n t  t e m p e r a t u r e s .  

The T ' s t r u c t u r e ' '  of a l i q u i d  is due t o  p o s i t i o n a l  and 

o r i e n t a t i o n a l  c o r r e l a t i o n  between molecu le s .  If t h e  molecu le s  

of  t h e  l i q u i d  c o n t a i n  atoms of k i n d  cy,B, t h e  r a d i a l  d e n s i t y  of 

d i s t i n c t  p a i r s  of atoms of type  a , @  s e p a r a t e d  by a d i s t a n c e  r 

is  r e p r e s e n t e d  by t h e  f u n c t i o n  41~r 'p  ( r ) .  The f u n c t i o n s  p 

r e p r e s e n t  t h e  a v e r a g e  d i s t r i b u t i o n  of p a i r s  b o t h  o v e r  t i m e  and 
QP 4 



1 0  

t h e  volume of t h e  sample ;  t h e y  a re  r e l a t c d 1 4  t o  t h e  s c a t t e r e d  

i n t e n s i t y  by t h e  e x p r e s s i o n  

m in m 

( 2 . 4 . 1 )  

i n  which a s t r u c t u r a l  un i - t  c o n t a i n i n g  m atoms ( a  molecule  i n  

t h e  case of wa-ter) is v i s u a l i z e d  a s  r e p r e s e n t a t i v e  of t h e  

whole sample ,  which c o n t a i n s  n s u c h  u n i t s  and h a s  a bu lk  

d e n s i t y  p o .  The t e r m  f t ( s )  is t h e  independen t  atomic 

s c a t t e r i n g ,  f b e i n g  the atomic s c a t t e r i n g  amplitudes. The 

m 

i = l  

r educed  i n t e n s i t y  i ( s )  is t h e  s t r u c t u r a l l y  s e n s i t i v e  p a r t  o f  

I ( s ) / n ,  t h e  iiieasured i n t e n s i t y  s c a l e d  t o  one s t r u c t u r a l  u n i t  

(mo lecu le )  . 
F o r  a l i q u i d  composed of one  we l l -de f ined  molecu la r  

s p e c i e s  which need n o t  be monatomic t h e  a s y m p t o t i c  form of 

Ey .  2 . 4 . 1  f o r  s m a l l  s c a t t e r i n g  a n g l e s  conforms t o  t h e  

e q u a t i o n  24 

r(0>/nF2 = < ( V  - ( V > ) 2 > / ( V >  (2.4.2) 

where V is t h e  i n s t a n t a n e o u s  and < v >  i s  the a v e r a g e  number OP 

molecu le s  i n  a volume whose d imens ions  a r e  l a r g e  compared t o  

a c r i t i c a l  d i s t a n c e  r = r which measures  t h e  e x t e n t  o f  

s h o r t - r a n g e  o r d e r  i n  t h e  l i q u i d .  I? is t h e  number of e l e c t r o n s  
C ’  
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p e r  molecule, and t h e  a v e r a g e s  a r e  o v e r  time and t h e  volume 

of t h e  sample .  A p a r t i c u l a r  a p p l i c a t i o n  of E q .  2.4 .2  c o n c e r n s  

random e q u i l i b r i u m  f l u c t u a t i o n s  i n  t h e  loca l  number d e n s i t y  i n  

a sys t em c o n t a i n i n g  one k i n d  of molecule ,  i n  which t h e  a v e r a g e  

d e n s i t y  is a l so  t h e  m o s t  p r o b a b l e  one ,  and o n l y  s m a l l  f l u c t u a -  

t i o n s  a r e  p r e s e n t .  S t a t i s t i c a l  mechanica l  c o n s i d e r a t i o n s  

y i e l d  f o r  t h e  r e l a t i v e  v a r i a n c e  i n  p a r t i c l e  number which 

2 5  

a p p e a r s  on t h e  r i g h t  s i d e  of E q .  2 . 4 . 2  

where X i s  t h e  i s o t h e r m a l  c o m p r e s s i b i l i t y ,  k is  t h e  Boltzmann 

c o n s t a n t ,  and T is t h e  a b s o l u t e  t e m p e r a t u r e .  

In t h e  case of a h e t e r a t o m i c  l i q u i d  such a s  water t h e  

atom p a i r  d e n s i t y  f u n c t i o n s  p ( r )  o r  t h e  p a i r  c o r r e l a t i o n  

f u n c t i o n s  g (r) = p ( r ) / p o  a r e  n o t  o b t a i n a b l e  i n d i v i d u a l l y  

f rom a single d i f f r a c t i o n  expe r imen t .  I t  is n e v e r t h e l e s s  

a p  

f f P  UP 

u s e f u l  t o  c o n s t r u c t  a mod i f i ed  c o r r e l a t i o n  f u n c t i o n  by F o u r i e r  

t r a n s f o r m a t i o n ,  namely 

m m  W 

G(r)= 2 C G  ( r ) = l  f ( l / Z n z p o r ) ~  s i ( s ) M ( s ) s i n ( s r ) d s  
0 (2 .4 .4 )  

QP 
c r = l  p=1  

w i t h  

( 2 . 4 . 5 )  

f o r  s < s the maximum v a l u e  of s accessible in s c a t t e r i n g  

e x p e r i m e n t s ,  and M ( s )  = 0 o t h e r w i s e .  I n t r o d u c t i o n  of t h i s  

m o d i f i c a t i o n  f u n c t i o n  i n t o  E q .  2 .4 .4  makes t h e  p r o d u c t  

max’ 



1 2  

f (s)fP(s)M(s) n e a r l y  independent  of s and t h u s  removes f r o m  

t h e  r e s u l t i n g  c o r r e l a t i o n  f u n c t i o n  t h e  ave rage  b r e a d t h  of t h e  

d i s t r i b u t i o n  of e l e c L r o n  d e n s i t y  i n  t h e  a toms,  The mod i f i -  

cy 

c a t i o n  f u n c t i o n  M ( s >  may, of c o u r s e ,  be chosen  a t  w i l l  and 

e x p r e s s i o n s  o t h e r  t h a n  t h e  one d e f i n e d  i n  E q .  2 . 4 . 5  have been 

used i n  t h e  r e d u c t i o n  of d i f f r a c t i o n  da ta  from l i q u i d s .  

The f u n c t i o n  chosen  i n  t h i s  s t u d y  g i v e s  E q .  2 . 4 . 4  a l o g i c a l  

1 - 1 0 , 2 0  

dependence on t h e  compos i t ion  of t h e  l i q u i d  s y s t e m ,  r e d u c i n g  

it  t o  t h e  c o n v e n t i o n a l Z 6  e x p r e s s i o n  f o r  monatomic s y s t e m s  i f  

f ( s ) f p ( s ) M ( s )  = 1, f o r  a l l  Q , P .  
Iy 

The r e l a t i o n  between component x-ray p a i r  c o r r e l a t i o n  

f u n c t i o n s  G ( r )  and t h e  t r u e  atom p a i r  c o r r e l a t i o n  f u n c t i o n s  
2 6 , 2 7  

QP 
(r) is one of c o n v o l u t i o n  

4-00 

w i t h  u a v a r i a b l e  of i n t e g r a t i o n  hav ing  t h e  same domain a s  r 

and 

T h e  f u n c t i o n  G ( r ) ,  a c c e s s i b l e  from x-ray s c a t t e r i n g  da t a ,  is 

t h u s  a k i n d  o f  l i n e a r  combina t ion  of t r u e  atom p a i r  c o r r e -  

l a t i o n  f u n c t i o n s ,  which are convo lu ted  w i t h  t h e  known func-  

t i o n s  T ( r )  g i v e n  by E q .  2.4 .7 .  The f a c t o r  T ( r )  may be 

v i s u a l i z e d  as  a shape  f u n c t i o n  i n t o  which if p a i r  d i s t r i b u t i o n  
QP QP 

f u n c t i o n  is transformed by the combined effects of t h e  i n h e r -  

e n t  e l e c t r o n  d i . s t r i b u t i o n  and t r e a t m e n t  of t h e  x-ray d a t a .  
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2 . 5  E r ro r s .  Three  d i f f e r e n t  k i n d s  of u n c e r t a i n t i e s  may 

a f f e c t  t h e  r e s u l t s  of d i f f r a c t i o n  s t u d i e s :  Random er rors ,  

s y s t e m a t i c  e r r o r s ,  and t h e  " d i f f r a c t i o n  e r r o r "  r e s u l t i n g  from 

t r u n c a t i o n  of t h e  m o d i f i c a t i o n  f u n c t i o n  i n  t h e  i n f i n i t e  

F o u r i e r  i n t e g r a l  of E q .  2 .4 .4  a t  f i n i t e  v a l u e s  of t h e  

s c a t t e r i n g  v a r i a b l e  s; t h e  l a t t e r  e r r o r  a f f e c t s  o n l y  t h e  

c o r r e l a t i o n  f u n c t i o n s  d e r i v e d  from t h e  d a t a .  

O f  t h e  random e r r o r s  a s s o c i a t e d  w i t h  any expe r imen t  o n l y  

t h e  s t a t i s t i c a l  error a r i s i n g  from t h e  u s e  o f  a quantum 

d e t e c t o r 2 *  c a n  be e s t i m a t e d .  

t o t a l  i n t e n s i t y  f u n c t i o n s  ( F i g .  1) and is t a b u l a t e d  t o g e t h e r  

w i t h  t h e  s t a t i s t i c a l  errors i n  t h e  r educed  i n t e n s i t y  f u n c t i o n s  

i n  S e c t i o n  5 .  

I t  amounts t o  0.3% - 0 . 8 %  i n  t h e  

S y s t e m a t i c  e r r o r s  may a r i s e  from i m p e r f e c t i o n s  i n  t h e  

d i f f r a c t i o n  geometry,  f rom u n c e r t a i n t i e s  i n  t h e  t a b u l a t e d  

a b s o r p t i o n  c o e f f i c i e n t s  and s c a t t e r i n g  a m p l i t u d e s  used  i n  t h e  

c o r r e c t i o n  and r e d u c t i o n  of  t h e  raw d a t a ,  and from u n c e r t a i n -  

t i es  i n  t h e  s c a l i n g  factor  which n o r m a l i z e s  t h e  e x p e r i m e n t a l  

i n t e n s i t y  c u r v e  t o  a b s o l u t e  u n i t s .  The accumula ted  r e s u l t  of 

t h e s e  s y s t e m a t i c  e r r o r s  is a low f r e q u e n c y  t e r m  i n  t h e  i n t e n -  

s i t y  f u n c t i o n s  of F i g .  1 and 4 which may b e  e x p e c t e d  t o  a f f e c t  

t h e  c o r r e l a t i o n  f u n c t i o n s  of F i g s .  5 and 6 n e a r  t h e  o r i g i n .  

The  magnitude of  t h i s  l o w  f r e q u e n c y  t e r m  i n  t h e  i n t e n s i t y  

f u n c t i o n s  c a n  be e s t i m a t e d  through F o u r i e r  t r a n s f o r m a t i o n  of 

t h e  d i f f e r e n c e  between t h e  obse rved  and c a l c u l a t e d  c u r v e s  i n  

F i g .  6 a t  r a d i a l  d i s t a n c e s  r <: 0.5  A ( t h e  c a l c u l a t e d  c u r v e s  i n  
0 
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F i g .  6 w i l l  h e  d i s c u s s e d  i n  S e c t i o n  3 ) .  The s y s t e m a t i c  e r r o r  

i n  t h e  f u n c t i o n s  s i ( s ) W ( s ) ,  e s t i m a t e d  i n  t h i s  way,  amounts t o  

less  t h a n  1% c o r r e s p o n d i n g  t o  even  smaller v a l u e s  f o r  t h e  

t o t a l  i n t e n s i t y  c u r v e s  ; t h i s  u n c e r t a i n t y  i s  smaller t h a n  t h a t  

e x p e c t e d  from t h e  e s t i m a t e d  u n c e r t a i n t i e s  i n  t h e  atomic 

s c a t t e r i n g  ampl i tudes29  used i n  the d a t a  r e d u c t i o n .  

s y s t e m a t i c  e r r o r  i n  t h e  d a t a  se t  c o l l e c t e d  a t  5OoC i s  somewhat 

The 

l a r g e r  t h a n  the above v a l u e  as  might  have been i n f e r r e d  from 

t h e  s h a p e  of t h e  peak n e a r  1 A i n  t h e  c o r r e l a t i o n  P u n c t i o n s  

of F i g .  5 .  

0 

The " d i f f r a c t i o n  e r r o r "  i n  t h e  c o r r e l a t i o n  € u n c t i o n s  

d e r i v e d  P r o m  s c a t t e r i n g  d a t a  c o l l e c t e d  o v e r  o n l y  a f i n i t e  

r a n g e  of t h e  v a r i a b l e  s h a s  been d i s c u s s e d  i n  i ts  ma themat i ca l  

d e t a i l s  by Waser and Schoniaker . 27   he e f f e c t  on  ~ ( r )  c a n  be 

under s tood  through t h e  i n c o r p o r a t i o n  of t h e  c u t - o f f  i n t o  t h e  

m o d i f i c a t i o n  f u n c t i o n  M ( s )  and t h u s  i n c l u s i o n  i n  t h e  s h a p e  

f u n c t i o n s  T (r) d e f i n e d  i n  E q .  2 . 4 . 7 .  It is i n f o r m a t i v e  t o  
QP 

compare c o r r e l a t i o n  f u n c t i o n s  c a l c u l a t e d  from E q .  2 .4 .4  f o r  

d i f f e r e n t  v a l u e s  of  t h e  t r u n c a t i o n  s of t h e  m o d i f i c a t i o n  

f u n c t i o n  d e f i n e d  i n  Eq .  2 . 4 . 5 .  Such a comparison is made i n  
max 

F i g s .  2 and 3 ,  

o f  c u r v e s  have 

The s h a p e  

t u r e s ) ,  4 . 5  A ,  
0 

f o r  water a t  two t e m p e r a t u r e s ,  and  t h e  t w o  s e t s  

s e v e r a l  obv ious  c h a r a c t e r i s t i c s :  

of maxima around 1 A ,  2 . 9  A (for b o t h  tempera- 

and 7 A ( a t  4OC) is q u a l i t a t i v e l y  n o t  a f f e c t e d  

0 0 

0 

by t h e  t r u n c a t i o n  l i m i t  i n  t h e  r a n g e  4 < s < 1 5 .  However, the 

p o s i t i o n ,  h e i g h t ,  and w i d t h  of these peaks  change s i g n i f i -  

c a n t l y ;  w i t h  d e c r e a s i n g  v a l u e  01 s the rriaximuin around 2 . 9  A 
0 

max 
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ORNL- DWG. 7 0 -  2079 

0 1 2 3 4 5 6 7 a 9 10 
- r (i) - 

Fig. 2. X-Ray C o r r e l a t i o n  Funct ions G ( r )  f o r  Water a t  4°C f o r  
Various Values of t h e  Truncat ion sm of t h e  Modif icat ion Function 
( E q .  2 . 4 . 5 )  Used i n  t h e  Four ie r  I n t e g r a l  of E q .  2 .4 .4 .  
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F i g .  3 .  X-Ray C o r r e l a t i o n  F u n c t i o n s  G ( r )  f o r  Water: a t  200°C f o r  
Various Values B E  the T r u n c a t i o n  s, of the  Modification Funct ion 
(Eq.  2 . 4 . 5 )  Used i n  t h e  F o u r i e r  I n t e g r a l  of E q .  2 . 4 . 4 .  
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s h i f t s  towards  l a r g e r  d i s t a n c e s  and i t  b roadens  p r o g r e s s i v e l y .  

Apar t  f rom t h e s e  major f e a t u r e s  of t h e  c o r r e l a t i o n  f u n c t i o n s  

t h e r e  are  s u b s i d i a r y  f e a t u r e s  t h a t  v a r y  even  q u a l i t a t i v e l y  a s  

the t r u n c a t i o n  is changed,  i n d i c a t i n g  t h a t  t h e s e  f e a t u r e s  are 

n o t  p h y s i c a l l y  s i g n i f i c a n t .  The se r ies  of r e l a t i v e l y  s h o r t -  

wave leng th  r i p p l e s  f l a n k i n g  t h e  peak around 2 . 9  A can  be 
0 

s u p p r e s s e d  t h r o u g h  t h e  u s e  of m o d i f i c a t i o n  f u n c t i o n s  o t h e r  

t h a n  t h a t  u sed  i n  t h e  p r e s e n t  s t u d y .  However, such  a pro-  

c e d u r e  i n e v i t a b l y  i m p a i r s  t h e  r e s o l u t i o n  of p h y s i c a l l y  s i g n i -  

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

smal l  and i n t e r m e d i a t e  d i s t a n c e s .  

The d i f f r a c t i o n  error i n  t h e  c o r r e l a t i o n  f u n c t i o n s  w i l l  

a lways  e x i s t  t o  some e x t e n t .  However, t h i s  u n c e r t a i n t y  need 

n o t  a f f e c t  t h e  i n t e r p r e t a t i o n  of  s c a t t e r i n g  d a t a  f rom a l i q u i d  

sample .  I n  t h e  f o l l o w i n g  d i s c u s s i o n  a l l  q u a n t i t a t i v e  s t r u c -  

t u r a l  i n f o r m a t i o n  on water w i l l  be d e r i v e d  from an  a n a l y s i s  of 

the i n t e n s i t y  f u n c t i o n s ,  t h e  c o r r e l a t i o n  f u n c t i o n s  b e i n g  used 

o n l y  t o  i l l u s t r a t e  t h e s e  r e s u l t s .  

3 .  X-RAY DIFFRACTION PATTERN OF LIQUID WATER 

The d i f f r a c t i o n  p a t t e r n  of l i q u i d  water ( F i g s .  1 and 4) 

c o n t a i n s  i n f o r m a t i o n  a b o u t  t h e  p o s i t i o n a l  c o r r e l a t i o n  of  

oxygen and hydrogen atoms,  averaged  b o t h  o v e r  time and t h e  

volume of t h e  sample .  These atom p a i r  i n t e r a c t i o n s  c o n t r i b u t e  

t o  t h e  d i f f r a c t i o n  p a t t e r n  approx ima te ly  a s  f f t h e  p r o d u c t  

of t h e  s c a t t e r i n g  a m p l i t u d e s  f o r  atoms of k i n d  a,P. I n  t h e  
P ’  
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case of x - r a y s ,  t h e  s c a t t e r i n g  is p redominan t ly  due t o  oxygen 

atom p a i r s ,  b u t  t h e  c o n t r i b u t i o n  from O-..H i n t e r a c t i o n s  is 

-12% and hence  n o t  n e g l i g i b l e ;  t h e  s c a t t e r i n g  due t o  H.*.H 

atom p a i r s  is o n l y  -2% compared t o  O * a * O  i n t e r a c t i o n s .  I n  

c o n t r a s t ,  i n  D z O  t h e  n e u t r o n  s c a t t e r i n g  a m p l i t u d e s  f o r  oxygen 

and d e u t e r i u m  atoms are of n e a r l y  e q u a l  magni tude ,  and one 

would e x p e c t  t h e  n e u t r o n  d i f f r a c t i o n  p a t t e r n  of  water t o  be  

q u i t e  d i f f e r e n t  f rom t h a t  o b t a i n e d  w i t h  x - r ays .  3 0  

The comparison of F i g .  1 w i t h  F i g .  4 f u r t h e r  i l l u s t r a t e s  

t h e  i n s e n s i t i v i t y  t o  s t r u c t u r a l  d e t a i l ,  p a r t i c u l a r l y  a t  l a r g e  

s c a t t e r i n g  a n g l e s ,  of t h e  t o t a l  i n t e n s i t y  f u n c t i o n s  i n  Fig. 1.  

I n  t h e  c u r v e s  of  F i g .  4 t h e  s t r u c t u r a l  d i f f e r e n c e s  be tween  

water a t  4OC and 2OO0C are  e v i d e n t ,  

F i g .  4 t h a t  t h e  f u n c t i o n s  s i ( s ) M ( s )  are o s c i l l a t i n g  around 

z e r o  t o  v a l u e s  of s 21 16 and beyond; t h i s  means t h a t  t h e  d i f -  

f r a c t i o n  p a t t e r n  of l i q u i d  water shows i n t e r f e r e n c e  th roughou t  

t h i s  large r a n g e  of  s c a t t e r i n g  a n g l e s .  

I t  c a n  a l s o  be s e e n  from 

Throughout  t h e  f o l l o w i n g  d i s c u s s i o n ,  i t  s h o u l d  be borne  

i n  mind t h a t  t h e  a v e r a g e  s p a c i a l  a r rangement  of atoms and 

m o l e c u l e s  c a n n o t  be d e r i v e d  u n i q u e l y  from t h e  one-d imens iona l  

d i f f r a c t i o n  d a t a  of a l i q u i d .  I t  is n e c e s s a r y  t o  make assump- 

t i o n s  abou t  t h e  s h o r t - r a n g e  o r d e r  i n  l i q u i d  water and test  t h e  

v a l i d i t y  of t h e s e  models by comparison w i t h  t h e  x- ray  d a t a .  

3 . 1  R a d i a l  D i s t r i b u t i o n  and Short-Range O r d e r .  The x-ray 

atom p a i r  c o r r e l a t i o n  f u n c t i o n s  G ( r )  f o r  l i q u i d  w a t e r  between 

4OC and 2OO0C, shown i n  F i g .  5 ,  are s i g n i f i c a n t l y  d i f f e r e n t  
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f r o m  t h o s e  p r e v i o u s l y  p u b l i s h e d  11-14 o n l y  i n  t h e  r e g i o n  of 

r a d i a l  d i s t a n c e s  r < 2 . 5  A .  The ea r l i e r  c u r v e s  w e r e  d e r i v e d  

f rom i n t e n s i t y  f u n c t i o n s  s u b j e c t e d  t o  a c o r r e c t i o n  p r o c e d u r e  

which r e s u l t e d  i n  t h e  loss  of a l l  s t r u c t u r a l  i n f o r m a t i o n  a t  

0 

t h e s e  s m a l l  d i s t a n c e s ;  no such  e m p i r i c a l  c o r r e c t i o n  w a s  used  

i n  t h e  c u r v e s  shown i n  F i g .  5 .  
0 

The l a r g e  maximum a t  -1 A must be a s c r i b e d  t o  t h e  i n t r a -  

m o l e c u l a r  0 - H  i n t e r a c t i o n .  S i n c e  t h e  s t r u c t u r e  of a n  i s o l a t e d  

water molecule  is known from s p e c t r o s ~ o p i c ~ ~  and g a s  d i f f r a c -  

t i o n 3 '  s t u d i e s ,  t h i s  p a r t  of t h e  c o r r e l a t i o n  f u n c t i o n s  c a n  be 

c a l c u l a t e d ,  and comparison w i t h  t h e  c u r v e s  d e r i v e d  from 

s c a t t e r i n g  d a t a  on t h e  l i q u i d  y i e l d s  a v a l u a b l e  c r i t e r i o n  f o r  

t h e i r  a c c u r a c y .  T h i s  comparison is shown i n  F i g .  6 f o r  two 

t e m p e r a t u r e s ,  and t h e  agreement  is ve ry  g r a t i f y i n g .  T h e  

d i s a g r e e m e n t  between t h e  c a l c u l a t e d  and obse rved  c u r v e s  below 

0 . 5  A is  t h e  r e s u l t  of accumula ted  s y s t e m a t i c  errors i n  t h e  
0 

i n t e n s i t y  f u n c t i o n s ,  a s  d i s c u s s e d  i n  S e c t i o n  2 . 5 .  The c a l c u -  

l a t e d  c u r v e s  f o r  d i s t a n c e s  above -1.5 A w i l l  be d i s c u s s e d  i n  
0 

S e c t i o n  3 . 3 .  
0 

The maximum a t  - 2 . 9  A i n  t h e  f u n c t i o n s  G ( r >  of F i g .  5 

must be a s c r i b e d  t o  i n t e r a c t i o n s  between oxygen atoms from 

n e i g h b o r i n g  wa te r  molecules.  T h i s  nea r -ne ighbor  d i s t a n c e  
0 0 

i n c r e a s e s  from 2 .84  A a t  4OC to  2 .94  A a t  20OoC. T h e  v a l u e s  

r e p o r t e d  by Morgan and Warren5 a r e  l a r g e r ,  and t h i s  is  

p r i m a r i l y  because  of t h e  lower v a l u e  of s -10 (see S e c t i o n  

2 . 5 ) .  Two broad maxima around 4 . 5  A and 7 A i n  F i g .  5 
max 

0 0 
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c o r r e s p o n d  t o  second and h i g h e r  ne ighbor  i n t e r a c t i o n s .  The 

g r a d u a l  d i s a p p e a r a n c e  of t h e s e  f e a t u r e s  wi.th i n c r e a s i n g  

t e m p e r a t u r e  i n d i c a t e s  a d e c r e a s e  of t h e  c r i t i c a l .  d i s t a n c e  r 

which measures  t h e  e x t e n t  of s h o r t - r a n g e  o r d e r  from a b o u t  8 A 

n e a r  t h e  m e l t i n g  p o i n t  t o  a b o u t  6 A a t  200°C.  

C 
0 

0 

While t h e r e  is no r e a s o n a b l e  doub t  a b o u t  t h e  p r e c e d i n g  

i n t e r p r e t a t i o n  of the r a d i a l  d i s t x - i b u t i o n  c u r v e s  i n  F i g .  5 ,  

q u a n t i t a t i v e  i n t e r p r e t a t i o n  of t h e  c u r v e s  f o r  d i s t a n c e s  

r > 1 . 5  A i s  q u i t e  u n c e r t a i n  w i t h o u t  a d d i t i o n a l  assumpt ions .  

The c a l c u l a t i o n  of a v e r a g e  c o o r d i n a t i o n  numbers, i n  p a r t i c u l a r ,  

is n e v e r  unambiguous .I 3 3  

maximum a t  -2.9 A i s  f a i r l y  w e l l  r e s o l v e d ,  b u t  .the upper  bound 

is  n o t .  I n t e r a c t i o n s  w i t h  second arid h i g h e r  ne ighbors  

c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  a rea  under  this peak ,  and 

p r o p e r  r e s o l u t i o n  i n t o  i n d i v i d u a l  components i s  q u i t e  uncer -  

t a i n  even  a t  low t e m p e r a t u r e s ,  where t h i s  maximum is r e l a t i v e l y  

s h a r p .  

-4.4 from t h e i r  c u r v e s  for w a t e r  a t  room tempera tu re  by 

p l a c i n g  t h e  mid -pos i t i on  a t  t h e  observed  maxiiiiurn of t h e  peak 

and drawing t h e  l o n g - d i s t a n c e  side symmet r i ca l  w i t h  t h e  s h o r t -  

d i s t a n c e  s i d e .  They a l s o  showed t h a t  i t  is  p o s s i b l e  t o  i n t e r -  

p r e t  t h e  peak a t  -2.9 A as  due t o  3 d i s c r e t e  i n t e r a c t i o n s  and 

a c o n t i n u o u s  uni form d e n s i t y  s t a r t i n g  a t  -2 .7  A ;  t h i s  

i n t e r p r e t a t i o n  is ,  however, q u i t e  a r b i t r a r y .  A less a r b i t r a r y  

way of d e r i v i n g  c o o r d i n a t i o n  numbers from d i f f r a c t i o n  d a t a  is 

t h e  f o l l o w i n g :  L e t  u s  assunie t h a t  the maximum a-t -2.9 A is 

0 

I n  t h i s  case,  the lower  bound of t h e  
0 

Morgan and Warren' d e r i v e d  a c o o r d i n a t i o n  number of 

0 

0 

0 
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c h a r a c t e r i s t i c  of t h e  i n t e r a c t i o n  of one oxygen atom w i t h  N 

oxygen atom n e i g h b o r s  s e p a r a t e d  by a Gauss i an  d i s t r i b u t i o n  of 

d i s t a n c e s  c e n t e r e d  a t  ro. 

d i s t a n c e s  c a n  be e s t i m a t e d  a s  a r i s i n g  from a uni form d i s t a n c e  

d i s t r i b u t i o n  s t a r t i n g  a t  t h e  r a d i u s  of a s p h e r e  of volume 

(N + l)ho, 
Eq. 5 of Ref .  14 and a d j u s t i n g  by l ea s t  s q u a r e s  t h e  d i s t a n c e  

r and t h e  mean-square v a r i a t i o n s  i n  b o t h  d i s t a n c e s  a v a l u e  of 

N = 4.4  g i v e s  t h e  b e s t  agreement  w i t h  t h e  e x p e r i m e n t a l  i n t e n -  

s i t y  f u n c t i o n s  f o r  water a t  a l l  t e m p e r a t u r e s ;  t h e  d i s t a n c e s  ro 

de te rmined  t h i s  way are l i s t e d  i n  Table 1. But  t h e  agreement  

The c o n t r i b u t i o n  of l o n g e r  

Po b e i n g  t h e  bulk d e n s i t y  of l i q u i d  water.  Using 

0 

T a b l e  1 
0 

Average D i s t a n c e s  ro i n  A Between Oxygen Atoms from Neighbor- 

i n g  Water Molecules  Between 4OC and 20OoC. T h e  

Average C o o r d i n a t i o n  Number is N =" 4 .4  and 

Independen t  of Tempera ture  i n  t h i s  Range 

C 4 2 0  2 5  50  7 5  100 1 5 0  2 0 0  0 - 
r o ( H 2 0 )  2 .84  2 .85  2 .85  2 . 8 3  2.86 2.84 2 .89  2 . 9 4  

ro(D,O) 2.83  

E s t i m a t e d  
U n c e r t a i n t y  0 . 0 2  0 . 0 2  0 . 0 2  0 . 0 2  0 , 0 3  0 . 0 3  0 . 0 3  0 . 0 3  

of t h i s  "model" ( 4 . 4  d i s c r e t e  0. = O  i n t e r a c t i o n s  su r rounded  by 

a un i fo rm d i s t a n c e  d i s t r i b u t i o n )  w i t h  t h e  r a d i a l  d i s t r i b u t i o n  
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f u n c t i o n s  of water  ( s e e  F i g .  1 of Ref .  14)  is poor .  The 

s h o r t - d i s t a n c e  p a r t  of t h e  peak a t  -2 .9  A is  rep roduced  
o 

r e a s o n a b l y  w e l l ,  b u t  t h e  l o n g - d i s t a n c e  p a r t  i s  n o t .  S i n c e ,  

for t h e  p redominan t ly  t e t r a h e d r a l .  c o o r d i n a t i o n  i n d i c a t e d  by 

this number, i n t e r a c t i o n s  w i t h  second n e i g h b o r s  would be  

c e n t e r e d  a t  t h e  c o n s i d e r a b l y  l o n g e r  d i s t a n c e  of -4.5 A 
0 

(where  a broad  maximum is obse rved  i n  F i g .  5 ) ,  t h e  c o n c l u s i o n  

canno t  be avoided  t h a t  t h e  f i r s t  c o o r d i n a t i o n  s p h e r e  around a 

water molecule  is compl.ex; t h e  same c o n c l u s i o n  w a s  r eached  by 

Morgan and Warren. 5 

The o n l y  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  G(r) c u r v e s  f o r  
0 l i g h t  and heavy water  a t  4 C is i n  t h e  r e g i o n  of r a d i a l  d i s -  

t a n c e s  1 . 5  A < r < 2 . 5  A .  T h i s  r e g i o n  of d i s t a n c e s  is of 
0 0 

g r e a t  i n t e r e s t  because  i t  c o n t a i n s  i n f o r m a t i o n  a b o u t  t h e  

r e l a t i v e  o r i e n t a t i o n  of p a i r s  of water molecu le s  through t h e  

0. - .H i n t e r a c t i o n  between atoms front n e i g h b o r i n g  molecu le s .  

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

because  t h e  s a t e l l i t e  r i p p l e s  of t h e  O-.-O peak around 2 . 9  A 

( s e e  S e c t i o n  2 . 5  and F i g .  6 )  are  m o s t  pronounced below 2 . 5  A .  

0 

0 

‘Kt is t h e r e f o r e  n e c e s s a r y  t o  r ep roduce  a t  l e a s t  t h e  major 

f e a t u r e s  of  t h e  G ( r )  c u r v e s  i n  F i g .  5 by c u r v e s  c a l c u l a t e d  f o r  

a model s t r u c t u r e  b e f o r e  a n  i n t e r p r e t a t i o n  of t h i s  r e g i o n  of 

d i s t a n c e s  c a n  mean ingfu l ly  be a t t e m p t e d ;  t h i s  d i s c u s s i o n  is 

pos tponed  u n t i l  S e c t i o n  3 . 3 .  

3 . 2  Long-Range D e n s i t y  F l u c t u a t i o n s .  The fact t h a t  t h e  corre- 

l a t i o n  i n  F i g .  5 d i f f e r  s i g n i f i c a n t l y  from u n i t y  t o  r a d i a l  
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d i s t a n c e s  which c o r r e s p o n d  t o  abou t  f i v e  m o l e c u l a r  r a d i i  a t  

room t e m p e r a t u r e  must be a s c r i b e d  t o  p o s i t i o n a l  c o r r e l a t i o n  

between w a t e r  molecu le s ,  t h a t  is, " s t r u c t u r e "  i n  l i q u i d  water. 

If t h e  p o s i t i o n a l  c o r r e l a t i o n  w e r e  of a long-range  n a t u r e  ( a s  

might  be the  case i f  t h e  molecu le s  formed l a r g e  c l u s t e r s  h e l d  

t o g e t h e r  by hydrogen bonds ,  o r  i f  r e g i o n s  c o n t a i n i n g  y u a l i t a -  

t i v e l y  d i f f e r e n t  local  a r r angemen t s  or "phases"  w e r e  p r e s e n t )  

t h e  i n t e n s i t y  f u n c t i o n s  shown i n  F i g .  1 s h o u l d  e x h i b i t  i n t e r -  

f e r e n c e  maxima and minima i n  t h e  r e g i o n  of s m a l l  s c a t t e r i n g  

a n g l e s .  The f a c t  t h a t  t h e  s c a t t e r e d  i n t e n s i t y  i n  t h e  r e g i o n  

0.02 6 s < 0 . 5  f o r  w a t e r  below 1 0 0  C is foundr5  t o  be  c o n s t a n t  

w i t h  r e s p e c t  t o  s p r e c l u d e s  any s i g n i f i c a n t  v a r i a t i o n  i n  t h e  

p a i r  d e n s i t y  n o t  i n c l u d e d  i n  t h e  c u r v e s  of F i g .  5 .  F u r t k e r -  

more, the v a l u e  of t h e  r e l a t i v e  v a r i a n c e  of t h e  p a r t i c l e  

number d e r i v e d  from e x t r a p o l a t e d  s m a l l - a n g l e  s c a t t e r i n g  

(Eq. 2.4.2) d o e s  n o t  d i f f e r  s i g n i f i c a n t l y  from t h a t  p r e d i c t e d  

by E q .  2.4.3. The random f l u c t u a t i o n s  i n  d e n s i t y  e x p e c t e d  f o r  

a l i q u i d  c o n s i s t i n g  of a s i n g l e  phase  and a s i n g l e  chemica l  

s p e c i e s  are t h u s  s u f f i c i e n t  t o  e x p l a i n  t h e  obse rved  s m a l l -  

a n g l e  s c a t t e r i n g  and t h e  s m a l l  long-range  v a r i a t i o n s  from 

u n i t y  of t h e  f u n c t i o n s  G ( r )  i m p l i e d  by i t .  

3 . 3  Models. Although a water model which s ca t t e r s  x - rays  i n  

e x a c t l y  t h e  same way as  t h e  r e a l  l i q u i d  c a n n o t  be proved t o  be 

unique ,  t h i s  agreement  is n e c e s s a r y  f o r  t h e  model t o  be  

t e n a b l e .  A model t h a t  is t o  be tested a g a i n s t  d i f f r a c t i o n  

d a t a  must have  a number of p r o p e r t i e s  and must m e e t  c e r t a i n  

0 
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c o n d i t i o n s 1 4  i n  o r d e r  t o  be  u s e f u l ,  r e a l i s t i c ,  and t r a c t a b l e  

i n  t h i s  c o n t e x t .  S i n c e  m o s t  p roposed  models f o r  l i q u i d  water 

are e i t h e r  i n c o m p a t i b l e  w i t h  obse rved  x-ray s c a t t e r i n g  or 

i n s u f f i c i e n t l y  d e f i n e d  €or a d e q u a t e  t e s t i n g ,  o n l y  t h e  ice-I 

model proposed  by S a m ~ i l o v ~ ~  and s p e c i f i e d  i n  d e t a i l  by 

Danf ord and Levy" w i l l  be d i s c u s s e d .  

The ice-I model d e s c r i b e s  l i q u i d  water a s  a n  e x t e n s i v e  

t h r e e - d i m e n s i o n a l  hydrogen-bonded network,  t h e  d e t a i l s  of 

which a r e  s h o r t - l i v e d .  On t h e  a v e r a g e  and o v e r  s h o r t  d i s -  

t a n c e s  f rom any o r i g i n  molecu le ,  t h i s  network is c l o s e l y  

r e l a t e d  t o  a s l i g h t l y  expanded ice-I l a t t i c e .  The s t r u c t u r e  

of t h i s  network is ve ry  open, w i t h  s p a c e s  between g roups  of 

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

accommodate a d d i t i o n a l  " c a v i t y "  molecu le s .  Impor t an t  c h a r a c -  

t e r i s t i c s  of t h e  model, d e s c r i p t i v e  of a f l u i d  r a t h e r  t h a n  a 

c r y s t a l l i n e  s o l i d ,  are absence  of long-range c o r r e l a t i o n ,  

random occupancy of  t h e  c a v i t i e s ,  and random network 

v a c a n c i e s .  The l o s s  of co r re l a t ion  is  v i s u a l i z e d  as t h e  

r e s u l t  of c o n t i n u o u s  s m a l l  v a r i a t i o n s  i n  i n s t a n t a n e o u s  l o c a l  

envi ronment .  I t  h a s  been embodied i n  t h e  model i n  t h e  form of 

p r o b a b i l i t y  d i s t r i b u t i o n s  w i t h  mean-square v a r i a t i o n s  from 

a v e r a g e  s e p a r a t i o n s  which i n c r e a s e  r a p i d l y  w i t h  r a d i a l  d i s -  

t a n c e ,  and t h e  d i s t a n c e  spec t rum charac te r i s t ic  of t h e  model 

is c l o s e l y  approximated  by a uni form d i s t a n c e  d i s t r i b u t i o n  

(cgnt inuum) a f e w  m o l e c u l a r  r a d i i  away from any s t a r t i n g  

p o i n t .  



The model is based  on t h e  f o l l o w i n g  a s sumpt ions  and ( t o  

keep  t h e  d e s c r i p t i o n  a s  s i m p l e  as p o s s i b l e )  r e s t r i c t i o n s :  

1. 

2 .  

3 .  

4. 

Each water molecule  t a k e n  as t h e  o r i g i n  "sees" i ts  ne igh -  

b o r s  i n  p r e f e r r e d  a v e r a g e  p o s i t i o n s  t o  r a d i a l  d i s t a n c e s  

o f  -8 8,  w i t h  a uni form d i s t a n c e  d i s t r i b u t i o n  (no  

s t r u c t u r e )  beyond. 

The a v e r a g e  a r rangement  of  a l l  oxygen atoms w i t h  r e s p e c t  

t o  any o r i g i n  is  s u b j e c t  t o  t h e  o p e r a t i o n s  o f  t h e  ice-X 

c r y s t a l  s p a c e  group (P6/mmc). 

Expansion o r  c o n t r a c t i o n  of  t h e  model network and 

occupancy of  t h e  c a v i t i e s  is p e r m i t t e d  b u t  c o n s t r a i n e d  t o  

conform t o  Lhe e x p e r i m e n t a l  d e n s i t y .  As a f u r t h e r  con- 

s t r a i n t ,  d e v i a t i o n s  of  t h e  nea r -ne ighbor  O*..O..-O a n g l e  

f rom t h e  t e t r a h e d r a l  v a l u e  are n o t  p e r m i t t e d ,  and the 

p o s i t i o n s  of t h e  c a v i t y  molecu le s  a re  r e s t r i c t e d  t o  t h e  

t r i a d  a x i s  ( F i g .  7 ) .  

A l l  i n t e r a c t i o n s  i n v o l v i n g  hydrogen atoms a re  a d e q u a t e l y  

d e s c r i b e d  by un i fo rm d i s t a n c e  d i s t r i b u t i o n s  beyond - 2 . 5  A .  
0 

3 5  A l l  d i s c r e t e  model i n t e r a c t i o n s  were p r o p e r l y  we igh ted ,  

and t h e  d i s t a n c e s  were r e l a t e d ,  i n  acco rdance  w i t h  Assumption 

2 ,  t o  t h e  n e a r e s t - n e i g h b o r  d i s t a n c e s  P, , P, ,  and P3 of F i g .  7 ,  

which were t h e n  a d j u s t e d  by l e a s t - s q u a r e s  t o  s e e k  a c lose  f i t  

o f  t h e  model i n t e n s i t y  f u n c t i o n s  t o  t h o s e  d e r i v e d  from t h e  

d i f f r a c t i o n  d a t a .  The c a l c u l a t i o n s  a r e  d e s c r i b e d  i n  Ref .  13 ,  

where t h e  agreement  between obse rved  and c a l c u l a t e d  i n t e n s i t y  

and r a d i a l  d i s t r i b u t i o n  f u n c t i o n s  is shown f o r  a l l  t e m p e r a t u r e s  
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s t u d i e d .  Some r e l e v a n t  p a r a m e t e r s  of t h e  model are p r e s e n t e d  

i n  S e c t i o n  5 . 2 ,  and c o r r e l a t i o n  f u n c t i o n s  c a l c u l a t e d  f o r  t h e  

model a r e  compared w i t h  t h o s e  d e r i v e d  from exper iment  i n  

F i g .  6 f o r  two t e m p e r a t u r e s .  

T h e  f i rs t  peak i n  t h e  c o r r e l a t i o n  f u n c t i o n s  of water  is 

d e s c r i b e d  by t h e  model i n  t e r m s  of one  network-network i n t e r -  

actioii  a t  a d i s t a n c e  P, ( F i g ,  7 ) ,  t h r e e  network-ne twork 

i n t e r a c t i o n s  a t  a d i s t a n c e  P, , and t h r e e  ne twork-cavi ty  

i n t e r a c t i o n s  a t  a d i s t a n c e  P , ,  e a c h  of them p r o p e r l y  weighted  

a c c o r d i n g  to t h e  network and c a v i t y  occupancy f a c t o r s .  

t h e  d i s t a n c e  P, between network molecu le s  r e l a t e d  by m i r r o r  

symmetry is o n l y  s l i g h t l y  larger t h a n  -Lhe c o r r e s p o n d i n g  

d i s t a n c e  i n  i ce- I ;  w i t h  i n c r e a s i n g  tempe. ra ture  t h i s  d i s t a n c e  

( T a b l e  Z of S e c t i o n  5 )  c o n t r a c t s  below t h e  n e a r e s l - n e i g h b o r  

d i s t a n c e  i n  ice-I The d i s t a n c e  P, between molecu le s  r e l a t e d  

by a c e n t e r  of syinriietsy is, a t  4OC, about  5% l a r g e r  t h a n  t h e  

c o r r e s p o n d i n g  d i s t a n c e  i n  ice-I,  and w i t h  i n c r e a s i n g  tempera- 

t u r e  t h i s  d i s t a n c e  g o e s  th rough  a maximum of 3 . 0 2  A a t  1 0 0  C .  

T h e  mean-square d i s p l a c e m e n t s  a s s o c i a t e d  w i t h  t h e s e  network 

d i s t a n c e s  show rough ly  t h e  same t empera tu re  dependence.  A t  

A t  4 O C  

0 
0 

t e m p e r a t u r e s  above 100°C t h e  s h o r t  network d i s t a n c e  P, expands,  

and t h e  l o n g e r  P, d i s t a n c e  c o n t r a c t s ;  a t  2OO0C t h e  two network 

d i s t a n c e s  d i P f e r  by an  amount, much smaller t h a n  their 

r e s p e c t i v e  rms-d isp lacements .  

A molecule  s i t u a t e d  i n  t h e  c e n t e r  of  t h e  c a v i t y  forined by 

a d j a c e n t  l a y e r s  o f  network molecu le s  ( F i g .  7 )  would have s i x  



3 1  

n e a r e s t  network n e i g h b o r s ;  t h e  r e s u l t s  of t h i s  s t u d y  i n d i c a t e  

t h a t  t h e  p o s i t i o n  of t h e  molecu le  is n o t  a t  t h e  c a v i t y  c e n t e r  

b u t  s u c h  t h a t  t h e  a n g l e  sub tended  by two n e a r e s t  network 

oxygen atoms h a s  a p p r o x i m a t e l y  t h e  t e t r a h e d r a l  v a l u e .  Thus 

each c a v i t y  molecu le  h a s  t h r e e  n e a r e s t  network n e i g h b o r s  a t  a 

d i s t a n c e  P, which is close t o  t h e  l o n g e r  network d i s t a n c e  P , .  

The occupancy f, of network sites is 100% below 100OC; 

a t  t h i s  t e m p e r a t u r e  empty network s i t e s  b e g i n  t o  a p p e a r .  The 

v a l u e ' o f  f ,  d r o p s  t o  8% a t  15OoC and 79% a t  LOOOC. 

occupancy f, of c a v i t y  s i t e s  i n c r e a s e s  f rom 45% a t  4 C t o  57% 

a t  20OoC. A s  a r e s u l t ,  t h e  f r a c t i o n  w of water molecu le s  i n  

ne twork  p o s i t i o n s  d e c r e a s e s  f rom 82% a t  4OC t o  73% a t  200°C. 

The a v e r a g e  number of n e a r e s t - n e i g h b o r  i n t e r a c t i o n s  c a l c u l a t e d  

from t h e s e  numbers is 4 .4 ,  t h e  same r e s u l t s  a s  o b t a i n e d  i n  

S e c t i o n  3 . 1  by a d i f f e r e n t  method. 

The 
0 

S i n c e  t h e  e x p e r i m e n t a l  d e n s i t y  of  l i q u i d  w a t e r  w a s  used 

a s  a c o n s t r a i n t  on t h e  occupancy of network and c a v i t y  s i t e s ,  

t h e  model is i n  q u a n t i t a t i v e  agreement  w i t h  t h e  P-V-T b e h a v i o r  

o f  water o v e r  t h e  t e m p e r a t u r e  and p r e s s u r e  r a n g e  cove red  by 

t h e  d i f f r a c t i o n  e x p e r i m e n t s .  Occupancy of c a v i t y  s i t e s  o v e r -  

r ides  network e x p a n s i o n  up t o  4 C ,  l e a d i n g  t o  t h e  f ami l i a r  

i n c r e a s e  i n  d e n s i t y ;  above 4OC network e x p a n s i o n  a t  a l m o s t  

c o n s t a n t  c a v i t y  occupancy r e s u l t s  i n  a c o n t i n u o u s  d e n s i t y  

d e c r e a s e .  The model p r e d i c t s  t h r e e  d i f f e r e n t  t y p e s  of 

hydrogen bond d i s t r i b u t i o n s :  The bonds c o r r e s p o n d i n g  t o  t h e  

s h o r t  P, d i s t a n c e  must be s t r o n g e r  t h a n  t h o s e  c o r r e s p o n d i n g  t o  

0 
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t h e  l o n g e r  P, network d i s t a n c e ,  and t h e  c a v i t y  xriolecules may 

be e x p e c t e d  t o  i n t e r a c t  w i t h  t h e  network by less  d i r e c t i o n a l  

b u t  by no means n e g l i g i b l e  f o r c e s .  I t  is tempt ing  t o  e x p l a i n  

t h e  s h o r t  P, d i s t a n c e  i n  terms of  r e l a t i v e l y  s t r a i g h t  hydrogen 

bonds ,  and t h e  l o n g e r  I?, network d i s t a n c e  a s  due  t o  s l i g h t l y  

b e n t  hydrogen bonds.  T h e  c a v i t y  molecu le s  might be d e s c r i b e d  

a s  randomly o r i e n t e d  and ,  a t  t e m p e r a t u r e s  above 100°C, a l s o  

randomly l o c a t e d  w i t h i n  van d e r  Waals d i s t a n c e  of t h e  network 

molecu le s .  This view is i n  agreement  w i t h  t h e  x- ray  d a t a ,  a s  

i l l u s t r a t e d  i n  F i g .  6 :  Two s e t s  of  c a l c u l a t e d  c u r v e s  f o r  t h e  

d i s t a n c e  r e g i o n  1 . 5  A < r < 2 . 5  A are shown. B o t h  c a l c u l a t e d  

c u r v e s  i n c l u d e  t h e  model-independent d i s t a n c e s  ( 0 . 9 7 6  A and 

1 , 5 5 9  A)  and v a r i a n c e s  ( 0 . 0 6 7  A and 0.115 14> fox.  t h e  in te rmo-  

0 0 

0 

0 0 0 

l e c u l a r  Q-H and H-N i n t e r a c t i o n s ,  t a k e n  from gas  d i f f r a c t i o n  

r e s u l t s .  3 2  The d o t t e d  c u r v e s  i n c o r p o r a t e  a l l  i n t e r m o l e c u l a r  

O - . * I I  and H 0 a - H  i n t e r a c t i o n s  a s  uni form d i s t a n c e  d i s t r i -  

b u t i o n s ;  t h i s  c o r r e s p o n d s  to random o r i e n t a t i o n  of a l l  water 

molecu le s  w i t h  r e s p e c t  t o  e a c h  o t h e r .  I n  t h e  dashed c u r v e s  

of F i g .  6 i t  h a s  been  assumed t h a t  t h e  network molecu le s  a r e  

connec ted  t o  their  f o u r  n e a r e s t  network n e i g h b o r s  th rough  

r e l a t i v e l y  s t r a i g h t  hydrogen bonds,  r e s u l t i n g  i n  a d i s c r e t e  

O - * * H  d i s t a n c e  a t  -2 A ;  t h e  c a v i t y  molecu le s  a r e  assumed t o  
0 

be randomly o r i e n t e d .  The dashed c u r v e s ,  based  o n  t h e  l a t t e r  

d e s c r i p t i o n ,  a g r e e  much bet ter  w i t h  t h e  obse rved  o n e s  a t  2OoC, 

b u t  a t  2OO0C t h e  d o t t e d  l i n e s  f o r  random o r i e n t a t i o n  agree 

e q u a l l y  w e l l  e The rms-d isp lacements  a s s o c i a t e d  w i t h  the 
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s h o r t e s t  i n t e r m o l e c u l a r  O-..H d i s t a n c e  are  l a r g e r  f o r  H,O 

t h a n  f o r  D,O ( a s  might  have been i n f e r r e d  from a comparison 

of t h e  c u r v e s  f o r  4OC i n  F i g .  5 )  and t h e y  i n c r e a s e  r a p i d l y  

w i t h  t e m p e r a t u r e .  

The complex i ty  of t h e  f i r s t  c o o r d i n a t i o n  s h e l l  around a 

g i v e n  w a t e r  molecu le  is e x p l a i n e d  by t h e  ice-I model i n  terms 

o f  d i s t i n c t l y  d i f f e r e n t  a v e r a g e  env i ronmen t s  of  network and 

c a v i t y  molecu le s .  However, b o t h  of  t h e s e  " s p e c i e s "  e x i s t  i n  

l oca l  and i n s t a n t a n e o u s  c o n f i g u r a t i o n s  which a r e  d i s t o r t e d  

f rom t h e  a v e r a g e ,  and t h e s e  d i s t o r t i o n s  are i m p l i e d  by s ize-  

a b l e  r m s - v a r i a t i o n s  i n  i n t e r a t o m i c  d i s t a n c e .  On the scale  of 

many m o l e c u l e s ,  t h e  model is " s i n g l e  p h a s e ,  '' homogeneous, and 

i s o t r o p i c .  The re  is no c o n f l i c t  w i t h  s m a l l - a n g l e  s c a t t e r i n g  

measurements ,  s i n c e  t h e  s u p e r p o s i t i o n  of i n t e r a t o m i c  d i s t a n c e  

d i s t r i b u t i o n s  approaches  a uni form d i s t r i b u t i o n  of d i s t a n c e s  

beyond a b o u t  8 A .  
0 

4. CONCLUSIONS 

The p o s i t i o n a l  c o r r e l a t i o n  between molecu le s ,  t h a t  is 

" s t r u c t u r e "  i n  l i q u i d  water ,  e x t e n d s  o n l y  o v e r  r e l a t i v e l y  

s h o r t  d i s t a n c e s .  A f e w  m o l e c u l a r  r a d i i  away from any s t a r t i n g  

p o i n t  o n l y  t h e  random f l u c t u a t i o n s  i n  d e n s i t y  e x p e c t e d  for a 

f l u i d  c o n s i s t i n g  of a s i n g l e  phase  and a s i n g l e  chemica l  

s p e c i e s  o c c u r .  I n  t h i s  r e s p e c t  water is no d i f f e r e n t  f rom 

s i m p l e  monatomic l i q u i d s .  
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Near t h e  m e l t i n g  p o i n t  t h e  a v e r a g e  s e p a r a t i o n  between 

oxygen atoms from n e i g h b o r i n g  water molecu le s  i s  o n l y  s l i g h t l y  

l a r g e r  t h a n  t h a t  found i n  o r d i n a r y  ice  ( 2 . 7 7  O A ) .  3 6  

nea r -ne ighbor  d i s t a n c e  i n c r e a s e s  g r a d u a l l y  from 2 .84  A a t  4OC 

t o  2 . 9 4  A a t  200°C,  and t h e  c o r r e s p o n d i n g  maximum i n  t h e  

c o r r e l a t i o n  f u n c t i o n s  broadens  p r o g r e s s i v e l y  w i t h  i n c r e a s i n g  

t e m p e r a t u r e .  The changes  i n  p o s i t i o n  and shape  of t h e  0- -0 

peak r e f l e c t  t h e  weakening of t h e  O...R-O hydrogen bond a t  

h i g h  t e m p e r a t u r e s .  

T h i s  
0 

0 

The a v e r a g e  coord inaLion  number i n  l i q u i d  water is inde-  

pendent  of t e m p e r a t u r e  from 4OC t o  200°C and is s l i g h t l y  

l a r g e r  t h a n  f o u r ,  i n d i c a t i n g  p redominan t ly  t e t r a h e d r a l  c o o r d i -  

n a t i o n .  The d i s t a n c e  r a t i o  f o r  t h e  maxima i n  thc  c o r r e l a t i o n  

f u n c t i o n s  which co r re spond  t o  f i r s t  and second ne ighbor  Q*..O 

i n t e r a c t i o n s  i n d i c a t e s  t h a t  t h e  ave rage  d e v i a t i o n  from i d e a l  

t e t r a h e d r a l  c o o r d i n a t i o n  i n  t h e  l i q u i d  must be q u i t e  s m a l l .  

On t h e  o t h e r  hand,  t h e  peak c o r r e s p o n d i n g  t o  near -ne ighbor  

0. - -0 i n t e r a c t i o n s  canno t  be d e s c r i b e d  by a s i n g l e  Gauss i an  

d i s t a n c e  d i s t r i b u t i o n ,  and t h i s  complex i ty  of t h e  f i r s t  

c o o r d i n a t i o n  s h e l l  around a g i v e n  water m0lecule  must be due 

t o  t h e  p r e s e n c e  i n  t h e  l i q u i d  of molecu le s  w i t h  a t  l e a s t  two 

t y p c s  of nea r -ne ighbor  c o n f i g u r a t i o n s .  However, t h e s e  

" s p e c i e s "  e x i s t  i n  env i ronmen t s  which are  d i s t o r t e d  from t h e  

a v e r a g e  so  t h a t  on a sca le  of many molecu le s  (sampled i n  

s m a l l - a n g l e  s c a t t e r i n g  expe r imen t s )  l i q u i d  water is  " s i n g l e  

p h a s e ,  If homogeneous, and i s o t r o p i c .  
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The d i s t r i b u t i o n  of i n s t a n t a n e o u s  and l o c a l  nea r -ne ighbor  

O * * * O  and O*.*H d i s t a n c e s  abou t  t h e i r  r e s p e c t i v e  mean v a l u e s  

is much l a r g e r  i n  t h e  l i q u i d  t h a n  i n  t h e  s o l i d ,  and hence 

t h e r e  must a l s o  be a wide d i s t r i b u t i o n  of O . . = H - O  a n g l e s  abou t  

t h e  mean v a l u e .  T h i s  d i s t r i b u t i o n  is s h a r p e r  i n  D,O t h a n  i n  

H20 a t  4OC. 

a n g l e s  i n c r e a s e s  r a p i d l y  w i t h  t e m p e r a t u r e  and ,  a t  20OoC, 

becomes so l a r g e  t h a t  t h e  molecu le s  i n  l i q u i d  water are ' 'seen" 

by x - rays  as  randomly o r i e n t e d .  

The b r e a d t h  of t h e  d i s t r i b u t i o n  of hydrogen-bond 

Any r e a l i s t i c  model of water must accommodate (or a t  

l e a s t  a v o i d  c o n f l i c t  w i th )  t h e s e  f e a t u r e s  which c a n  be deduced 

more o r  less d i r e c t l y  from t h e  x- ray  d a t a .  O f  t h e  s t r u c t u r e s  

which have a s u f f i c i e n t l y  d e t a i l e d  b a s i s  t o  p e r m i t  c a l c u l a t i o n  

of r a d i a l  d i s t r i b u t i o n  f u n c t i o n s ,  o n l y  t h e  ice-I model h a s  

been  shown t o  g i v e  agreement w i t h  data  from b o t h  l a r g e  and 

s m a l l - a n g l e  x- ray  s c a t t e r i n g .  For t h e  few o t h e r  models  for 

which r a d i a l  d i s t r i b u t i o n  f u n c t i o n s  have been c a l c u l a t e d ,  t h e  

a p p a r e n t  agreement  w i t h  t h e  e x p e r i m e n t a l  c u r v e s  f o r  l i q u i d  

water is mean ing le s s  because  t h e  computed c u r v e s  do n o t  

c o r r e c t l y  d e s c r i b e  r a d i a l  d i s t r i b u t i o n  i n  these cases. 

5.  APPENDIX 

I n  S e c t i o n  5 . 1  i n t e n s i t y  and c o r r e l a t i o n  f u n c t i o n s  f o r  

l i q u i d  water a r e  t a b u l a t e d  i n  t h e  f o r m a t  of t h e  computer pro- 

grams used .  T h e  atomic s c a t t e r i n g  a m p l i t u d e s  used i n  t h e  d a t a  

r e d u c t i o n  are based  on numer i ca l  Har t ree-Fock  wave f u n c t i o n s .  2 9  
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S*I (S)  

ERROR 

Va lues  f o r  t h e  d e n s i t y  and c o m p r e s s i b i l i t y  of water w e r e  a l s o  

t a k e n  from t h e  l i t e r a t u r e .  3 7  

I n  S e c t i o n  5 . 2  some r e l e v a n t  p a r a m e t e r s  f o r  t h e  ice-E 

model of l i q u i d  w a t e r  are t a b u l a t e d .  

5 . 1  L i s t  of I n t e n s i t y  and C o r r e l a t i o n  F u n c t i o n s .  The o u t p u t  

of t h e  program is  d i v i d e d  i n t o  two p a r t s .  The f i r s t  p r e s e n t s  

i n t e n s i t y  f u n c t i o n s  under  t h e  head ing  INTENSITIES I N  ELECTRON 

UNITS. T h e  second p a r t ,  c a l l e d  RADIAL DISTRIBUTION FUNCTIONS 

TO 10 A ,  l is ts  t h e  c o r r e l a t i o n  f u n c t i o n s .  The v a r i o u s  terms 

a p p e a r i n g  i n  the c a p t i o n s  are d e f i n e d  as  f o l l o w s :  

INTENSITIES I N  ELECTRON UNITS 

S is  t h e  s c a t t e r i n g  v a r i a b l e  d e f i n e d  i n  E q .  2 . 2 . 1 .  

F ( S )  is t h e  t h e o r e t i c a l  independent  a tomic  s c a t t e r i n g  

p e r  w a t e r  molecule ,  d e f i n e d  i n  S e c t i o n  2 . 4 .  

M( S> is t h e  m o d i P i c a t i o n  f u n c t i o n  d e f i n e d  i n  E q .  2 .4 .5 .  

J(S) is t h e  t o t a l  c o h e r e n t l y  s c a t t e r e d  i n t e n s i L y  i n  

e l e c t r o n  u n i t s  p e r  w a t e r  molecule ,  d e s i g n a t e d  a s  

I ( s ) / n  i n  t h e  p r e v i o u s  s e c t i o n s .  

is t h e  reduced  i n t e n s i t y  i ( s )  d e f i n e d  i n  E q .  2.4 .1 ,  

m u l t i p l i e d  by t h e  mod iP ica t ion  f u n c t i o n  M ( s )  

d e f i n e d  i n  E q .  2.4 .5 ,  d e s i g n a t e d  a s  i ( s ) M ( s )  i n  

t h e  p r e v i o u s  s e c t i o n s .  

is t h e  k e r n e l  of t h e  F o u r i e r  i n t e g r a l  i n  Eq. 2 .4 .4 ,  

d e s i g n a t e d  as si(s>M(s) i n  t h e  p r e v i o u s  s e c t i o n s .  

is t h e  s t a t i s t i c a l  e r r o r  a s s o c i a t e d  w i t h  t h e  

q u a n t i t y  i n  t h e  p r e c e d i n g  column. 
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RADIAL DISTRIBUTION FUNCTIONS TO 10  A 

R is t h e  r a d i a l  d i s t a n c e  i n  Angstrom. 

G ( r )  is t h e  c o r r e l a t i o n  f u n c t i o n  d e f i n e d  i n  Eq. 2.4.4,  

o b t a i n e d  by numer i ca l  e v a l u a t i o n  of t h e  F o u r i e r  

i n t e g r a l  u s i n g  t h e  t r a p e z o i d a l  method. 
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0. S38E-0  2 
0.957E-02 
C.932E-CZ 
0.889E-02 
0.835E-02 
C.774E-G2 
0 740E-0 2 
0.7 17E-02 
0.7UC-02 
0.725 t - 9  2 
0.751E-02 
0.781E-02 
O.@26E-02 
C. 886E-02 
0 $45 E-0 2 

0 .108F-01 
c. 11 7E-01 
0.708‘?-02 
0.193E-02 
C 4 8 7  1 E-02 

947E-0 2 
0. IC1 E - 0 1  
0.106E-C 1 
0.11 1 E-C 1 
C. 1 1 5 E - 9 1  
C.118E-01 
0.123E-01 
0.127E-0 1 
C.133E-01 
C . 1 4 1 E - O I  
0.150E-0: 
C. 159F-0 1 
0 . 1 ~ O E - C l  
O.lPOE-O? 
C. 1B9E-01 
0.198E-01 

0. i n 1  E-c: 
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S 
7.Q51 
7.102 
7.332 
7.a73 
7.612 
7.751 
7.890 
8.027 
*.16L 
8.301 
8 .4%7 
9.577 
e. T O ?  
0.e41 
8."74 
9.1C7 
q.23S 
9.779 
9.5CO 
c.630 
9.75Q 
9.897 

10.015 
?^ . I42  

1 e. 3?? 
10.517 
i0 .641  
1P.764 
l n .886  
1 1  .OC7 
'1.127 
11.?67 
11.356 
X1.4P3 
1.1 .h00 
1 ? . ? 1 E  
11.811 
11.946 

12.171 
12.283 
12.3O7 
1 2.58'3 
17.611 
12.7:9 
12.826 
12.9?2 
7 ?.r)?6 
17.140 
13.243 
13.345 
13.445 
' 7 . 5 4 5  
13.54L 
1 ?.Tal 
lY.83P 
13.933 
14.028 
14.214 
? 4 .395  
14.572 
14.746 
14.913 
15.370 
1 5 . 2 3 5  
! 5.3P9 
15.T-30 

15.824 
15.459 

:q.zbe 

Y 2 . n ~  

! S . S ~ L  

M(S) 
O . 2 C 3 E  00 
C.213E r )O 
0.222E 09 
?.231E f i?  

C.249F ? C  
C.2586 C O  
0.7666 PO 
0.275E O C  
9.?84F On 
0.202F C C  
0.303E 30 
0.309E C O  
n.917E 00 
0 . 3 7 k E  C': 
0.33tE Q C  
C.?4?E PO 
C.347E O C  
C.755F CC 
Q.762E C O  
0.369E "C 
0.376E Of' 
0.382E PC 
0.389F C O  
0.306E Q C  
0.4P3E P O  

C . 4 1 b F  3 0  
C.423E nfl 
O . & 2 9 E  D O  
C.435€ 00  

C . Z ~ ~ F  r r )  

0 . 4 ~ 9 ~  r c  

p . 4 4 ~  0~ 

R . D + A E  G O  
n . 4 5 4 ~  oc 
C.46nE PC 
C.466E f ? O  
^.472E 00 
fl"477E 00 
0.483F I C  
C.488E 00 
O.LQ4E O C  

9.595F C O  
".510F q C  
0.5!6= 0'7 
C.57ZE C O  
0.52RE C "  
C . + 3 4 €  '10 
r ) .54cc 09 
".546E 00 

0.55RF 00 
0.565E 00  
0.571f .r)O 
0.5775 no 
0.583E F C  
0.5R9E '79 
C.505E 00 
O*bOQE 00 
0.612E co  
O.623F 00  
?.53*F D O  
P.645E 00 
n.hS6E 
C.608F 00 

9.4OlE ??I) 

0 . 4 9 9 ~  on 

0 . 5 5 2 ~  or 

( 1 . 6 7 ~  or 

0 . 7 0 2 ~  nC 
0 . 7 1 9 ~  00 
0.723E 00 
F.732E O C  

J(S) 
0.465E 01 
0.448E 01  
0.426E GI 
0.405E 01 
0.385E C1 

0.346E C 1  
C.331E Cl 
0.320E C 1  
C.109E GI 
C.3G3E 01 

0.2QbE 01  
0.292E O X  
C.290E C 1  
C.296.E e1 
0.28I.E C 1  
C.277E 01  
O.272E C 1  
0.264E @ I  
0.25RE 0 1  
0.252E 01  
0.74bE C 1  
O . Z W E  01 
'3.235E C 1  
0.230E 01 
C.277F 01 
0.224E C 1  
0.222E 01 
0.271E c1 
0.218F 01 
0.217E 01 
C.ZltE 01  
0.214E P1 
<.2?2E CI 
'3.210E C 1  
0.2C8E 01 
C.2GSE C 1  
0.2C3E 01 
C.7GCE C 1  
C.197E 0 1  
C.1FSE C 1  
F.192E C 1  

0.187E 0 1  
0.185E C1 
0.183E 01. 
O.181E n l  

C.?79F 01 
C.17nE C l  
0.175E 01 
0.174E C1 
0.172E C 1  
0.171E 01  
0.17PE C l  

C.16C.E C l  
C.165E 01 

9 .159E 01 
C.155E C 1  

0.149E 01 
0.146E C l  
c.144F ti 
0.162E c 1  
C.14CE C 1  
0 . 1 3 B E  01 
0.137E 01 
0.135E 01 

C.365E 01  

C.299E 02 

C . : ~ P E  c i  

0 . 1 7 9 ~  c i  

0 . 1 6 8 ~  n i  

0-16ZE 01  

0.152E C 1  

ERROR 
0.143E-C1 
0.139E-91 
0.132E-01 
0.127E-01 
0.121E-01 
0.115E-01 
0.109E-01 
0.104E-@1 
0.994E-02 
0.951E-02 
0.917E-02 
C. 989E-C2 
0.865E-02 
0. fl4CE-02 
e. 818E-CZ 
0.798E-02 
0.5GbE-02 
0.578F-02 
0.557E-02 
0 .53hE-32  
C.517E-92 
0.498E-07 
0.475E-02 
0.462E-02 
0 44 7 E-0 2 
0-432E-07 
n.42CF-nz 
0.61 1 F-02 
0.403E-CZ 
0.396E-02 
0.3PBE-CZ 
0.382E-CZ 
0 3 77E-r) 2 
P.?72E-C? 
0.3(56F-n2 
0.361E-32 
0 35 5 E-02 
0.369F-C7 
0.344E-02 
C. 737E-02 
0.331E-CZ 
r?. 726E-r?Z 
0. 3 ZCE-C 2 
0.31hF-92 
0.312F-02 
0.308E-C2 
0 .3CkE-CZ 
0.301E-92 

?. 297F-02 
O.ZS4E-02 
0.292E-02 
0. P O € - 0 2  
0.28BE-C? 
0.287E-02 
0.2RSE-02 
0.283E-G2 
n.281 F-02 
0.279F-tZ 
0.276E-02 
0.277E-02 
0.267E-02 
0.2635-CZ 
0.25PE-02 
Q.255E-CZ 
0.252F-C2 
0.2oQE-02 
0.246E-C7 
0.245F-01 
0.2446-02 
3.242€-02 

3. 2 9 a e c 2  

1 6 )  
C. 712E-01 
0.750E-01 
0.6 12 E- 01  
0.475 F-01 
0.312 E - 0 1  
C. 12bE-01 

-C .630E-O2 
-0.215E-Cl 
- r .268~-01  
- P  . '3 39 E- c I 
-0.281 E - 0 1  
-r). 196E-01 
-0. oc1 E- 02 

0.104F-02 
0.153E-C1 
0.222 E - 0 1  
e .  257E-01 
O.ZQ7E-01 
0.2 84E-C 1 
0. I74 €-GI 
0.124E-fll 
c. C N E - O Z  

-0,158E-02 
-c. 122E-01 
-0.15@E-01 
-0,228F-C1 
-C .ZISE-Ol  
-@.ZOh E-01 
-e. t S b E - ? l  
-0.129E-01 
-0.IC6E-01 
-0.555E-CZ 

0.120E-C2 
0.523E-r)2 
0.422E-02 
@. 1 Ih E-91 
0. I f?€-71  
0 . l W E - P l  
0.105E-C1 
0. 66?E-02 
0.164E-P? 

-0.947E-03 
-0 .) 545 F-C2 
-0.554E-o2 
-@.792F-02 
-n.l07E-G1 
-0.10SE-01 
-0.100E-PI 
-c. I C B E - C I  
-0.51 5 E-O? 
-0.812E-02 
-C.457E-C2 
-e. th3E-03 

0 141 E- e? 
I). 431 E-OZ 
0.767E-CZ 
0. +.ZBE-CIZ 
C.744E-02 
G. IOZE-01 
0.115E-C1 
0.770E-CZ 
0.222E-OZ 

-0.339E-CZ 
-0 1 00 E- 01 
-0-121E-01 
-0.  WEE-02 
-0.546E-02 
-C *64E-D2 
-0,770E- 02 

C. 23lE-02 
0 ,?E4F-02 

D2° 
S*I(S) 

0.502E 00 
0.540E 30 
0.449E OC 
0 , 3 5 5 E  00 
O.237E ?C 
0 -9 77E-0 1 

-0.497E-01 
-0.173E 00 
-0.219E 00 
-0.281E 00 
-0.237E 00 
-I).l6OE OC 
-3.523E-Qt 
0. ? 23 E-0 2 
0.137E 00 
J.2CZE 00 
0.238E 00 
0 . 2 7 9 ~  oa 
0.270E 00 
0.169E e 0  
0 . l Z X E  00 
9.5 9?E-C1 

-0.158E-Ol 
-r).124€ 00 
-0.163E 00 
-9.737F 00 
-0.229E OC 
-0.219E 00 
-0.lqRE DO 

-9 . l l6E C O  
-e.i40E cc 
-0.61 7~-01 

0.135E-01 
0.594E-9' 
0.lObE CD 
0. t 3 5 f  00 
0.137F OD 
0.123E OC 
0.125E 00 
q.799E-01 
0.199E-01 
-0.1 16E-01 
-0.475E-C1 
-9.h92E-31 
-3 .  'ie6E-Gl 
-0,1366 00  
-0.140E 00 
-7 . i t9E CO 
-0.140F ' IO 
-@a 676 E-0 1 
- 0 . l O 4 E  00 
-0.61QE-31 
-9.219E-02 

C.191E-Cl 
O.SB8E-Ol 
9 . 1 O S E  00 
9.85r.E-01 
D.104F 00 
D.143E CO 
0.163E 00 
0 . i l l E  c4 
0 3 24E-01 

-0.499F-01 
-3.149F 00 
-0,183E CO 
-9.129E CO 
-0.840f-01 

-3.424E-0 1 
0.366E-01 
O.546E-Cl 

- o . ~ z ~ E - c I .  

4 O  c 
ERROR 

0.206E-01 
0.212E-0 i 
0.215E-01 
0.219E-01 
O.221E-01 
0.221 E-O 1 
0.222E-01 
O.222E-0 1 
0 22 3E-0 1 
0.224E-01 
0.226E-0 1 
0.229E-01 
0.232E-0 1 
0.235 E-0 1 
0 * 23%-0 1 
0 * 241 E-0 1 
0.187E-0 1 
C. 1R8E-3 1 
C.188E-01 
0.187E-01 
0 . 1 8 6 E - C 1  
0 .185E-0  1 
0.184E-01 
0.182E-01 
0 -  182E-01 
0.181F-Cl 
O.1RiE-01 
3.182F-01 
@.183E-01 
C.185E-CI 
0 e 186E-@ 1 
C. 1RBE-01 
ti.19OF-01 
o.ls2E-OL 
O.IQ3E-01 
0.195E-0 1 
O.IQ6E-Cl 
C.197E-01 
0 1'38E-0 1 
C.. 194E-O 1 
C. 199E-0 1 
3. ZOO E-G 1 
0 .ZOlE-O 1 
0.202E-C 1 
Q1203E-01 
O.ZC4F-0 1 
O.206E-01 
C .2G 8E-C i 
0.210E-01 
0.213E-01 
0.215E-0 1 
C e 217 E-C 1 
0.220E-F I 
0.223E-0 1 
0.226E-01 
0.229F-0 I 
C.230E-01 
C. 233F-CI 
0.235E-01 

C .  244E-0 1 
0.247E-0 1 
C.  75OE-0 1 
C.253E-01 
0.2566-0 1 
0.261E-0 1 
0.265E-6 I 
0 269E-0 1 
0.2736-01 
0.279E-0 1 
0.2836-01 

0 240f-C 1 
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? 4 9 I A L  CISTRIBUTION FUNCTIONS TO 10 A 

R 

0.9 
0.05 
O . l ?  
? . l R  

O.?C 
''-25 
0 . 7 0  
0.3' 
?.40 

".59 
9.55 
0.60 
'5.65 
0.71 
0.75 
3 . 8 0  
0 . P 5  
0.90 
0.95 
1."0 
1.05 
: . I n  
1.15 
1.'C 
1.25 
1.30 
1.75 
1.40 
r . 4 5  
1 . 5 -  
1.55 
I . 4 n  
1 .4s  
1.7'' 
1.75 
L.RG 
!*R5 
1.93 
1.95 
2.00 
2.0' 

2.15 
7 . Z P  
2.75 
2.3C 
2.3' 
2.40 
2.45 

r .45  

7 . 1 ~  

G I R )  

0.0 
->  ,9277 
-3.5167 
-2.9569 
-2 .3973 
-1.9521 
-1 .6738 
-1 -51.02 
-7.4746 
-1.3n45 
-1.2"16 
-0.0345 
-3.51OR 
4 . 1 O l C  

9.2985 
0 .6452 
0.93c5 
1.1691 
1 .3395 
1.6569 
1.4946 
1.4715 
1.2645 
' . O I R S  
0.7437 

0.3255 
0 .2464 
0.24C3 
0.27C.3 
'?.2@72 
O.'")O 
0.2P7* 

0.2830 
0 .3352 
7 (* 1 7  4 
0.4439 
" - 5 1 7 7  
0 - 4 9 7 8  
0.4'36 
0.3552 
0 .2971 
'3.2795 
0.2971 
C.3224 
0 . 3 7 3 9  
0.2R31 
7 .2112 
0.1794 

n.4977 

c .76ee 

I N T E N S I T I l  

R 

2.50 
7 . 5 5  
7.60 
2.65 
2 .70  
7.75 
2.80 
2.85 
7.90 
2 . 9 5  
3.00 
-4.m 
3.10 
1.15 
3.27 
3.25 
7.3', 
3.35 
7.60 
7.45 
3.50 
3.55 
3.60 
3.65 
3.72 
3.75 
3. en 
7.85 
'3.90 
3. q 5  

4,?5 
4.1e 
4.15 
h .29  
4.25 
4.10 
4 .35  
6.10 
4.45 
4.50 
4. q5 
4.69 
4.65 
4.70 
A .  75 

4.95 

4 .95  

4 , r o  

4.eo 

4.90 

5 

S F(S) 

0.0 0.660E 02  
Q.lnC "659E 07 
0.20r) 0.656E ?E 
n.?nn n.652F 32 
C.4CC 0.646E 32 
1 . 5 C 9  n.638E 92  
C.533 0 .616E n 7  
n.433 3 . 6 2 6 ~  -32 
r . 7 3 3  0.616'; n? 
n.83? 0.693E 07 
7.93q 3.58SC 02 
1.033 C.575E 32 
1 . 1 7 3  C.56OE P 2  
1 . 2 ' 3  0.544E '?2 
:.3!C 6 . 5 1 1 F  32 

G ( R 1  

C. 2253 
9 . 4 r 3 5  
0.721' 
1.1344 
1 . 5 t P 4  
1.9044 
2.CF35 
2. ?PO3 
1 .9507 
1.7C87 
1.4'324 
1.2358 
1 .0921 
1.0128 
3.9709 
0.9380 
?. 9 9 8 9  
0.8567 
0 .8264 
Ci. 8 2 2 6  
0. a493 
0.8966 

0.9759 
3.9631 
0.9699 
c . 9 4 9 3  

0. 9 5 1 3  
0.080@ 
1.0152 
1.0437 
?.C571 
1.0563 
1.0501 
1.0497 
1.0625 
:.ope2 
1.1184 
I .  1 4 2 3  
1.1515 
I. 1 4 5 2  
1.1285 

1.1072 
l . f l9R5 
1.1('?1 
1.1236 
1.0s50 
1.C757 

n.9653 

n. 9 4 0 4  

I. 1 i i n  

R 

5.00 
5.35 
5. I C  
5.15 
5.20 
5.?5 
5.3c 
5.35 
5.4c 
5.65 
5.50 
5.55 
5.60 
5.55 
5.70 
5.75 
5.eo 
5.e5 
5.9c 
5.S5 
6.00 
6. 0 5  
6 - 1 0  
6.15 
6.20 
6.25 
6.30 
6.35 

6.45 

6.55 
6.60 
6.65 
6.7C 
6.75 
6.80 
5.85 
6.90 
6.95 
7.00 
7.05 
7.10 
7. ? 5  
7.20 
7.25 

7.35 
7.60 
7.45 

6.40 

6.50 

7.30 

E L E C T R C N  

M I S  1 J ( S I  

C. 100E-C 1 
C. 1QOE-7 1 
0.101E-c: 
O . ? ? l E - ? I  
0 .102E-01 
r?. 134E-0 1 
".104E-r)? 
P. lO6E-01 
C. ! 08E-C 1 

11 3=-? 1 
-.116E-0' 
0. ?2.)E-C 1 
0 . l 2 4 E - 0 1  

t. 11 r G - 9  1 

0.634E 
0.634E 
0.634E 
3. 434E 
C.6?4E 
0.6?4E 
0.638E 
9.66nE 
0.698E 
0.753E 
0.824E 
0.912E 
0.102E 
C.?14E 

0 1  
01 
01 
01 
0 1  
01 
01 
0 1  
01 
01 
0 1  
01 
0 2  
c 2  

D2° 40 c 

G I R )  

1.0483 
1.0173 
0.9906 
0.5720 
c. S E l C  
0.9537 
0.s455 
0.9333 
0.9177 
C . F O I 8  

0.8838 
0. eP46 
0.8897 
0.895s 
0.9C06 
0.9035 
0.9057 
0.9P95 
0.9166 
0 .9271 
0.9399 
0 . S 5 2 5  
9.9643 
c .5737 
0.9816 
@.?P95 
0 .998t  

I.C2@0 

1.0791 
1.0447 
1.P473 
1.9477 
1.0465 
1.0462 
1.0462 
1.0470 
1.C481 
1.0487 
1.2475 
1.0452 
l.?4r?5 
1. 0'345 
1.0279 
1.0219 
1 .9172 
1.0137 
L.@l@? 

c.ee95 

1 . 0 ~ 8 8  

1.0306 

U N I  

R 

7.50 
7.55 
7.6C 
7.65 
7.7c 
7.75 
7.80 
7.85 
7.9c 
7.95 
@.bo 
8.P5 
8.1C 
8.15 
8.2C 
8.25 
8.30 
8.35 

e .65 
8 . 5 @  
8.55 
9.60 
8 . 6 5  
8.7C 

A . R O  

8.90 
8 . 9 5  
S.OC 
9.05 
9.10 
9.15 
9.20 
0.25 
9.3c 
9.35 
9 . 4 P  
9.45 
9.5c 
q.55 
9.6C 
9.05 
9.7c 
9.75 
9.80 
9.85 
9.9c 
9.95 

8.40 

e.75 

8 . 8 5  

T S  

G ( R I  

1.0079 
1.0069 
0 . 9 9 9 1  
0 .9935 
0 .9884 
0.9852 
0.9838 
0.9842 

C.9873 
0.9883 
0.9887 
0 .9891 
0.9900 
'3.q919 
0.9945 
1 .9058 
0 .9979 
1 .9974 
0.9956 
q.9935 
0.9922 
2.9926 
0 .9947 
0.9979 
1 . @ C 1 1  
1.0035 
I .On46 
1 . O W 8  
1 -0t-146 
1 .?C45 
I .of244 
1 .0041 
l .OC31 
1.001 3 
C.9992 
3 .9974 
0 .9966 
0.9971 
0 .9993 
0.9992 
3.9997 

7 .9951 
0 .9726 
9 . 9 q l J  
0.9910 
CI ,9923 
9.9041 
0.9955 

0.oe57 

n.9977 

40 c H2° 

E R R @ P  

0.60OE-01 
0.6qOE-01 
0.609E-01 
0.600F-C? 
0.61)O E-0 1 
0.6QCE-Ol 
0.599F-O? 
0.590E-C1 
0.576E-Cl  
0 .5555-Cl  
0.576E-O? 
0.495E-01 
0.45 6 E- C !. 
0.411 E - C 1  

-0.597E 00 0.0 

-0.597E 00 -0.119E 03 
- 0 . 5 a T E  PO -C.179E Oc) 
-0.596E 00 -0.239E 03 
- C * 5 S O E  00 -0.298E 00 
-0.596E 00 -0.31Rc 0Q 
-C.593E 07 -0.376E '30 
-0.589E 00 -0.432E 00 

-C.574E 00 -0.536F 00 
-0.561E C'5 -0.581E ?O 
-0.549E PO -0.622E 00 
-C.532E e0 -0.656E 00 

- ~ . 5 9 7 ~  ca - ? . 5 9 7 ~ - ? i  

- n . 5 e 3 ~  on - Q . G ~ ~ E  90 

0.0 
9. 601E-04 
0.121E-33 
@.:83€-@3 
0.246E-03 
0.311E-03 
0.333E-03 
0.396F-03 
C.456E-03 
0.511E-03 
0.558E-03 
C.596E-03 
C.619E-03 
0.626 E-03 
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S 
' . 397  
3.46L. 
1.541 
1.01P 
I .6C5 
1.77: 
1.8'48 
1 .a25 
2."2 
7 . 0 7 8  
7.155 
2.2?1 
2.3'28 
l . l a &  
7.461 
2.537 
2 .  b 1 4  
7.hW 
2.766 
2. 
2.913 
2.9Q4 
?.c7n 
3. I L.b 
3.222 
3 .79e  
7.-474 
3.453 
2.575 
7.6f'1 
3. b7h 
q.752 
2.  P 7 7  
?. 9 " Z  

L.12S 
4.270 
4. L77 
4.5'6 
4.725 
1.Q74 

5.170 
5 . 3  1 7  
5 .464 
5 . 6 l Q  
5 .7=7 
5. Q"? 

& . l o 2  
6.3337 
" 4 P C  
6.624 
6.763 
h.470 
7.251 
7.10'7 
7.337 
7.473 

7.751 
7.540 

Q.lra 
n.3c1 
Q . 4 3 7  
9.572 
8 .777  
e. 941 
8 .07L  

0 . 7 7 0  
7.771 

q . h ? O  

0.759 

3.078 

5 . r z  

6 . 0 ~ 7  

7.612 

p .927 

0.1~7 

c. 5 o r  

J(S) 
0.165E 02 
0.2(?4€ 02 
0.25TE 02 
C.32CF 02 
9.3966 $2  
0.406E 0 2  
0.524E 02 
9.5u3€ 07  
?.543E C Z  
1?.51AE C2 
0.477E 02 
*.4?7E 02  
0 .G11E 02 
0.387E 92 
'3.369E 9 2  
C.760E 02 
0.356E C 2  
C.3SPE C2 
O.361E 02 
0.36CE 02 
0.1526 C Z  
0.333E !?2 
'J.JP2E C? 
0.2h4F ?2 
0.225E 02 
0.142E 0 2  
0.167E 0 2  
7 . 1 4 Q r -  02 
0.??7€ 92 
0 .128E n2 
r.lZl€ 07 
O.llOE c 7  
0.118E 02 
C.1lt.E 02  
O.!lRE 0 2  
l i . l ? O F  07  
C.?'CE 02  
@.118E 02 
C.11t.E 02  

O.lC2F 9 2  
n.956E Q! 
0.86oE 01  
0.7896 C i  
0.7lOE CI 
0.668E C1 
0.59-3E 91 
C.551F C 1  
G.529E C l  
".51C€ 01  
0.5'7E C ?  
G.49'3€ 01 
C.4o6E 01 
o.4qZE F1 
G . 6 8 l E  Cl 
0.464E Ci 
0.a47F C1 
<.628E C1 
n.4P5E 0 1  
?.?92€ C ?  
C.362E 01 
Q.744E 0 1  
0.?306 CI 
0.717F 01 
0.3CPE 0 1  
0.3C3E 01  
C . 2 9 e E  0 1  
r1.2S6E c 1  
0.7q4E rl l  
0.2906 0 1  
0.288E 0 1  
C.2RlE 01 
0.278E $ 1  

C.265E (71 
3.257E 01. 

O.?C9E C7 

0 , 2 7 2 ~  01 

ERROR 

0 .5946-01 
0 . 7 1 4 E - C 1  
0.'?83E-01 
r I . lO9E CD 
0.:33F c10 
0.156E dG 
0.174E OG 
0.182E co 
0.181F C @  
9.173E G O  
0.161E 00 
0.148E C C  
Q.140E cc 
0.1135 C C  
O. lZ7E C O  
0.124E C C  
0.123E 00 
O.124E @O 
3.1255 C C  

9.122E CD 
0.116E C C  
O.?O7E C C  
0.946E-Cl 

0 . 1 2 5 ~  on 

0. 824c-C!1 
0.720E-C1 
0.643E-01 
0.506E-CL 
0.547E-01 
0.52CE-Cl 
0 . 5 O Z E - 0 1  
C.490E-9 1 
0.488E-01 
0.484E-91 
0.487E-Cl 
0.205E-Cl  
0.287E-I)T 
0.28( .E-C1 
0.281 E-C1  
g.269E-Cl  
0 .2566-01 
0.245E-07 
0.229E-Cl  
0 .215E-Cl  
O . Z f l I E - ~ l  
0 .189E-CI  
0. L Y Q E - 0 1  
0.171E-C! 
0. IbbF-Ol 
0. 16lF-01 
0.1595-C1 
0.156E-Cl  
0.153E-C1 
t. 15CF-Cl  
C. 1 4 6 6 - C l  
0.141E-Cl 
0. 1 3 6 E - C l  
c. I ? @ € - e 1  
n. I24E-( l l  
0.117E-91 
O . ? l l E - C l  
0.10fE-01 
C 999E-02 
0.955E-C2 
0.918F-OZ 

0.859E-02 

0. P17E-CZ 
r).792E-C? 
0.631E-Ct 
".60QE-C2 
0.59 ZF-92 
C. 5 7 1  E-92 
C.552E-C7 
0- 531 E-C2 

0. e ~ 9 ~ - 0 2  

O . ~ ~ A E - C I ~  

IF) 
-0.460E 00 
-0.403E 93 

-C.224E CO 
-0.100E @C 

0.246F-01 
0.117E 00 
3.200E C'l 
C .229E 9C 
0,215E 00 
0.174E 0c 
0.128E C0 
0.1C8E 00 
0.888E-01 
0.819E-0 1 
Q. 91 2 E-51 
C.114E CO 
O.1L j lE  @0 
0.190E 00 
C.223S 09 
0.239E 00 
C.225E O? 
0.172F OQ 
0. sa1 E - C I  

-0.231E-02 
-C.P45E-C1 
-C.!45E 00 
-0 . l09E 00 
-0.21FE rzc 
-C.229E 00 
- 0 e 2 3 R E  C3 
-@.232E CO 
-0.213E DO 
-0.200E I)G 
-6.17ZE C 3  
-C.'1.96 00 
-9.675E-01 
-0.ZC7E-91 

C.213E-01 
9 . 3  19F- 01 
C.361E-01 
0. LC1 E-@: 
0.17hE-Ol  

-0. B44E- C Z  
-0.4 37E-01 
-Qe659E-01 
4. 8BbE-01 
-0 .1G3F CC 
-C. 939E-CI  
-0.813E-01 
-0 .457E-0  1 
-n. 7 f R E - 9 1  

0.140E-01 
9.4 70 E- 0: 
'1.655E-01 
0 - 6 9 5 6 - 3 1  
0.709E-Cl  
0 .671F-01 
3 e467 E-?:? 
0.256E-01 
e .  5 5 I E - 0 2  

-C.140E-r)!. 
-0.2 5OE-01 
-0 .354E-C'  
-0.362 E- 0 1 
-0.268E-01 
-0.220 E-0 1 
-0.625 E-CZ 
0 7 33 F-02 
C 1 64 E-17 I 
C .774F- 01 
0.243E-OI 
C . 3 1 ? E - C l  

f .211E-01 

-C.?~SE ne 

0 . 2 7 9 e - n i  

0 . ~ 2 9 ~ - n 2  

H2° 
S*I(S) 

-0.638E 90 
-Cm5R9E CD 
-0.d9QE 00 
-0 .353E 00 
-3.179E OF 

0.436E-01 
3.254E 00 
D.396E 00 
3.458E 00 
0.447F 00 
3.374E 90 
0.286E 00 
0.250E 00 
9 * 2 1 2 €  0'3 
D.202E 00 
9.231E 09 
0.29RE 9c 
0.406E 00 
O.527E 33 
C . e 7 3 F  n0 
0.607E 00 
9.6756 T' 
0 . 5 2 9 f  00 
0.280E Q O  

-0.745E-92 
-0.27qF 9Q 
-9.491E 90 
-3.651E CC 
-0.75RE 00 
-0.826E GO 
-0,875E OC 
-0,870E CO 
-7 .517F 00 
- 7 3 7 8 i E  OS 
-7 .6R5E C(3 
-3.489E oc 
-G.Z71E 09 
-3 .9 17E-0 1 

n.96l.E-01 
0.151E 00 
" 1 7 h E  00 
r)..?CIE oc 
3.9 19 E-9 1 

-0.449E-01 
-0.239E (\G 
-3.375E 00 
-"539E 00 
-0.607E 00 
-C.56RE no 
-0.503E 30 
- 0 a 2 9 9 E  00 
-O.1-35€ ?C 
0.9266 J l  
3.318E 0C 
0.452E 00 

7.510F PO 
0.4926 00 
Qe349F 00 
0 , 1 9 5 E  OQ 
3.504F-Cll 

- 9 . I l I E  00 
-0.201E 00 
-3.289E OC 
- c I . l C I E  09 
-0.226E 00 
-7.199E 00 
-n.  5 4 5 E - 0  1 

0.608 F- 0 1 
?. l b 7 E  00 
'3.24QE PC 

1.291F OC 
5.265E fl3 

0. R09E-a1 

3.490~ co 

n . 2 ~ 4 ~  09 

0 . 2 0 3 ~  or 

4 O  c 
ERROR 

O.lnhE-1)2 
0.140F-02 
C.:BIE-OZ 
0.25 15-0 2 
3.3 32%) 2 
0.419E-92 
0.507E-C Z 
0.57ZE-02 
0 I 614E-02 
0 " 031E-0 2 
0*630E-02 
0.624E-02 
C.635E-02 
0.646E-0 2 
0.666E-0 2 
0.699E-02 
0 .  f 4 4 E - 0 2  
0.8@3E-02 
0. R6hE-0 7 
3.926E-0 2 
C 972 E- 0 2  
0.992E-02 
C.972E-02 
0.922E-0 2 
0.859E-02 

I?. 7 6  5 E-0 2 
e. 745E-02 
0.742 E-0 2 
0 753E-0 2 
0.775 E-0 2 
0. 806E-O 2 
0.856E-C2 
0.903E-L 2 
C. 96hE-0 2 
0.6 39E-02 
0.725E-02 
0.E07E-02 
0.e92E-02 
P.956E-02 
G .  1 9 2 E - 0 1  
C . 1 0 9 E - C l  
O . l I 2 E - G  1 
3.116E-01 
0.119F-3 1 
0.124E-0 E 
0.?2QE-:1 
0.134E-0 1 
D. 142E-0 1 
0.149E-C 1 
0.160E-0 I 
C. l 6 c E - 0  1 
0.179E-01 
C.18SF-01 
0.1Q6E-01 
'?I 202E-0 1 

0.212c-01 
0.214E-0 I 
0.214E-C 1 
O.214E-0 1 
C .  Z13E-0 1 
0 . 2 1 4 5 - @ I  
O.214E-01 
'?.2lSE-O 1 
0 a 21 9E-0 1 
0.22tE-0 1 
0.225E-01 
" 2 2 9 F - C I  
0.231 E-0 1 
0.  i * l E - C  1 
0.191E-01 
0 -  1 9 3 F - 0 1  
0.102E-01 
0.192E-0? 
0.191~-9 I 

0 .  m 3 E-r 2 

G. 2 3 7 ~ - c  1 
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S 
9.eQ7 

IC.315 
' 0 .142 
10 .268 
:".3p3 
10.517 
l'.64! 
10,761. 
7 n . P w  
11.0)' 
' 1 . 1 2 7  
11 .?47 
11.366 
IL .4P3 
l ! . W -  
! 1 . 7 ? 6  
: ' .e31 
?!.,a46 
:?.ora 
1 2 . 1 7 1  
'Z.ZP? 
* 2 - 3 0 ?  
I ? .  513 
12.51 I  
12.719 
* 7. e26 
12.S3:! 
13 .036 
13. I"" 
1 7 . 2 4 3  
: 3.345 
13.445 
13.545 

' ?.?"I 
1 3 . Q l P  
?3.93? 
l L . 0 2 R  
14.2'4 
1 4.395 

1 4 . 7 W  
- L , Q ~ ?  

15.076 
! 5.235 
15 .389 
15.5'0 
15.6P4 
1<.824 
15.9FC 

17.544 

11.572 

J(s) 
C.750E Q1 
n.zIeE O L  
0.233E 9 1  
0.233E C 1  
0.229E 01 
C.227E 01 
0.223E 0 1  
0.221E 01 
0.22OE Q1 
O.219E 0 1  
0.217E C ?  
0.226E G I  
C.215E 0 2  
0.213E c1 
C.219E a 1  
0.2CRE 0 1  
0.2?55E C 1  
O.2C3E 01 

C.197E 0 1  
C.:snE c 1  
0.1q1E " 1  
C.:QOE C ?  
O . l e 7 E  01 
4.1"1-E -1 
O . ? R Z E  3: 
C.lP1F Cl 
1.179E C 1  
0.1'RE 0 1  
?.?77E 0 1  
0.175E C 1  
9.174E C 1  
C.:73E 0 1  
0.172E Cl 
0.17QE C '  
3.169= 0 1  
0.167E 01  
0 . * 5 5 E  C 1  
0.162E c 1  
O . 1 5 R E  c 1  
C S i 5 5 E  C? 
P.152E C ?  
0.149E 0 1  
0.117E C 1  
0.144E 0 1  
C.142E G I  
C.14"E Cl 
0.138E C 1  

3.:35E c 1  

o.zrnE 01 

n . 1 3 6 ~  01 

R A O I A L  D I S T R I B U T I O N  FUNCTIONS i n  IC A 

R 

".@ 
?.Q+ 
q. 1 1  
c.15 
c.20 
P.2' 
c .  30 
0.35 
q.4-  

c.50 
7.55 
?.60 
n.65 
3 . 7 "  
m . 7 5  
9. e P  

c.45 

G ( R )  

0.0 
-4 .343c 
- 5 .  e6aa  
- 3 . 1 9 2 T  
- 2 ~ 4 ~ 1 1  
-1 . R ? ' 6  
-1 .9537 
-:.1)521 
-0 .eq47 
-P .?'Q? 
-0 .6647 
-0.4035 
- 0 . 2 5 5 5  

C.3026 
0.7405 
1 . @ 7 ? 4  

3.n532 

R 

2.50 
2.55 
2. 6 0  
2.65  
2.70 
2.75 
7.90 
7 . 9 5  
2.90 
2.05 
3.c1 
3.05 
7.10 
3 . 1 5  
3.20  
3.25 
3.30 

G f R )  

0.1834 f'. 3 4 2 4  
C .  6683 
1.0582 
1.4+34 
1.86!6 
2.0872 
7.1352 
2.0199 
1.744P 
1.5312 
1.2925 
1.1157 
! . n i q c  
0 . ~ 5 7 6  
c. 93: 9 
C. 9 1 2 3  

R 

5.00 
5.05 
5. I C  
5.15 
5 . ? C  
5.25 
5.3c 
5.35 
5.4c 
5.45 
5.5c 
5.55 
5.6C 
5 . 6 5  
5.70 
5.75 
5. e0 

ERROR 
C\.51?E-C2 
0.496F-C2 
0.476 E-C 2 
C.461E-CZ 
@.448F-02 
C.438E-CZ 

0.41 9E-C2 
C. 4 11 E-02 
0.404E-P7 
0. 39RE-02 
0.3°3E-02 
0.3@9E-C? 
0.3@?E-C2 
0.377F-CZ 
0.391 E - C Z  

0.360E-'37 
C.354E-C2 

0.36?E-"2 
0.337E-CZ 
0. -4??E-02 
0.328F-02 
0.323F-02 
0.319E-C2 
0.317F-02 
0 3 13E-02 
Q.311E-02 
0.310E-"2 
0.3C6E-02 
0 . 3 0 S E - C ?  
2.3C4E-22 
0.3075-02 
c. 3 0 l E - C 2  
9.299E-FZ 
0.2Q6E-C7 
3.29'E-C2 
9.274F-C2 
0.27OF-02 
0.766E-C2 
0.261E-02 
0.257E-C2 
0.755E-02 
0.252E-02 
3.249E-CZ 
0 . 2 U E - 0 2  
0.245E-02 
0.243E-02 
9. P I E - 0 2  

n. ~ Z ~ E - C Z  

n . 3 ~ ~ - 0 2  

0 .34ec-cz  

W) 
-0.2 32 E-C2 
-0 .367f -07  
-0.187E-CI  
-0.252E-01 
-@.277E-31 
-0.2 26E- 01 

-O.ZIOE-Ol 
-0.163€-0! 
-".9COE-C7 

3.117E-02 
0. 784E-C2 
0.106E-Cl  
0.113F-C? 
0.105E-01 
0.918E-02 
C .949€-@2 
7.'72E-O? 
0 .  I 1 5 E - 0 2  

-C. 2 16E- 02  
-0.757E-P7 
-0.730F-02 
-0.Sc5E-92 
-0.?35F-O! 
-3.173E-$1 
- C . l I S E - C I  
- 0 . l l 2 E - C I  
-0.9DCE-9Z 
-c . 3 20E-32 

-0.176E-CZ 
3.493E-02 
0.757F-C2 
0. S 34 E-02 
0.110E-01 
0.104E-C1 
0.410E-02 
0. e c c  E-02 
0 4POE- 02  
C - 1 3 3  E-02 

-0.366f-02 
-0.6% E-02 
-0.371 E-02 
-0.7SlE-02 
-0.347E-02 
-C.527C-C2 
-C.258E-03 
-c. 654E- C ?  

-0.271 €-e1 

- o . c w E - ~ ~  

- 9 . 5 7 ~ ~ ~ 0 2  

0 . 2 6 r t ~ - r ~  

t ( R )  

1.0347 
1.0174 
1.C013 
0.9a57 
9.969P 
0.9525 
3.9354 
C.91Q6 
0.0045 
0. e 9 4 5  
c. 8 P 9 3  
0.887s 
C. 9 @ 9 6  
0. 8 9 0 1  
C. 8 9 1 6  
C. P936  
n.e972 

R 

7.5c 
7.55 
7.6C 
7.65 
7.7C 
7 . 7 5  
7.80 
7.R5 
7.0') 
7.45 

e . 0 5  
P . l C  
9 . 1 5  
R.2C 
8 . 7 5  

p.nC 

p.3r 

H2° 
S*I(S) 

-0.229 E - 0 1  
-?.?43E-31 
-0.190E 00 
-0.259E @O 
-3.28FE C C  
-9 .237E 00 
-0.2ARF O i  
-0.226E 00 
-0.177E 00 
-3.951 E-@ 1 
-0.6 7 1  E-01 

0.131E-C2 
0. 8 9 1  E-DL 
9.122F 00 
S.131E 31: 
0 . 1 2 3 ~  90 
o . i c a E  00 
3.113F 09 
0 - 6 9 0 E - C l  
3 . 1 4 3 E - I 1  

- 0 . 2 6 5 t - 0 1  
-3.93eE-c: 
-0.9 1 Z E - 0 1  
- 9 . l 2 3 E  00 
-9.172E C0 
-3.222E no 
-7.149F Cc) 
-3 .146E 'I0 
- 3 . i 2 9 r  9C 
-9 .h23E-01 
-C - 7 6  1E-0 1 
-3 .23hF-"1 

n. 668E-01 
0.IC7C CP 

n.152C CO 
".145E " 3  
0 . 1 2 a r  ?0 
3.9ESE-P 1 
0.691E-01 
O. lQ4E-01 

-0.5 ?9E-0? 
-'3.1@4E 00 
-9 5 5 9  E-0 1 
-3.114E 00 
-0.535E-71 
-0.319E-C1 
-0.405E-02 
-7.718E-02 

0.128t 3n 

0 . 4 2 1 ~ - 0 1  

40 c 
ERROR 

0 :?0E-0 1 
C 190E-0 1 
0.188E-01 
0.187E-01 
0. I P 7 E - n l  
0 .188E-01 
0.189E-0 1 
0. 190E-01 
0.192F-01 
'I. 194E-0 1 
0.196E-01 
C.19eE-01 
J. 2 c 1  E-0  1 
c. 2 0 2 5 0  1 
0.204E-01 
0.205 E - 0  1 
0.2C6E-0 1 
3.2OAE-01 
0.?09E-01 
0.209E-01 
c. 210E-0 1 
@. 2 1  1 E-@ 1 
0.212E-01 
(2.2 ?4E-0  1 
0. ?15E-C 1 
0.216E-01 
C.219E-01 
0.221E-01 
C. 223E-'31 
0.227E-01 
0.228E-01 
0.231 E-0 1 
0.235E-01 
0.238E-0 1 
C - 2 4 1  E-0 1 
0.244E-C 1 
C. 246E-01 
0.249E-C* 1 
0.238E-01 
0.242E-01 
C .  245E-0 1 
0.248E-0 1 
0.252E-01 
0.257E-C 1 
0.260E-C 1 
0.265E-01 
0 .269€-?1 
0. 274E-0 1 
0.278E-0 1 
0.282E-0 1 

4 O  c 
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R 

0.85 
Q.9Q 
e.?= 

1.05 

1 . 1 5  

1.25 
1 .?r? 
1.35 
1 .4n 
! . 1 5  
: . 5 c  
1.55; 
1.6" 
l .h+ 
1.70 
1 .75  
?.An 
?.RE 
1.90 
7.9q 
2.9Q 

2.1" 

7 .7c  
2.25 
2.7p 
2 . 3 5  
7.4( 
2.45 

i .on 

: . i n  

1 . w  

z.n= 

_I * c  <.L 

I Y T r h' Z 

7 

0.0 
0.0!9 
0.030 
0.07fl 
0.0l.n 

0.060 
0.7'0 
0 .OQO 

o.nEC 

>.no0 
0.100 

n. I 20 
".I10 

0.127 
0.If-O 
0.1 50 

0.170 
C.180 
0 .  IC0 
c. 207 
0 .219  
0 . 2 2 0  
0.230 
9 . 2 ~ 0  

0 . 2 C G  

C.ZQ0 
7.?CO 
0 .3c0  
P.310 
0.7 7 0  
0.370 
P *  ? 4 0  

r . iFc  

0 .750  

0.27~ 

0 .7  5c 

G(R) 

1.3649 
1.5925 
1. 7 Z 7 8  

1.6447 
7.4317 
L.1492 
0.950Q 
3.5901 
q.4016 
0.2927 
0.2646 
0 . 2 2 5 7  
9 . P P 4  
9.1916 
0.1534 
0 .1431  
0.1662 
C.2235 
3.2975 
0.3635 
'J. 38P9 
0.3756 
0 * 3349 

o . 2 7 9 9  
c. 3'505 
0.3616 
e.3774 
0.3577 
- , 3 f l t o  
0.2159 
0.1540 

1 . 7 4 ~  

n. 2944 

I T I E S  

&(SI 

O.fJc9C 03  
C.660F 0-  
9.560E 0: 
7.h5OT c z  
0.h40F 0 2  
3.6"Of 0% 
O.hScF 0' 
1.I.C;cc q ?  
n.4=9: 97 
7.h5QF 9 7  
0 .6 rqE  0 2  
l . t r Q F  7 7  
? .5FSF 97 
C.658' C ?  
r ) . h S S F  c z  
0 .6=7s  0 2  
0.6c7c 0 7  
O.hG7F 0 2  
0.6"7c C? 
0 . 6 r h r  97 
0 .555F  0 2  
n.6'5= 02 
0.65Sc 02  
0.655F 7' 
0.SSLF C' 

0.654F 07 
0.0'.3r C 3  
0.65?' 03  
0.557F C? 
0 . h 5 7 E  7 7  
9 . 6 5 7 C  O? 
0 . h ' i l '  0' 
0.650F 93 

7 . h L c c  3? 
0.640' 02 

3.657' r ?  

R 

3.35 
3,437 
3.45 
2 . 5 9  
3.55 
7 . m  
3.65 
3 . 7 ?  
1.75 

3 . m  
?.eo 
3 . 9 5  
4.60  
4.935 +. 10 
&.:5 
4.70 
4.25 
9.'0 
4 .35  
4.40 
4.45 
4.59 
4.55 
4.60 
4 .65  
6 . 7 0  
4.75 
4. eo 
4. RS 
4.90 
4.95 

2 .  eo 

I N  

G(R) 

3 .  89P6 
0. R7@8 
0.8672 
'i.97! 7 

0.9329 
C.96L.1 
c. 9874 
?. 9 8 5 7  
0.9787 
0.2703 
0.96'38 
c. e781 
9.9967 
1.0194 
1.0404 
1.C563 
?.e670 
1. e746 

1.0917 
1.  IC15 
1.11:s 
i. 1!9? 
1.1229 
1.1231 
1. 12C4 
1.1154 
I .  1083 
?.09Pb 
I. cess 
:.0102 
1.0627 

0. a982 

:.oeZi 

E l  

H ( C 1  

R 

5 .95 
5 .9c  
5.95 
6.CO 
6.35 
6 - 1 0  
6 . ! 5  
6-71: 
6.25 
6.39 
6.35 
6.40 
6.45 
6.40 
6 . 5 5  
6.60 
6.65 
6.70 
6.75 
5-80  
6 . 8 5  
6.90 
6.95 
7.00 
7 .05  
7.10 
7.15 
7 .  zo 
7.25 
7.30 
7.35 
7 . k C  
7.45 

E C T R C N  

J l S l  

C . r j 7 C E  0 1  
0.C20E 01 
C.A775 01 
0 . 6 2 G F  01 

0.570F 01 

C.623F Cl 
O . t Z O E  01 
C.620:: 01 
0.620E 01 
O . F 7 0 F  01 
0.670F 01 
C . C Z O F  01 
C.OZ0c 0' 
C.FZOF C 1  
0.670E 01 
0.670E 01 
O.620F 01 
f l .A_>OF C 1  
').620E 01  
C.C .?OE 01 
C . F Z 0 E  01 
').620E c1 
C.620E 01 
0.620C 0: 
C.C.ZO€ O! 
C.S?OF 01 
C.62OF r l  
0.520F OX 
0 . 6 2 0 F  GI 
C.f.29)E 01 
0 . 6 2 9 F  0 1  
C.620F C 1  
C.&ZOE 01 
C . 6 Z l F  '31 

0 . 6 7 0 ~  0 1  

r . 6 2 0 ~  01 

G(R) 

9.90?6 
0.913P 
0.9217 

0.9489 
0.9581 
0.9669 
0,9743 
0.982Q 
0.99OE 
I. 0007 
1.01iG 
I. 0200 
1.0294 
1.0364 
1.0418 
1.0461 
1. e a 9 4  

1.C527 
1 . 0 5 2 4  
1.0509 
1.C487 
1.O46C 
1.0434 
1.0409 
1.0383 

1.0315 
1.0272 
1.C226 
1.017% 
1.0130 

3.6372 

i .n516 

l a c 3 5 2  

U h I l - 5  

t R R r R  

0. tcOF-C! 
0 . 6 O C F - 0 1  
0.6.COF-0' 
0.  C.'>OF-L! 
C . C O O E - C !  
0. t O 0 F - O I  

0. L C O E - C I  
0. ~ C O E - O I  
0 . 6 C C F - S I  
0. t o o ? - 0 1  
0 . 6 C 0 F - C l  
0.OOOF-01 
0. 6 C O F - 0 1  
O.C.C0F-01 

o . r r o t - c :  

G .  t ro+c i  
o . ~ c o ~ - c i  
0.tGCf-Cl 
e. C C O E - C l  
0 . 6 G G E - 9 1  
0. COOE-O!  
O . C O C F - C l  
9. ' C C E - C I  
0. hG0E-01 
e. CC@'-CI 

0. b C 0 E - C 1  
0. C C C F - c 1  
0. C C C f - C ?  
0.6COF-01 
0. t00F-01 
O a t D O F - C i  
0. t9OF-Tl 
G . t O O f - - C I  
0. tG0E-Cl 
0. t 00E-01  

n. C O O F - C !  

R 

8.35 
P.40 
P.45 
8.50 
e . 5 5  
8 .6C 
9.65 
n.70 
e . 7 5  
P.80 
P.85 
8.90 
e.95 
9.n0 
$.Q5 
9.10 
4.15 
9.20 
9.25 
9.3c 
9.35 
9.40 
9-45 
9.50 
0 . 5 5  
'4.60 
9.65 
9.7r 
9.75 
9.@0 
9.85 
9.9e 
9.95 

G(R) H20 

0.9929 
0.9944 
7.9944 
0.9Q58 
0.9939 
0 . 0 0 5 6  
0.9Qn9 
1.0070 
1.0063 
1 .e075 
1.0664 
1.0035 
L.OCC4 
0.Q983 

0.9966 
l.@Dlb 
l.OC27 
:.on71 
0.99Q9 
C . Q Q 7 1  
0.9Q50 
0.9945 
0.9957 
0.9075 
0.9987 
0.99R1 
0.9957 
0.9C23 

Q . 0 8 9 2  
0.9896 
0.9932 

c . 0 ~ 8 7  

0.9893 

n2° 
S*IIS) 

0.0 
-0.59YF-07 
-0. t 2 O E - O l  
-3 .179F-01 
-0.239L-1; 
-0 a L 9 ? E- 0 1 

- 3 * L l O E - . ' j l  
-q. 4 7 3  E -  0:  
-7.5 3 B E - G I  
-9.5 9P E -  i; 1 
-7.65.3E-Cl 
-0.7 1 R E - 0 1  
-0.777 F-  0 1 
-0.837E-1: 
-0.fi97c-C1 
-7.957F-01 
-0.10ZE 00 
-0.lCSF 00 
- 0 . 1 1 4 F  00 
-0.120E 00 
-0.126E 00 
-0.132E 00 
- O . ' ? Q E  00 
-0.16L.E 00 
-0.IC;L)E 00 
-0.155F C0 
- 0 . 1 6 l E  00 
-0.167E 0 0  
-0 .173f  00 

-0.1A5f 00 

-3.137E 0c 
- 9 . Z C 3 E  00 
-0.209E 00  

- 0 . 7 5 9 ~ - c :  

-n . :79~  0 0  

-O.I~IE ori 

4" c 

200c 

E R R O R  

0.0 
0.hOOE-0 5 
0.120E-PA 
0.1 L! 0 E- 0 
0.Z4tif-04 
0 . 3 0 O E - l ~ L  
0.3tOE-0* 
3.421E-04 
0.481E-04 
0.54 1 E-04 
0.50iE-04 
0 . 6 6 2  E-04 
0.772C-04 
0.783E-04 
0.P43E-04 
0.904E-04 
c ,  905E-SL 
0.19 3F-03 
0.:09E-03 
O . l l 5 E - 0 3  
0,121 E-!? 3 
0.1275-07 
0.133E-03 
0.139E-03 
0.145E-03 
9.152E-Ol  
0.1 58F- 0 3  
0.164F-03 
0.170E-D3 
0.176E-03 
D.lt?3E-G3 
0.139E-fl3 
0.195E-03 
0.ZOlE-0 3 
0.205E-03 
0.214E-03 



S 

0.3c5 
0.365 
0.1'75 
0.7p5 
0.195 
0.405 
9 . 4 1 5  
0.475 
0.472 
0.4f.5 
n. 6 55 
P.465 
0.675 
0.4PC 
0.4CE 
0.505 

0. 5 Z C  
1.575 
O . C L 5  

0.E 55 
0.GC' 
0.575 
0.5P2 
0.5c= 
C . 4 0 5  
0 . 5 ' 5  
'3.425 
0.675 
7. 6'5 
0 . 6 5 5  
0.6bc 

O.5qT, 
0.L.CCj 
0.7,Tc 
n.715 
0 .72=  
0 2 ' C  

0.7'5 
n.7ric 

q.77c 
' I . Y P 5  
n.'7c= 
0.505 
n. P I =  
0 . 9 2 5  
0.e75 
0. 8A5 
r. 955 
0.8C5 
3.P75 
'S.'PC 
0.8C5 
0.005 
0 . C I C  
F. 9 3 5  

n.515 

0.675 

n . 7 6 5  

1.002 
1 . 0 7 ~  
I . I c 6  
1 . 2 7 3  
1.310 
1 . 2 P T  

: .4t4 
1 . 5 4 1  
i . 5 I Q  
! . 6 S K  
1.771 
1. R l r R  
7.925 
2.002 
7.078 
7 . 1 5 5  
7.231 
2.308 

J(9 
C.620F 01  
C.62OF 0 1  
C.620E C 1  
C.620E 01 
0.621E 0 1  
O.621E 0 1  
0.621F 0 1  
O . 6 7 l E  01 
0.672F C1 
n.622E 01 
r).C23E C 1  
0.523F 01 
0.624F 0 1  
0.624E 01 
C.675E 01 
0 .625E 01 
0.626E C ?  
0.627E C 1  
0.628E C 1  
0.6?9F C 1  
0.629F C 1  
0.630' C 1  
0 . t l l C  C I  

O.EX'E 0 1  
0.6'4E C ?  
0.635E C 1  
0.637E 01 
0.639F C 1  
0.6?9E 01  
C.C4OE c 1  
0.642E 0 1  
0.643E CI 
0.644F C1 
0.6L6p 01 
0.617E 0 1  
0.h40E c1 
C.6SOF C 1  
0.652E C 1  
0.6546 C 1  
@.6EEF C1 
0.657E C 1  
0.6EQE C 1  
O.h6lF 01 
0.463E 01 
0.6C4E 01 
0.66hE 01 
0.6hBF 01 
C.670E 01  
0.672F C 1  
0.675E C 1  
0.677' C 1  
0.h7aE 01 
C.6rclE c1 
0.633E C 1  
0.63t.E C 1  
0.6PPE c 1  
O.C@l€ c 1  
0.756E C 1  
O.@67E 01 
0.085E 0 ;  
C.114E C2 
0.135E 0 2  
0.1F3E C Z  
0.702E 0 2  
C.253E c 2  
0.312E 02 
0.3e5E C2 
0.457E C2 
0.523E 02 
0.568E 02 
0.577E C 2  
C.564E C2 
0.531E C2 
0.L97F 0 2  
0.463E 0 2  

0 . 5 3 2 ~  a i  

44 

ERROR 

0.600E-01 
0. € T O E - 0 1  
0.5C9E-Cl 
0. C G C  E- 01 
0.5CCE-C' 
0.55nE-CI 
0.5'37t-C! 
0. F96F-C1 
0.505E-01 
0.5Q4E-CI 
0.503F-01 
0.5C1E-0! 
0.5CCF-Cl 
0. C38E-01 
3.5P7F-Cl 
0 . 5 8 5 c - 0 1  
0.593E-C1 
3.581 E - C l  
0 . C 7 S E - C I  
0. '76E-01 
0. & 7 4 E - C !  
0.571E-C1 
9 .56Cf -C l  
0.56cf-" :  
0 . 5 6 3 f - 0 1  
0. C 6 0 E - O ?  
0.5E7F-C1 
0 .554F-Cl  
0. =f .cr-c:  
0.5"7E-C1 
0. = 4 3 t - C 1  
0 .53cE-01 
O.525E-01 
0."?1E-0I 
3 . 5 2 7 E - C l  
0.C23E-Ol 
r ) . 5 1 C F - C 1  
0. =14E-C? 
O . E . 1 C F - 0 1  
0. 50CE-C? 
O.5CCE-CI 
3.LQ6F-C: 
7.490E-01 
0.4qCE-C! 
0. Leo=-  0: 
0 .475F-C l  
3.4 tCE-01 
0.464 C-01 
0.  - 5  e E- c 1 
C.452C-Cl 
0 .466E-01 
O . 4 4 O E - C I  
0.424F-C1 
0.L27E-Cl 
0.42 1 F-C 1 

0.4CFF-Cl 
O . ~ C l E - C I  
0.435E-CI 
0.4BOF-Cl 
7. E25E-C1 
0.586 F-C 1 
0.652E-01 
0 . 7 3 Z E - C I  
0. P 2 9 F - C l  
0. C 5 3 E -  c 1  

O.?CbF C O  
0 . l i 5 F  00 
0.142F C C  

0.157F C C  
0.154E C C  
0.14f.E C 0  
0.1375 C O  
0.l25F C C  

O.&ILE-CI 

3 . i o e E  c o  

o . i = ' r ~  cn 

1 6 )  
-0.598E 00  
-0.598E 00 
-0.598F CC 

- 0 . C S B E  00 
-0.598F 00 
-C.CSSE c o  

-0.599E C O  
-0.'59E PO 
-0.F58E c o  
-0.59PE C O  

-0.5$'E co 
-0 .5S7E 09 
-0.597E 00 
-OSE97F GO 
- 0 . 5 C 7 E  30 
-C.597E c o  
-0.557E PO 
-9.S97F C C  
-0."97E no 
-O.=97E C O  
-0.556F 09 

-0.5QhE c0  
-0.556F G O  
-0.59tE 00 
-0.596F 00 
-0.556E O C  
-0.ES5E G O  
-0.595F OC 
-0.5F5E 00 
-C.S=sE CG 
-0.595E 00 
-0.595E 00 
-C.5C4E cn 
- 3 . 5 9 4 E  00 
-0.59+E 00 
-0.5S4E 00 
-0.554F 00 
-0.E43F co 
-0.593E C 0  
-0.593E OC 
-0.E53F 00  
- 0 . = S Z E  co 
-C.EC2' co  
-0.5Q2E c o  
- 0 . 5 C Z E  OD 
-C.cCIF C O  
-0.5SIF 00 
-C.SSlE C O  
-0.5C1E 00 
- 0 . E C O E  00 
-O.=COE co 
-0.5COF OP 
-0.559E 0'7 
-C.5R9E 3 0  
-C.5@lE 00 
-0.563E 03 
-C.557F C O  

-C.503E 00 
-0.462' C O  
-0.40CE 00 
-C.q29F C O  
-0.235E 00 
-0.11CF 00 

@.?C?E-Ol 
0.737F C O  
C.239E 00 
0.7P6E CO 
0.7$7E 00 
C.271E 00 
0.241E QO 
0.20QE CO 

- 0 . 5 s ~ ~  00 

- 0 . 5 ~ 8 ~  on 

-C.C.CSE cn 

- 0 . 5 ~ 6 6  no 

- 0 . 5 3 2 ~  c r  

H2° 

S*l(S) 

-0.213E 00 
-0.219F 0 0  

-9.230E 00 
-0.236E C O  
-0.242F 00 
-0.248E 00 
-0.254E ')o 
-0.26OE 00 
-0.266E 0 0  
-n.272E co 
-0 .773F  PO 
-0.284F C O  

-0.206.E 00 
-0.3OZE 0 0  

-0.T14E 00 
-0.320E oc 
-0.326E 00 
-0.331E 0 0  
-0,737E OC 
- 0 . 3 4 3 E  co 
-').349E c o  
-0.755E 00 
-0.7'elE o c  
-0.367F 0 C  
-0.373E 00 
-0.773F CC 
-0.384E 00 
-0.790E O C  
-0.396E 0 0  
-0.4CEE C O  
- 0 . 4 C A E  00 
-0.414E CO 
- 0 . L l C E  00 
- 0 . 4 2 5 F  oc 

-0.437F 00  
-0.443E 00 
-0.41.BF 00 
-0.454E C O  
-C.460E OC 
-0.466E 00 
-0.471E 0 3  
-0.477F c c  
-0.4P3E 00 
-O.+R9F 20 
-0.494E 0 0  
-0.500E 0 0  
-0.506E 0 0  
-0.511E 00 
-0.517: 30 
-0.523E '30 
-0.528: 3 0  
-0.534F 00 

-0.545: 00 
-0.583E 00 
-0.613E CO 
-0.639E 0 C  
-0.656E C O  
-0.69SE C O  
-3.C41E 00 
-9.595E C O  
-0.5C7E 0 0  
-O. 'S'JE c c  
-0.197E C C  

0.151E-C1 
0.252F C 0  
0.458E '3'3 
0.572E 20 
0.61bF 00 
0.593E 00 
0.533F 00 
0.483E 00 

- 0 . 2 2 4 ~  oc 

- 0 . 2 ~ 0 ~  no 

- 7 . 3 0 9 ~  nc 

-n .a? iE  0 0  

- 0 . 5 1 9 ~  oc  

200c 

ERROR 

0.217E-03 
C. 2 2 4 6 0 3  
C. 230E-03 
C. 236E-03 
0.24 2E-0 3 
0.248E-03 
0.255E- 0 3  
0.261 E-0 3 
0.267F-03 
0.272E-03 
0.279-t-03 
0. 284c-C3 
0.290E-03 
0.296'- 0 3 
0.301F-03 
0.307E-03 
0. ?12 E- 0 3  
0.319E-03 
0.32 3E-03 
0.328 E - 0  3 
0.337E-07 
0.338 E-03 
0.363E-03 
0 . 7 4 9 E - 0 3  
0.353E-03 
0.35 7E-0  3 
0.362E-03 
0.366E- 0 3 
0.370E-03 
0.374F-03 
0 .378E-03 
0.382E-0? 
C. 38hE-03 
0.3qOE-03 
C.?C3E-03 
0.396F-03 

0.402E-03 
0.405 F-F 3 
0.408E-03 
0.41 O E - 0  3 
0.41 2 E-03  
0.414F-03 
0.416F-03 
3.41eE-03 
0.419c-03 
0.420F-r)3 
0.421 E- 3 3  
0.422E-07 
0.423E-03 
0.423E-07 
C. 4 2  3E-03 
0.423F-03 
0.42 3E- 0 3 
0.422E-03 
0.42 1 E - 0  3 
0.42OF-03 
C.4 ISE-03 
0.503E-03 
0.61 1 E - 0 3  
0.737F-03 
'2.9-93E-03 
0.108E-02 
0.13ZE-02 
0.163E-32 
0.20 3F-0 2 
0.249E-02 
0.263E-02 
0.336F-02 
0.414F-02 
0.484F-02 
0.532 E-02 
0.562F-02 
c. 5 7 2 ~ - c 2  
0.579E-02 
0.585E-02 

o. ~ W E - O ~  
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71.247 
? ! . = e 6  
? l . f * Q ?  
l ! . C O A  
11 .71 f  
!! .R31 
11.Q46 
1 2 . 7 5 c  
1 2 - 1 7 !  
1 2 . 2 9 ?  
12.?P? 
1 2 . 5 c 3  
12 .511 
12 .7 tC 
? 2.926 
I ?.a37  
13.0'5 
! ? . I 4 0  
17 . .?G? 
l ? .  3 4 5  
1 3 . 4  4 5 
1 ?. 51.5 
' 2.646 
'?.'"I 
' 2.9'8 
' ? .033 
1 4 . 9 7 9  
! 4 . !  i! 
' 4 . 7 1 4  
!4.7C5 
' 4 . 3 9 5  
! 4.1 G h  

? 4.5 72 
'L.5C9 
1L.744 
14 .979 
?".9! 3 
! 4.occ 
1 c . 0 - t  
! 5 . ! = t  
!C.23' 
! c . y  13  
.".jFQ 

'E.465 
15.5'2 
:5.61: 
15.604 
'5.7Cb 
15.0?& 
1 5 . 9 = 7  
1 = . S = o  
1 S . n ? q  

J(S) 
0.717E C! 
0.215E C! 
G.213F 0 :  
C.711E C? 
0 .7r7E 0 1  
0.205F C 1  
0.2C3F 01  
C.2COF C 1  
0.1=cp c 1  

O . l C 2 E  c 1  
C.1COE c 1  
O.lP6F C 1  
0.194E C ?  
0 . 1 P Y F  0 1  
0.161C C: 
O . t P O E  c1  
9.178F C 1  
7.176E C 1  
C.175F C 1  
C.173F C1 
0.174E C 1  
3.177F c 1  
7.17CE C ?  
C . l h G E  c 1  
0.1t7E- 01  
O . ' r = E  0 1  
C . ! t G E  0 1  
0 . 1 ' 1 F  01 
C.lf-PE c 1  
O.1'O-E c 1  
C.!'7F C l  
0.156E C 1  
C.1S7E C ?  
".l'?F 0 1  
C.'5!F C! 
C.150' C ?  
9 . I L . A E  C ?  
9.146E C 1  
0.146E C 1  
C . 1 4 L F  GI 
O.:.+'E c 1  
0.1h!E c 1  
0.141C C 1  
C.1SOE c 1  
0. i '?C C 1  
?. l?PE C 1  
C.17PE c 1  
0.1=7€ 01 
0.136F C? 
0.!?6F C ?  
3 . l a C F  0 1  

O . ~ L = E  r i  

R 

c.9 
9.0s 
C.'" 
0.16 
O.?O 

c. 7 0  
e. 3 5  
c.40 
0.4c 

0 . 5 5  
C . 4 P  
D . A C  
0. 'A 
n. T =  

C.QC 

n. 2 5 

c. 5 c  

G ( 0 )  

0.9 
-0.771rP 
- 0 . 7 n v 7  
-3.11" 
- 0 . 0 3 7 3  

0.0'42 
0.CC7C 
9.0871 
0.1lL.C 
9 . 1 7 S 7  
*3.2942 
0.460P 
0 . 6 6 6 5  
0 . P 9 0 P  
1.111: 
1.39QO 
1.4741. 

P 

?. 5 0  
?. c 5  

7 . 6 0  
7 - 6 5  
2 .?C 
' . 7 C  

? . " 0  
: .R5 
7.40 
? . 9 C  
?. C ?  
2 . C 5  
3.10 
3.15 
= . 2 0  
3.2: 
'.?0 

: ( P I  

c .1201 
0 .  2 5 ' ' :  
3.554? 
0.971.h 
? . 4 = ? L  
1 .  a 4 2 0  
7 . 1 1 9 3 ;  
2. 201.6 
7.1195 
1.9147 
1.6646 
!.4?34 :. 2 5 t l  
1.136: 
1. C550 
9 . 5 s 0 9  
0.C27!3 

H 

5. c c  
5.95 
5.1C 
5.1= 
5.2C 
5.25 
5 . 3 C  
=. 35  
5.4c 
5 . 1 5  
5 . ' C  
5.55 
5.6C 
5 . 5 5  
5.7c 
5 . 7 5  
5. O C  

46 

ERROR 

0.7COE-02 
0. tQGE-C7 
9. r c 4 F - C ?  
0 .547E-Ci  
0. F79F- f l?  
0. C'ZE-CZ 
0.5?5E-C7 
0.51 7 E - C 2  
0. E'! 2c-02 
n. ' 0 3 E - - @ i  
0.4c7C-02 
0. LSOF-C2 

0.4 76 E -  c 7 
0.472E-CZ 
1.4t7F-CZ 
0.46 1 E - C i  
0 .  4 5 6 F - C Z  
0.45 1 E - C ?  
7.41.7F-SZ 
O . d . I . l F - c 7  

0 . 4 ? c c - 0 7  
O . d . ? 5 E - C ?  
O.h'CE-C? 
0.47CF-C7 
0 . 4 2 2 f - C :  
9.4 i 7F-C2 
0. 1 . I L E - C Z  
O.1.C"E-C? 
0.4C6F-CZ 

0. ==QF-C2 
0.3CCE-C2 
C. 35CE-C2 
0.3?7E-C? 
r ) . 3 P 2 F - C _ 2  
c. ?Q'nC-C? 
) *  2 7 r . c - c -  

0 . 3 C C F - C Z  
0.7,65E-02 
0 .  ?41E-C;? 
0 .  ' 5 A E - C '  
0.35'F-C> 
n. 3 5 3 F -  C i  
0.75rF-  c 2  
0.347E-CZ 
n . 3 4 5 F - C i  
'l. 141E-02 
0 . 3 4 q E - C :  
0. "RE-27 
3 . 7  ?SC-C? 

O . ~ R ~ E - C Z  

0 . 4 c 2 r - c 2  

9. ? ~ I E - c ~  

G ( P  I 

0 . ~ ~ 7 9  
e. St96 
9.5632 
O.Sfi'7 
0. S C C P  
0.C50P 
0."43? 
0."?21 
o.cc3c 
0. P S 5 7  

0. F 9 7 7  
O.QC'! 
0. C! 6 6  
C.S201 
0.2157 
0 . C C C S  
9. 8 9 S E  

1 6 )  
C.c!3E-C2 
O.P@7E-02 
0.1 ?7E-01 
0.135F-CI 
0. ? e l € - C ?  
C. 9 I1 F-0- 
c. I C O F - O !  
0.'.47E-02 
3.877E-@? 

-0. 347E-02 

- - P .  137E-C! 
-0.!h9E-01 
-C.120E-C1 
-C. lObE-Cl 
-C.?77C-C2 

-0.79RC-02 
-0.2 10E-07 
-C. 777F-CZ 

r .?coE-c2 
'I.IO1F-01 
0 . 7 i l E - C 2  
0 . 1 0 2 = - c 1  
c. 1 1 9 E - c i  
C . E t O E - 0 '  
0 .112E-01 
0.432E- C? 
C.753F-CZ 
C .  t P F -  C 2  
c. 329E- c 7  
0.478F-0' 

- C .  2 12F-C2 
-C.lbPE-O? 
-O.? 2 l E - e 7  
- 0 -  6 71 F-03 
-G. 5'2E-02 
-C.! O'E-C1 

-0 .Q97E-C2 
-c. 10CE-Cl 
-0.1 l a F - 0 1  

-s. 113E-02 
-0.4 22E-'3' 
-0.7P6F-C? 

0 . 2 C 9 E - C 7  
0.5P9F-07 

C . 7 7 +  E- C2 
0 .C84€-02 

- 0 . 7 6 2 ~ - ~ 3  

- 0 . t e i ~ - 0 2  

-r . s 75 F- c 2  

-r . 4 3 " ~ - 0 2  

- 0 . 7 ? 7 ~ - ~ 2  

0 . 4 ~ 1  r - e ?  

R 

7.50 
7.=5 
7. tC 
7.66 
7.7s 
7.75 
7."C 
7.n5 
7.cc 
7.+5 
?.CC 
P . O C  
P . l C  
8.15 

P . 7 C  

4.?C 

a . 2 ~  

H2° 
S*I(S) 

0.103E C O  
0 . 1 9 l E  3 c  
0.157E CC 
n.:57E c f l  
0.9 15 E-0: 
0.1OQE O C  
O.l7OF O G  
0.593E-Cl  
0.107E 0 0  

-0.3 36 E - 0 7  
-0.430E-01 
-0.851E-01 
-0.17?E 00 
-0.715E c o  
-0.154F C O  
-0.117E C C  
-0.127E o c  
-C.lZRE c c  
-0.1C4E 00 
-0.292E-01 
-3.372E-31 

0.103F 00  
0 . 1 2 8 t  c c  
0.991C-01 
0.141E 3 0  
0.165C 01) 
7.121E rc 
7 ) . 1 = 9 f  c c  
0.61SF-01 

0.992E-31 
O.Gr lE-0 l  
0.2Q6E-91 

-0 .  3 10 E-C 1 
-0.247E-01 
-0. ' -76E-C1 
-1).100E-31 
-0 .859E-Cl  
-0 .155E c o  
-9.h52E-C! 
-0.1?7C 'IC 
-0 . l f -2F  00 
-0.17AE c c  
-0.114E 00 
-7.176E-C1 
-7.5c5 E - 0 1  
-3.46.9E-Cl 

e. 7?CF-C1 
O.930E-01 
0 .h27F-C1 
2.124F 00 
O.l$RE 00 

o . i c a F  co 

0.4067 
7.QC13 
0 . S 8 1 4  
0 . 9 8 5 2  
@.9P47 
0 . 0 3 2 4  
@ . Q a L 3  
0 . 9 9 7 0  
3 .9907 
0 . 9 5 2 3  
0.9CI  5 

0.9C75 
0.9822 
0 . 9 7 8 1  
0 .c775 

0 . 3 8 3 5  
o . q a i 5  

20° c 
ERROR 

0. ? 5 6 E - O l  
0.3 5 1  E - 0  1 
0.293E-0: 
0.295E-O! 
0 .297€-01 
0.300E-0 
0.30 3 E - 0  
C.305F-0 
0.300E-0 0 .308F-C 

0.31 15-0  
0.313E-0 
C. 314F-0 
0. 3165-0  
0.319E-0 
0 .322t -0  
0.325E-0 
0.327F-01 
0.330F-01 
0 .  ? 3 3 E - 0 1  
0.335E-0 1 
0.3 ?BE-0 1 

0 . 3 4 4  E- 0 1 
0.347F-G! 

0 . 3 4 2 ~ - n i  

0.350E-0 
0. ?52E-0 
0.351.E-0 
0.356E-9 
c. 3595-0 
0.361E-i) 
0.362E-0 
C.365E-G 
C.365k-0 

0.36YE-0 
0.372E-0 
0.37 3 F-3 1 
0.374E-01 
0.377E-01 
0 . 3 7 7 t - 3 1  
0.379'-03 
c. 3 P 0 F - 0 1  
0.392E-0! 
0 .  ?E5E-0! 
O.?ShE-Cl 
0.3PRE-01 
c. "OOE-01 
0.392E-O 1 
C.3O3E-0 1 
0.395E-Cl 
0 .305F-01 

0 . 3 6 7 ~ - n  

20°C 
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200 c 
R 

0.P5 
0.00 
0.9q 

1.oc 
2 . 1 "  
1.1' 
1.70 
1.2= 
1.30 
1 . 1 5  
1 - 4 0  
'.4C 

1 .50  
'.5C 
? .'C 
1.65 
?. 7 f  

1.90 
1 . 9 s  
1.90 
! . O K  

7 - 0 5  
2.10 
2 . 1 5  
2.20 
?. 2 E  
2.3P 
2 * 3 =  

? . A 5  

' . o r  

1.75 

2.on 

7.40 

G(R) 
1 .5461  
1 . 6 h l e  
1 .bh'Z 
1 . c 2 5 1  
1.43'< 
1 . 7 7 0 0  
9.9h79 
0.70?$ 
0.4752 
0 . 3 0 4 Q  
0 . l C S Q  
7.1-n0 
0.?051 
3.0775 
0.047h 
0,0726 
o . o i e a  
0.04"7 
0.ll'C 
O.1$76 
0.2795 
0 .3007  
0.3072 
0.267n 
0 . 7 2 ~ 7  
O.?lh7 
0.243L 
0 .20 '5  
0 . 3 4 5 7  
0.3515 
0.2S"O 
i'.21&7 
0.1'1P 

R 
=.75 
3.40 
3 . 4 5  
1.50 
1.55 
3.00 
7 .  $4 

-4.75 
3. PO 
7 . 8 5  
3 .  " 0  
7.q5 
6.00 
L.  c 5  

6 - 1 5  
6.70 
4.25 
4 - 2 9  
4.315 
4.40 
L.L5 
4 - 5 0  
4.h5  
4 . c c  
4.65 
' r .  7 0  

4. 75 
4 . 9 0  
4. 9 5  
C.QO 

4. $ 5  

1.70 

4.10 

I N T E N S I T I E S  

5 

0.0 
c .  1 9 0  
0.2CP 
n.30c 
f .400  

f-.=33 
I?. 473 
0.733 
" .P37 

?.n33 
1 . 1 3 3  

1.310 
2 . 7 8 7  
1.464 
' . * 4 1  
1 .618  
1.695 

1 .e.L0 
1.02" 

7.078 
7 .155  
2.231 
2.3PP 
2.384 
? .l.t I 
2.537 
7.h!4 
1.6"O 
2.766 
? . e 4 7  

c .  50n 

o.033 

1.2?7 

1.771 

3 . 0 ~ 2  

G(R) 

n. 9 3 3 4  
0.3714 

0 .9256 
0.P537. 
c. 9c29 
0. Q 5 < 9  
0.95'41 
1 o c a 2  
1.0C:h 
O . Q R 6 8  

0.9p23 
C. 9 9 9 2  
1.0207 
7.0373 
1.0t.63 
1.0432 
1.0696 
I . O L Z 9  
1 L c s 2 5  
1 .0670 
1. 0e00  
1. 0 0 9 2  
1.1915 
1. a 4 1  1 
1 . o v 0  
1.1r)Ofl 
t .  109' 
1. '157 
I. 1107 

1.9565 
! . 0 ! 2 0  

0.57'8 

1. c a 9 7  

R G(R) 
5.95 0 . C C O ~  
r.'JC 0.9107 
5.95 0 . C Z P  
5.co 0.9.44c 
6.C5 0.4594 
h.lC 9 . C 6 F E  
6.15 O,c7&0 
4.2C 0.9RO0 
6 . 2 :  C.5845 
0.3c i . c 9 4 7  
6.35 1.C7Cl 
0.4c 1.0=30 
6 . 4 5  1.03$7 

6 . 5 5  1 . 0 3 4 5  
6-60 l . C ? 1 2  
6 .65  1.037'r 
6.7C 1.04CC 
b.7K 1.0F.02 
6.80 1 . 0 E P 7  
5.95 l.POf5 
6.90 1.0575 
6.55 l . C . 4 P P  
7.cc 1.03"¶ 
7.05 1 . C 3 4 1  
7.10 1.C3'c 
7.15 1.C370 
7.20 1.0407 
7.25 l . C C O !  
7 . 3 C  1 .234s  
7 . ? *  1 .c751  
7.10 1 . 0 1 7 . S  
7 . 4 5  l.C'336 

6 . 5 ~  1.03-a  

E C T R G N  

J ( S )  

0.621E 0 1  
0.621E 0 1  
C.62l.E 01 
0.621E 01 
0.62J.E 01 
C.CZ1.E 01 
n.626E 01 
0.656F Cl 
0.7C9E C 1  
0.7P4F 01 
0.802E C? 
C . l ? @ E  0 2  
C.115E 07 
0.1316 C2 
0.154E 02 
f'.154E C? 
0.226E 0 2  
0.278F C 2  
0.339E C? 

Q.401.E C 2  
0.546E CZ 
0.577F 0 7  
0.5eBE C 2  
0.56LE 0 2  
n.532E 02 
0.461E C Z  
0.I57E C2 
0.420E 0 2  
0.4C5E CZ 
0.3elE 0 2  

C.tPlE C 2  
C.37bE C 2  
P.36QE 92 

0.*13E n t  

0.387~ ez 

R 
2.3' 
1.4C 
9.45 
0.PO 
0.35 
P . f - 0  
? . e =  
B . T C  
3.75 
P.QO 

8.90 
9.05 
G.0C 
0.05 
9.'Q 
O.15 
c .20  
c.25 
s.3c 
9.35 

= .45 
9.50 
9.55 
5.60 
C . 6 5  

c . 7 c  
9.75 
Y.CC 
4.55 
9 . S C  
4 . 5 5  

9. a 5  

a . t c  

G(R) 
0 . 0 9 5 3  
0 . 9 9 0 3  
0 .9q79  
0.5$2$ 
0.9571 
0.QF39 
0 .9850 
0.9907 
0.9C9h 
I .on5 5 
1 . C O B 9  
1 .0CR4 
? .0051 
1 .0015  
0.7937 
1 .orlo5 
1.0077 
1.0C5C 
1.oct.1 !. @046> 
1.0013 
0.4473 
0.5953 
0.7"*/, 
0.7957 
0.19hh 
0 . 3 c 7 7  
0 2 
9.9$93 
0.99*2 
0."9d5 
0.5'707 
0.Q9c3 

U N I T  

ERROR 

0.6COE-01 
0.6COE-01 
0.600E-01 
C.BCCE-Fl 
C.600E-01 
9.bOOE-01 
0.599E-Cl  
C'.5a6E-01 
0. 5 a o ~ - n i  
0 . 5 8 l E - 0 1  
C.570E-C! 
0 .556f -0  1 
0.54CE-C1 
C .  5ZlE-91 
r3.608E-C1 
@.~?lE-Ol 
0 . e 7 5 ~ - 0 1  
0.106E CO 
@.129E CO 
0.155F CC 
0.:91€ CO 
O.203E 03 
0.215€ C "  
0 . 2 x l E  CQ 
0.21ZE c0 
O . Z O 1 E  00 
0.1R7E CC 
0.175E C E  
0.166E CS 
0.158E CC 
0.157.E CO 
F.152E or: 
O.150E Cr? 
0.249E c3 
0.146E @ @  

S 

I t s )  
-0.598E 00 
-C.598€ co 
-G.59RF CO 
-0.598E 0@ 
-0.59ei r)c 
4.598F CD 
-C.597€ 00 
-0,594E 00 
-0.588E 00 
-0.579E GO 
-0.567.E 00 
-E.552€ OE 
-@.53?E co 
- 0 . f l O E  00 
- C . 4 7 9 €  00 
-9.4'5E c0 
-0.373E 00 
-0.794E Cc? 
-0.197E 00 
-9.754E-01 

@.4?3€-@1 
C.1776 CO 

0.375E co 
0.296E n0 
C.272F C'? 
0 .230E 00 
C.lQ7E GO 
0.173E cc 
0.1C7E 00 
C.162E "@ 
0.184E 00 

@ . 2 Z Q E  00 
O.247€ P O  

0 . 2 5 1 ~  cc 

0 . 2 0 4 ~  on 

H2° 

H2° 
S*I I S 1  

0.0 
-0.598E-01 
-3.120E 00 
-0.179E Of 
-1 .239E C 9  
-0.2Cj9E 00 
-C.319F 05' 
-0.376E 00 
-9.431E oc 
-@.4@3E 0F 
-O.5?OE 00 
-0.571E 00 
-0.6C4E CO 
-0.629E 00 
-0.627E C O  
-0.6P4E 00 
-0.5abE 00 
-0.453E 00 
-0 .310F  00 
-0.120E oc 
3.9 22 E- 0 1 
0.318E 00 
3.484E 00 
3.611E 00 
0.615E O C  
9.587E 00 
0.513i  co 
0.455E C3 
3.414E 00 
0.386E 00 
C.4P6E 00 
0.4Br)E DO 
n.549F GC 
0.633E 09 
r ) .?CZE oc 

25°C 

ERUOU 

0.0 
0.601 E-04 
0.121E-03 
0.183f-0 3 
0.246E-0 3 
0.311 E-03 
".313F-03 
0.400E-93 
C.467E-03 
C.535.E-03 
r) -60 2E-0 3 
0.6696-0 2 
0.7 33F-0 3 
0.794E-C? 
9.101F-02 
0.13OF-O2 
9.172F-07 
0.227E-9 2 
0.297E-02 
0.3876-0 2 
0.48 BE-07 
0.542E-02 
3. bT5E-02 
9,7446-02 
0.77 1E-C2 
0.787E-02 
0.788E-02 
0.795E-02 
c . Pn8E-o 2 
0. EZ8F-02 
0. B61.E-0  2 
0.9 18 E-02 
GI 371 E-0 t 

103E-0 1 
9*1B8E-r !1  



S 
1 . 9 1 R  
2.9c4 
3.@7C 
3.1a6 
3.227 
3.2CP 
3 .374 
7.450 
3.525 
7.6n1 
?.476 
3.977 
3.978 
4.128 
4 . 2 7 8  
4.427 
4.576 
4.725 
a. 8 7 4  

5.170 
5.317 
5.464 
5.610 
' . 7=7  
5.902 
4.Q:L.7 
6.107 
6.3'7 
6 . 4 W  
6.C7k 
h.766 
6.9P9 
7.951 
7.102 
7.332 
7.493 
7.612 
7 .7E l  
7.RQC 
~i .n77 
e.164 
R . 3 0 1  
P.G37 

P.7C-l 
3 .  R I .  1 
R.976 
9.1.17 
9.23s 

5 . n ~  

P. 5 7 2  

q.37n 
c.gno 

9. 9 8 7  
10.n15 

O.43C 
0.'90 

1n.142 
'3.'68 
T r . 3 r a  
' C . 5 1 7  

?".764 

11.007 
1 ! .127 
11.267 
1!.366 
11.4P3 
1 ' .  6°C 
!1.7!6 
1:.831 

12.C*9 
' 2.171 
12 .7*3  

i n . 6 4 1  

i r . g 8 6  

11.946 

W) 
3.2C4E 0 2  
C.254F q 2  

9.235E 0 2  
7.226E 7 2  

n . 2 r 9 F  0 2  
3.270' 0 2  
3.1935 0 2  

C.178E 3 2  
0.164E 0 2  
0.152E 07 
0.141E 0 2  
0.130E 0 7  
0.121E 7 2  
@.113E 0 2  
0.195E 7 2  
( \ .975F 31 
0.911E 01 
r?.851F "! 
9.707E 31 

0.735E m 1  
3.665F 0 1  
n.623E 0 1  
C.5Q5E *! 
0.564E 71 
0.536E n1 
0.511F ?I  
".4R9E 01 
0.446F 71 
"447E s 1  
0.430F "I 
0.'.13F 0 1  
C.398E 01 
0.38hE 31 
n.372E 01 

n.349F 0:  
0.33QE 31 
0.329E 0' 
7.321F 0 1  
0.3?3E 9' 
7.305F ". 
9.29Rc 01  
9 . 2 9 l F  01 
0.795E 9 1  

7 .274E ?I 
O.tt.9E 01 
O.264E 01  
C . 2 5 Q F  n1 
c .255F C 1  
0.25!E 9 1  
3.247F '71 
- .243F 01 
C.239= 0: 

".2'3E 01 
0.22"E O? 
0.226E C ?  
0.274= 91 
0.221F 01 
9 .2185 ?I 
0.215' q1 
".213E 71 
Q.210E 01 
0.2C8E c1 
7.206E 0 1  
C.ZC3c 0 1  
3.201E 01  
".199E O? 
n.197E 31 
0.195E "1 

3 . 2 ~ 4 ~  0 2  

n . 2 1 7 ~  (r2 

n . 1 8 5 ~  n 2  

n . 7 5 0 ~  0: 

2 . 3 6 ~ ~  ni 

0 . 2 7 9 ~  ni 

n . 2 3 5 ~  01 

M(S) 

c. 28 + ~ - n  I 

7.71 m-0 I 

0.273E-01 

0.217E-C 1 

0.323F-G 1 
0.338E-0! 
0.75 3E-0 1 
I) .  36qE-0 I 
n.385E-Cl  
".492E-0 1 
"."2"5-C1 
O.458E-01 
0.899E-0 1 
C. 54 3E-C 1 
C.59 1E-01 
0 .64 lE-01 
c. C Q 4 F - 9 1  ". 7 5 3 E - 0 1  
3.81 4E-- 1 
'7.877F-01 
n.946E-01 
3.1?2E 0 0  
0.139E 3 C  
@ . 1 1 7 E  9 C  
0.125E 00 
0.133E 0 3  
".141E F C  
0.15CE O C  
?l,.15RE oc 
^.167F C3 
0.176E 00 
C.155E 3C 
3.:94E c 3  
O.203c C O  
C.713E 30  
O.222E BO 
C.231E 3 C  
1 . 2 4 0 ~  on 
9.249E 
0.258E 00 
C.264E 0 0  
0.2755 0C 
0 . 2 8 4 ~  cn 
n.2925 q n  
C.3CGE -9 
C.309E 00 
n.317E O C  
0.324E C ?  

C.3'0E 99 
0.3475 00 
C.355F C O  
3 2 6 2 E  oc  
@.36QE 00  
C.376E 3 C  
1).?192E C O  
0.3R9F O n  
9.396E 00 
C . 4 C 3 E  c 1  

3.416E C O  
0.422E 0 0  
0.429E 00 
O.435E 0 0  
0.h42E 04 
C.4485 00 
0.454E c c  
0.46OE O C  
3.466E C 0  
P.472E @0 
3.477E c c  
0.483E 00 
0.4RBE 00 
3.494E C O  

0 . 3 3 2 ~  0" 

0 . 4 0 9 ~  nc 

n . 4 9 9 ~  00 

J(s) 
0 . 2 6 9 ~  

0 . 2 5 5 ~  a2 

O.321E 02  
C.2F7E C Z  

O.215E 02 
C.19r)E 02  
0.163E 0 2  
3.145E 07 
0.1?5€ e 2  
C.124E 02 
0.122E 02 
0.121E C2 
O.121E 0 2  
0.123E 02 
@.?24E C2 
0.122E e 2  
C.117E 0 2  
0.112E 02 
n.?C4E P? 
0.950E c 1  
f.P60C 01 
0.774E 0 1  
0.739E OL 
0.6>6E 0 1  

C.546E C 1  
0.527E 01 
C.516E C 1  
0.510E 01 
9.5COE c1 
0.497E fi1 
0.491.E GI 
0.482E C? 
0 . 4 4 7 ~  e i  
C.444E c 1  
0.428E C 1  
n.4" iE 01 
C . 2 7 9 E  c 1  
0.358E c1  
C.339E 01 
O.328E C l  
C . 3 l h E  01 
0.3C7E 0 1  
0.3C3E C ?  
O . ? C l E  01 
C.299E c 1  
0.29'E 01 
n.292E 0% 
0.2P8E c 1  
O.283E 01 
7.278F C1 
O . 2 7 1 E  0 1  
3.266E 0 1  
0.759F C 1  
C.251E 0 1  
0.244E 0 1  
C.2?9F 02 
C.234E 0'1 
0.231E G I  
0.227E 01 
0.2ZTE c 1  
O.2ZZE @l 
@.221E !?I 
0.220E e1  
O.Zl6F C 1  
0.216E 01 
O.ZL4E C 1  
9.213E 01 
0.211E (31 
O.2C8E 01 
C.2C6E 01 
0.203E 0 1  
O.200E 01 
0 . 1 9 R E  C 1  
0.195E 01  

0 .5e- j~  CI 
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ERROR 

r).?39E co 
0.12QE co 
C.106E C C  
0.92PE-01 
0.828E-CL 
0.734E-C: 
0 6 6 8  E-0 1 
C.622E-e1 
0.58 9E-CI 
0.568E-01 
0.421 E - C 1  
0 .419E-Cl  
0.4ZOE-Cl 
0 .41aE-01 
0.412E-Cl  
0 .3C5E-Cl  
0.38r)E-C? 
0.359E-Cl  
0 .333E-Cl  
C.3C6E-01 
0.281E-01 
C.24OE-r31 
0.239E-C1 
9.227 E-0 1 
0.2C9E-Cl 
@.20?E-01 
0.1$4E-O1 
O . 1 9 P E - 0 1  
3 . 1 P 3 E - 0 1  

c . 1 1 9 ~  en 

n. L ~ ~ E - C I  
n. 1 7 4 ~ ~ 1  
0.168E-" I  
0. I b l E - O l  
0 .153E-CI  
0.146E-01 
F. 138E-01 
3. '129E-C1 
r). 1 Z t E - 0 1  

( r . I O Q E - 0 1  
0 .103E-01 
3.995E-C2 
0.960E-02 
I-'. 919E-02 
C.PO2E-07 
0.779E-02 
0.764E-02 
3.745E-02 
0.726E-C2 
0.7C7E-72 
C).685E-C2 
0.667E-02 
0.446E-(I2 
0.624E-02 
3.604E-CZ 
0.588F-C2 

0.5hOF-02 
C. 544E-02 
0.537E-02 
0.527E-CZ 
0.464E-92 
9.458E-02 
0.45OF-02 
0.1.41E-CZ 
0 . 4 4 1 E - C Z  
0.4 3 7 E-@ 2 
0.432E-C2 
0.426E-C2 
0.421E-02 
C.4 14E-02 
0. 606 E- c 2  
0.4ClE-02 
C. ?95E-C2 

~ . I ~ ~ E - c I  

n. 5 7 1 ~ 0 2  

1(S) 
C.232E 00 
C.192E 00 
0.128E PO 
9.624E- P 1 

-0.363E-01 
-0.907E-01 
- 0 . l h l E  OD 
-0.203F 00 
-0.223E 00 
-0.24TE C O  
-0.235E OG 
-0.197E CO 
- 0 . 1 5 5 E  c0 
-0 .078 €-@I 
-r) 402 E- 3 1 

0.6 1: E-02 
0. 2 74 E - C 1 
"r513E-01 
0.5;QE-CI 
P.  349 E - C 1  

-0 2 13 E- 'I 1 
-0.458 E- 0 1 
-0 8 09 E- C 1 
-0.993E-01 
-0.109E 00 
-3.964 E-C 1 
-0.7 24 F -0 I 
-C.412F-C1 

0 . 1 5 6 E - C I  
C.507E-Rl 
P.677E-CI  
C. 767E-CI  
C.693E-01 
0.655E-Cl  
0.37flF-0 1 
0.167 E-01 

-0.535 E-C2 
-3.244E-CI 
-C. 305E-31 
-0 - 420 E-C 1 
-c. 380E-01 
-C.26QF-i)? 
- 0 . 1 1 7 E - P l .  

Q.311€-32 
0.904E-O2 
0.2305-0 1 
e. 280E- 01 
C.303E-0i  
r. 314E-CP 
C. t65E-01 
C. 230E-01 
C.146E-'31 
0.2 22E-02 

-C.877E-O? 
-c. 128E-01 
-3.2OlE-C1 
-0. 1C6E-09 
-C .238 E-0 1 
-0.1Q2 E-0 I 
-0.175E-0' 
-0 .12eF-01 
-0.576E-02 
-0.726.F-02 

0.451 E-C? 
0.421 E-02 
c.ln9E-01 
C. 1 4 0 E - 0 1  
0.  124E-r)L 
0.144E-CP 
C.109E-0? 
C.393E-F4 
0.36lF-DZ 
C. 5676-03 

0. 8 5 9 ~ 4 2  

- c . ~ v E - c ~  

H2O 
S*I(S) 

'1.678E 00 
3.574E 00 
0.3Q2E 00 
0.196E 00 

-3.117E '30 
-0.299E 00 
-3.545E 00 
-0.7C'lE 00 
-0.798E 00 
-3.889E 00 
-0.P65E 00 
-9.755E 00 
-0.615E 00 
-0.403E 00 
-1.172E OC 

0.271E-0 1 
C.125E 00 
7.243E 00 
3.2F.3E OC 
0 . 1 7 5 E  00 
0.444E-01 

-0.113E 00 
-0.25OE 00 
-0.453E 30 
-0.572E 00 
-0.642E 00 
4 . 5 8 3 E  oc 
-5.448E 00 
-0.261E 0 0  
-0.565E-01 

0.1C3E 00 
Q . 3 4 3 E  00 
0.468E 00 
7.541E 01) 
7.499E 09 
0.481E 00 

0.127E 00 
-0. 4 15E-31 
-3.192E 00 
-?.2&5E 00 
-3.363E 30 
-".316E OC 
-0.227E CO 
- 0 . 1 O I E  Cf 

3.271 E - 0 1  
3 .7s9E-51 
0.207E 30  
0.255E CC 
13.280E cr, 
0.294E 0 0  
9.251E 00 
0.222E Cc) 
q.142E C C  
Q. E20E-01 
-0.8 79E-Cl  
-0.130E 00 
-0.206E 00 
-?.204E OC 
-0.251E 00 
-3.204E 00 

-0.139E C C  
-0.6 34 E-C 1 
-0.805E-01 

0.5C7E-02 
0.478E- C 1  
0.126E 00 
O.163E 00 
0.145E '20 

0.130E 00 
7.474E-01 
0.439E-01 
3.697E-02 

0 . 2 8 2 ~  oc 

- 0 . i e 8 ~  00 

9 . 1 7 1 ~  o n  

25' C 

ERROR 

0.111E-0 1 
0.110 E-@ 1 
0.1C9E-Cl 
0.103E-01 

0.922 E-0 2 
0.873E-02 
0.950E-02 
0.844E-0 2 

0 .96a~-o 2 

o . a 5 3 ~ - 0 2  
0. a 7 7 ~ - c z  
0.738E-0 2 
0.830E-0 2 
0.94 1 E-0 2 
0.106E-Dl  
!J.l17E-0 
G.126E-0 
C. 135E-0 
0.142E-@ 
0.147E-C 
0.15OE-0 
C. 152E-0 
0.155E-C 
C. 156E-0 
C.159E-0 
O.164E-GI 
c. 1 7 1  E-C ! 
0 . 1 8 O E - 0  x 
0.1R9E-@ 1 
0.19BE-01 
'I. 207E-0 1 
0.21 8E-0 1 
0.225E-G 1 
0.231E-01 
0.234E-0 1 
0.237E-01 
0.238E-01 
0.236E-0 1 
0.235E-31 
C.232E-C 1 
0.233E-0 1 
C. 232E-0 1 
0.234E-0 1 
0 237E-C 1 
0.21 1 E - 0 1  
0. 2 1 5 ~ - c  1 
C.219E-01 
O.ZZ2F-0 1 
0.22 5 E-0 1 
0.228E-C 1 
0.23QE-C 1 
0.231E-01 
0 232E-0 1 
C.233E-01 
0 232E-C 1 
3.231E-0 1 
0.232E-C I 
0.232E-0! 
0.2 34E-C 1 
0.234E-01 
0.237 E - 0  1 
0.24"-01 
0.217E-0 I 
0.22OE-01 
0.221E-0 1 
0.225E-0 1 
0.228E-0 I 
0.231E-01 
0.234E-01 
0.235E-01 
0.238E-C 1 
0.239E-0 1 
9.239E-0 1 
0.241E-Cl  
0.242 E - 0  1 



S 
12.3q3 
' 7 . 5 D 3  
17,611 
1'.71C 
12.816 
13.a32 
13.036 
? 7 . 1 6 C  
'13.213 
13.345 
13.445 
1=.5(.5 
3 3.644 

'4.fl?P 
14.216 
14.395 
14.572 
14.744 
! a . a v  

15.235 ' K . 3 E O  
15.539 
+ 5.694 

i = . a ? e  

15.n76 

J(S) 
0.192E C 1  
0.1P9€ 01 
@ . I S R E  c 1  
O.IF6E 01  

O . l e 1 E  01 
0.179E 01 
0 .178E Cl 
C.177E 0 1  
(3.176E C l  
".174E 01  
0.113E 01 
9.ll7F 01 
9.160E 11 
9.165E C 1  
"162F a 1  
'3.159s c1 
C.145E c 1  
9.152E CI 
0.1bQE b l  

0.164E Cl 
1.142E 01 
C.14QE o r  
C. l=BE e1 

0 . 1 8 3 ~  a i  

r l . 1 ~ 7 ~  01 

P A O l A L  0 1 5 T 4 1 8 U r I 3 N  FIJNtTlCJhlS TO lq d 

G I P )  

0." 
-1.5c37 
-1.3546 
-1.2315 
-1 .OS84 
-7 .a910 
- c  . 9 w 5  
-0. A767 -- .7'f56 
-0.521! 
-rl . 2 w  3 

0.091 1 
F..l122 
c1.7156 
0.9735 
1.10-1 
!.?PI6 

1.7240 
1 . P I 6 r ,  
1.8275 
1.719Q 
L . 4 9 t C  

c, . R l i L F .  
3 .5903  

? - 5 ~ 9 0  

i . 1 ~ 7 2  

0.4r741 
- . 3 2 ~ 3  
R . 3 C l l  
0.7n77 
9.2866 
n -2364 
0.!6hC. 
9.1' QC 
0 .O033 
0.1299 
7.2336 
0.2916 
0 . 3 3 1 4  
0.3373 
"3C81 
n.27"! 
'2.2500 

R 

7.59 
7 . 5 6  
7.hC 
2.65 
7 . 7 c  
z .  75  
2 .80  
2.85 

7 . 9 5  
?.CC 
'.75 
? * l o  
3.15 
3.3 
3.75 
% . 3 0  
3.35 
7 . 0 0  

1 . 4 5  
? . 5 G  
1.55 
7.62 
1.6'  
3 . 7 7  
?. 7 5  
?.en 
2 . 8 5  
2. on 
7-95 
',e.CO 
*.or; 
4.17 
4 . 1 5  
4.20 
4.25 
4.70 
1.35 
4 . W  
4.45 
4.59 
4 . 5 5  
4.60 

2.sn 

G I R )  

0.0231 
c.  IPQ2 
0. cc99  
c. 93P7 
' *  3'66 
1.7985 
7.c-04 
2.1 174 
2.0377 !. e 5 2 1  
' . 6 1 Q ¶  
1.6238 
i .  2056 

Z . 0 P S l  
1.9280 
0.Q752 
n. $771 
0.8935 
C.SP32 
0. 3 9 8 8  
n. 9330 
c. 971 8 
l .QP! . I  
1 . 7 1 3 1  :. "c33 
0. Q948 
p. '3873 

0.QP75 
0. I S 2 8  
1.0036 
1.0114 
1.n168 
1.C229 
1.C335 
1 . 0 C C l  
1.0705 
l . tP97  
1 .1728  
1.1372 

I.OG56 

i.1c7a 

3. $778 

1. i n 7 5  

R 

5 .  co 
q.c5 
5 .  IC 
5.15 
5.2c 
5 . 7 5  
5.30 
5.35 
5.60 
5.45 
5 . 5 c  
5.55 
5 .60  
5.65 
5.70 
5.75 
5. eo 
5. D 5  
5.90 
5 .  $ 5  
6. "0 
6.05 
b . l C  
6. I5 
h. 20 
6 . 2 5  
6 . 2 0  
6 . 3 5  
6.4C 
6 .  L 5  
6.5C 
6.55 
b.  bC 
6.45 
6.71 
6.75 
6.8C 
6 . 8 5  
6.90 
6.95 
7.00 
7.c5 
7.10 
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ERROR 
C.3e8E-02 
0.382F-02 
0.379E-CZ 
0.375F-02 
0.370E-CZ 
0. 3 b6E-02 
0.762E-02 
0.36CE-C2 
F. 359E-02 
0.356E-CZ 
0.353F-CZ 
0.351€-?7 
C.351E-Ct 
n. 2 9 1 F - w  
0.235E-C? 

0.278 E-02 
C. 273E-3t 
0.269E-fl2 
0.265E-02 
c. 262E-OZ 
C.260E-02 
0.257E-02 
0.255E-CZ 
0.256E-CZ 

Q . ~ ~ ~ F - c P  

G f R l  

1.0237 
1 . c c 5 e  
0 . 9 c t 3  
cl.98C6 
0.9723 
0.964? 
c .s541 
CI."LZZ 
r ) .  9293 
n.9171. 
3.9079 
0.9C12 
5.8971 
0.8947 
0.8034 
0.e952 
6. F 3 9 P  
0.9084 
0. $206 
0.0757 
0.9494 
0.Q61l 
0.9691 
9 ,9737 
0.9766 
0.9802 
' ) .E853 
0.9956 
1 .eo68 
L.Cl9C 
1 .  C299 
!.@284 :. c439 
1 L 0465 
1.0171 
1.C465 
1.Cd53 
1.0447 
1 .043P 
1.C61.2 
!. .C452 
1. C466 
1 .  C468 

-0.361 E-02 
-C. SOOE-12 

-9. t64E- 0 2  
-0.983E-02 
-0.lC2E-01 
-C . l~ lE-OI  
-0.73RF-07 
-0.143E-02 

O.287E-03 
0*41PE-03 
0 -4 OCE-C2 
0.719E-" 2 
C.106F-01 
C.917E-92 
U.lC3E-Cl 
0 * 797F-O? 
C.9?9E-C3 
-0 - 155 E-O?  
-'3.5lRE-O2 
-C. 742E-02 
-0. 6C4G-02 
4 .7295-02  
-0,445E-02 
-9-296E-CZ 

-ne ~ 4 8 ~ - 0 2  

P 

7.50 
7.55 
7.bC 
7.b5 

7.75 
7.8C 
7 . 8 5  
7.00 
7.95 
8.00 

@.IC 
8.15 
8.20 
8.25 
P. 3c 
8.75 
8.4C 
8 .65  
P.=C 
R.55 
@.6C 
8.65 
8 - 7 0  
8 . 7 5  
8 . 8 C  
8.95 
8 . W  
8 . 9 5  
9.00 
9.05 
9.1c 
9.15 
5 .7P  
9.25 
9.3c 
0 . 3 5  
a.aC 
9.45 
Q.5C 
9.55 
9.6C 

7 . 7 ~  

a.c5 

w2° 

S*I(S) 
-3,447E-0 1 
-0.?03E 00 
-0.8! 7E-01 
- C . 3 4 5 E - C 1  
-C.126E 00 
-".132E 00 
-0.132F 00 
-@.969€-01 
-0. L R 9 E - 0 1  

C.563E-02 
7.51.2E-Ql 
3.aR1 E - 0 1  
9.147E Qfl 
0.1295 00 
7.146r PO 
O . l l 5 E  0'3 
0,1376-01 

-0 - 2 28 E - 3 1  

-0.l l2E 9 0  
-O.:OIE ec 
-0.11ZE 00 
-0.692E-01 
-7.46LE-0 1 

o . ~ ~ ~ E - c z  

-0. 7 7 3  e-01 

1.0074 
1.0045 
1 .eon9 
0.9951 
C.9Q05 
' ? . 9 P 5 2  
0.9515 
0.9R06 
0.9823 
C.9857 
Q. 9P93 
9.9917 
9.9974 
c1.9@'5 
0.989'3 

n.QPR1 
l?.99Ph 
'?."e96 
0.9903 
r.9907 
0.990R 
0.9012 
7.9022 
2.0061 
0.9964 
9.9094 
'l.9905 
3.99Q5 
C.9F38 
P.99Rl 
C . a O R 2  
C . 9 w 3  
1 .OG13 
1.9@?2 
1 .0045 
1 .GO44 
1.0C33 
1.0017 
1.0902 
0.9994 
v.9994 
n.9997 

r . 9 a 9 5  

25O C 

ERROR 

0 243E-0 1 
0 244E-0 1 

0.249E-01. 
0 250E-0 1 
0.253'-01 
13. 255E-01 
0.25RE-01 
0.262E-01 
0 266E-0 1 
C * 268E-C I 
C.272E-01 
0.276E-01 
C -217E-9 1 
0. W O E - C  1 

o.Za9E-c 1 
0.252E-0 1 
(3.256F-O 1 
O.259E-01 
0.264E-01 
0.269E-Ql 
0.273F-C I 
0.279E-0 1 

n .247~- t r  I 

o. 2 4 5 ~ 4  1 

0. z a 3 ~ - 0  i 

25'C 
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I N T E N S I T I F S  

S 

0. n -,. 100  
0.200 
3.30C 

c. 5cc 
n. 5 7 3  

9.71' 
9.823 
n.973 
!."37 
1.133 
1.233 
t.3:r 
1.3P7 
1.464 ' .5'.? 
l . h ! R  
1 .699 
1.77? 
1. p a 8  
1.925 
2.0cz 
2.078 
2.155 
2 . 2 3 1  
2.30S 
2.381. 
7.451 
2.537 
?.614 
2.A.c;O 
7.766 
7 . 8 4 2  
2 . S l @  
2 . 9 W  
=.97G 
7.!&6 
3.2'2 
3.20R 
1.37A 
3.575 
1.676 
?.917 
3.978 
/ r .  1 2 R  
(A.2'8 
4.427 
0 . 5 7 t  
/4.7:5 
4. R 7 4  

*.CiZ 
5.170 
5 .317 
C . / * h 4  

5.7E-I 
?.SO7 
6.317 
6.192 

c.4rn 

r . 6 3 3  

5 . 6 1 ~  

F f S l  

9.669E 0 2  

'1.654E 02  
C.652E C Z  
0.616F 0 2  
C.43RE e 2  
O.C26E 0 2  
'3.626E 02 
" . h 1 6 €  "2  
q1.6C3E 9 2  
C.599F 02 
9."5E 0 2  
" . c 6 A 5  0 2  
'.544E 02  
0 .=31F ?2 
0.518E 0 2  
7.51'4': 02 
0.491F 0 2  
c . 4 7 7 c  97 
1.46"E 0 2  
?.65(?F C7 
0.436E q? 
0.422F 0 2  
?.&'?E c 2  
0.3q5E 0 2  

".369F n 2  

0 . 6 5 9 ~  n 2  

3 . 3 ~ 7 ~  nz 

n . 3 5 4 ~  3 2  
0 . 3 4 3 ~  n2 
n . ? t l E  0 2  
O.319E C Z  
7.3q'E 3 2  
r).29CF " 2  
q.2R5F 0 2  
7.774E 9 2  
0.26"E 02 
7.254E C!? 
0.244E 1 2  
0.235E 02  
0.276E 02  
0.217E 0 2  

3.191E 2 2  
3.17RE 0 2  
".?64E "2 

n . l c 1 E  n2 

n . ? ? l E  q z  

C.113E 32 
? . ? 7 5 E  - 7  
P.975C G I  
?.911F ?1 
0.851E '1 
0.797E 91 
C.75CE C' 
0 . 7 0 5 r  01 

0.628C ?' 
n .595E 01 
0.566E 01 

0 . 2 ~ ~  0 2  

0 . 1 5 2 ~  nz 

n . : w F  02 

0 .665r  n i  

R 

4 .65  
6.70 
6.75 
4. sc 
b .  8 5  
6. $0 
b.05 

R G(R) 
7 - 1 5  1.0455 
7.20 1.9419 
7.25 1.0361 
7.30 1.0289 
7.35 1.0216 
7.4@ I.C!53 
7.45 1.0107 

I N  E L E C T R C N  

M ( S )  

n .  10CE-0 : 
0. :OOE-C: 
0.7 n 1E-0 1 
S.10lE-?l 
c. 1OZE-Ol 
n. I 9 4 F - 0 7  
0.104E-0 1 
'7. 194F-0: 
P.?nRE-PL 
5. 1 l p F - S  1 
7-11 3E-01 
0.11 6F-n 1 
C. ?2OE-P: 
r?. l Z r F - C ?  
P. 1 2  7 F - P I  

I 3 0 E - 0  1 
n.134E-CI  
~ . I ~ O E - O I  
Q.lL?"Cl 
r .147c-n  1 
'?.152€-01 
0.15 7E-01 
0. ' ~ ~ E - I Y  1 
0.149E-C 1 
C. t 7 5 F - 0 1  
0. 1ezE-n  1 
r?. I a 9 E - 0 1  

? 9 6 = - 0 ?  
5.2t4E-7 1 
c. 21 3E-0' 
0 2 7  2E -0 1 
C.231E-31 
C. 2 L  1 F - 0 1  

C.261€-"1 
0.273E-01 
0.2 E 4 E-" 1 
C .  797E-'3 1 
r . q l q F - 9 1  
!?.3?3E-"1 

33 8 F - r l l  
0.353E-01 
C.185E-nl 

C.458E-Cl 
9.1Q9E-rJ1 

0.59 1E-C 1 
C. 6rh ?E-r! 1 
1 .C.94€-@ I 
C. 7E-JF-nl 
0.814F-C 1 
0.P77F-01. 
0.9L6E-q 1 
n.102c 00  
C.'77E 
@.117E oc 
f'.125F 00 
C.133E " 0  

C.150p 0 0  

r . 2 5 1 ~ - 0 1  

3.42 nE-n I 

c. 5 ~ 3 5 - 9  1 

0 .141~  n o  

J ( S )  

0.651E C 1  
CI.651E C 1  
0.651E C1 
0.651E 0 1  
0.651E C 1  
0.651€ GI 
0.660E C 1  
C.71CE CL 
0.799E 01 
C.927E C 1  
0.1CqE 0 2  
C . 1 3 O E  c 2  
0.:54€ C2 
0.182F C Z  
C.1935 C 2  
0.227f  0 2  
Ca27CE 02 

C.3e6E 02 
0.451E C2 
0.5-'6F 02 
0.4ClE C2 
0.647E 02 
C.6C2E 02 
0.548F 02 
0.622E 02 
0.5aCE 0 2  
0.54ZE 02 
n.5C4E 02 

0 . 4 5 7 E  c 2  
0.435E 02  
C.k21€ c 2  
0.4C5E J7 
".?A2E c 7  
0.357E PZ 
0.32?F 0 2  
C.28DE c z  
0.246E C7 
0.213E 02 
'2.179E 62 
C.157E C Z  
".1?3E 0 7  

C.120E 02 
r .120E C Z  
C.177c C Z  
0.123E C2 
C.?23F 2 2  
n.!. lQE 0 2  
C.113E 0' 
0. !C5C C2 
P.960E 0 1  
0.877E Cl 
0.796F 9 1  
0.716E 0 1  
3 . 6 5 5 i  Cl 
0.599E 0 1  
0.558E C 1  
C.5?3€ 0 1  
C.5C5E 0 1  

p . 2 3 0 ~  0 2  

1-1.4765 cz 

n . 1 2 3 ~  02 

R 

9.65 
9.70 
9.75 
5.AC 
9.A5 
9.90 
9.95 

G(R) 
0.9949 
3.95?5 
0.9986 
0.9976 
1).9$69 
0.9969 
0.9973 

U N I T S  

E R R C R  I 

0.OCOE-01 
0.6COE-Cl 
F. 600E-C 1 
0.600E-Cl  
0 .6rOE-Cl  
0.6COE-01 
@.5SSE-C! 
0 . 5 C S E - C L  
0.5e9E-FJ 
0.579E-CI  
0.566E-C? 
0.551E-CL 
0.532E-C2 
0.51 1 E-C 1 
0.545E-Ol  
0.6 37E-0 1 
0.7CIE-Cl  
C.S l3E-01 
0.106E 00 
0.225E c0 
0.147E 00 

@.i77E cr, 
0.181E cc 
0.178E c9 
0.172E 0 3  
0.162E 00 
Q.153E 00 
0.14*E 60 

O.l?ZE c o  
C.12IE 00 
0.124E C O  
0.121E co  
0 .115E c 9  
C.lG9E 00 
0.997E-C1 
0.902E-01 
0 . 8 C O E - 0 1  
O.71ZE-01 
0. t 32 E - 0 1  
0.570E-C1 

0.11oE-C: 
0 .406E-01 
0.40 1 E-C 1 
0.399E-01 
3.3Q5E-01 
2.327E-CL 
9.375F-O! 
0 .357E-Cl  
r?.37?E-CI 
C.315E-01 
e.  2 W E - 0 ?  
'3.274E-CI 
0.254E-01 
0.237E-01 
0.222E-0: 
0.2 10 E-01 
0 .2OlE-91 
0 . 1 9 2 f - 0 1  

n . 1 6 4 ~  oc 

0 . 1 3 ~ ~  oa  

n. 4 4 6 ~ - 0 i  

-0.595E 0 0  
- C . 5 9 5 €  00 
-0.595E 00 
-0.555E (10 
-C.595E c 3  
-0.595E 9c 
- 0 . 5 9 4 E  CS, 
-O.*@FJE CO 
-C.57EE CC 
-0.563E 00 
-9.544E 0c 
-0.518E cr) 
-0.484E 00 
-2.448E O@ 
-0.42QE CC' 
-0.779E O@ 
-0.315E 0" 
-0.22ZE 00 
-C. l30E 00 
-3. 96OE-92 

C.131E CJ 

C.367E CO 
0.429E C O  
0.4436 00 
0.43RE 09 
C.398E 00 
O.ahhE 00 
C.329E CO 
C.309E 00 
C.296F CO 
0 .296f  00 
9.3CllE 
C.?(?OE co 
n.282E 00 
2.254E 0'3 
C.141E 00 

0.293F- 3 1  
-0.519E-0 i  
-0.130E Oq 
- 9 . I R l E  0 0  
-P.E29E CO 
-C.73PE on 
-5.202E co 
-0. S97F-01 
-0 - 4 1 3 E - 0 1  

0.465E-71 

c .6 3 9 F - C l  
C - 4 3 6  E- 3 I 
c .250 E- 01 

-0.121 E-CIZ 
-0 .370E-01 
-0.593E-91 
-0.819E-31 
-n . 9 30 G O  i 
-0. lC2E or, 
-0.P42E-01 

c . 2 6 0 ~  0 0  

O.!C~E cn 

- 0 . 1 5 8 ~  on 

~ . Q ~ R E - O Z  

r . 5 ~ 4 ~ -  0 1  

H2 O 

H2Q 
S*I(SI 

0.0 
-0.595 E-01 
-0.119E 00 
-0.?70€ oc 
-0.238E 00 
-7.297E OC 
-3.317E 00 
-0.373E OO 
-C.424E 00 
-0.470E 00 
-C.507€ 0c 
-?.5'5E oc 
-9.551E 90 
-3.552E C C  
-0.562E 00 
-0.526E 00 
-0.462E 00 
-9.342E 00 
-0.211E 00 
4 . 1  63E-01 

G.232E C 0  
0.480E c o  
" 7 0 6 E  00 
O.860E 3C 
q.921E 00 

O.RR9E 00 

3.705= oc  
9 . 7 h l E  00 
0.750F 00 
0.774E 00 
O . E I I O E  CO 
3 . 8 7 C E  CC 
7.8ClE 0 0  

0.573E c0 
9.324E 00 
0.92OE-01 

- 3 . l 6 7 E  0 0  
-@.429E. 00 
-C.613E 00 
-0 .097E C O  
-0 .R45E 00 
-@.774E C? 
-0.630E 00 
-0.412E 30 
-9 .177E 30 

0.415E-01 
'3.213E 01' 
0.277E C O  
?.711E co 
3.219E OC 

-?.645E-02 
-0 .?O'F  C O  
-C.373E (20 
-0.472E C0 
-0.549E 0 3  
-9.617E CO 
-0.522E on 

n . 9 4 3 ~  30 

2 . 8 4 4 ~  no 

0 . 7 4 0 ~  no 

n . 1 2 9 ~  oc 

250c 

50" C 

ERROR 

0.0 
0.60 1 E-04 
C.121E-63 
e. 1R3E-C 3 
0.246E-0 3 
0.311E-C 3 
C. 333E-0 3 
C .399F-O 3 
0.466 E-f i  3 
0.532E-03 
0.59PE-03 
0.6t 2E-C3 
0.723E-03 
C. 779E-03 
0 .90 tE-0  3 
0.115E-02 
0.148E-02 
0.195E-02 
0.245E-0 2 
0.313E-CZ 
c. 395E-02 
0.477E-0 2 
0.554E-02 
0.614E-Gi 
0. 650E-'32 
0.676E-02 
C.684E-0 2 
9.695E-02 
0.703 E-C 7 
0.722E-O2 
0.743E-0 2 
C.372E-02 
0.806E-02 
0.8 36E-0 2 
0.854E-02 
0.865E-02 
G.849E-01 
0.822E-0 2 
0.78QE-07 
0.742E-C2 
0.704E-0' 
0.67YE-02 
0.605E-0 2 
0.646 E- 0 2 
C.712E-32 
0.7Y4E-02 
0.894E-02 
C.998E-C2 

0.119E-0 1 
C. 127E-c 1 
0.134E-C 1 
0 . 1 3 Q E - G  1 
0. I44E-0 1 
0.145E-01 
0.151E-01 
0.155E-01 
0.15TE-01 
0.164E-0 1 
2.171 E-G 1 
0. ? 7 8 E - 0 1  

0. i i n c - o  1 



I0-3S€2 0 
10-3 ItZ'ir 
10-3822 '3 
10-3522'0 
i 3-3 1zz '0 
io-3812'0 
10-3912 '3 
10-31 12 '0 
1 3-3602 '0 

0-3902 '0 

10-5102*0 
i 0-3861. '0 
I5-3+61'0 
t 3-3E5T '3 
10-3161 0 
fO-36YI'O 
i0-3L81m 3 
10-3581 '0 
10-3€87'0 
1 3-3281 '0 

iO-38LT '0 
IO-3lLT '0 
ID-35LI '0 
20-3SLI '3 
10-3+rf 1'0 
I S-3fLI '2 
;0-3ELl'ir 
10-32L1 0 
IO-xZLK'0 
10-31LI'O 
I G-301t 0 
10-3011'0 
IO-369T.O 
1.3-3691 '0 
IO-3L91'0 
I O-399I'C 
TO-3591 '0 
10-3691 '3 
10-3E9T '0 
; Q-jZ5I'Cl 

1 0-36LI '0 
Ii)-3081'0 
'I 0-31.81 = 0 
13-3181'0 
i 0-3781 '0 
10-3YElI'O 
I0-3L385'0 
13-3O61'0 
TO-3261'0 
10-4261 '0 

10-3261 .U 
10-3 i61'0 
T9-306i'O 
Z O-a66i '0 
10-3982 '0 
10-3561 '9 
10-378Z"i) 
'I 0-3281'0 
i 0-3 I81 '0 
iO-sI81'0 
i 0-3Gai '3 
10-36LZ'U 
1 0-3f3LI '0 
13-3Si'r '0 
IO-3EL 1'0 
'lC-3b97 "0 
T 0-3f9i "0 

10-36'17 '0 
10-32'rl'O 
10-3931'0 

1108113 

3 OK 

T 0-2 E 02 * 0 

io-doaI -0 

I 0-3 19i '3 

i 3-3 16I '3 

I o-3esi *o 

10-3167'0- 
10-3 166 '0- 
Do 3821"O- 
00 39rrI.O- 
30 5291'0- 
00 3011'5- 
10-38fS'C- 
ZG-331L'O 
10-3L 98' L: 
00 369T'O 
CO 3ZZI.C 
do 3IE1.0 
00 ALTI'G 
10-3€29*0 
13-364 Z '0 
TC-366 I '0- 
13-3E6Z'C- 
TO-3958'0- 
'15-3 156 'C- 
10-3 696'0- 
L0-3G 6 '0- 
00 3ZZf"b- 

GC, 3s31-0- 
00 3TEI'C- 
10-36tR"O- 
fCl-36BZ 'a- 
LO-3563'0 
1'3-321 2'0 
10-3Zb*'O 
00 3LII.O 
1;-3908 e 3 
10-3SZC 'b 
10-3626*0 

10-3806'0 
20-3% 6'0 
13-3 CZZ 'C- 
73-3045'0- 
7U-3068'0- 
30 S921'0- 
00 3961'0- 

00 3SEZ'O- 
0G 3tCZ'Q- 
OG 30fZ'C- 
00 3L8Z'G- 
10-3855'0- 
2;-3901'0 
U0 3801'C 
GV 327L"L 
00 3ELZ'O 
00 3'1TE'G 
36 3%€2'0 
00 3952'0 
Ob 37LI'O 
13-3E9Y.J 
I0-3t3b 0- 
GO JOLI'S- 
3u 3622'0- 
00 311iZ-0- 
00 3692'0- 
00 3NcZ'U- 
10-3268'0- 
12-36Zi'G 
00 3861'0 
00 5Y'IE'O 
00 347U'I'O 
00 32t4'0 
OD 36L7.0 
DO 3SL'r.U 
00 3SEE"O 
IO-3L18'0 
ou 3E11'O- 
Ob 301C'O- 

a0 jsii-ct- 

~3-392 a eo 

33 ~OZL-O- 

(S)I*S 

20-3 BO€ '0- 
Z G -3 92 9 * 0- 
Z0-3118*0- 
20-3LE 6 '0- 
10-3 SO 1 * 0- 
20-3 12 L '0- 
20-3E9E '0- 
EO-39L 9.0 
ZC-3885 '3 
10-3 Z't 1'0 
23 -30Ga * C 
20-31it6'0 
20-39; 8'0 
ZO-3QDE '0 
20-388 1'0 
20-3%31'3- 
20-3111 'C- 
20 -3 IC 9 0- 
IO-3E11'O- 
20 -4 ZE L "3- 
20-3ZI L' 0- 
24-3 tE6'0- 
20-3 165 " 0- 
20-3 6x8' 0- 
IG-3E3 1. G- 
20 +E19 *0- 
ZO-3 IiZ'S- 
ilG -3 309 ' 0 
20-3kL I 3 
ZC-3SGII'O 
ZO-38?b'0 
20-3SL9'5 
ZO-37'r9'0 
20 -368 L '2 
i0-32lL'G 
2 0-336 L 0 
LO-;Lti'l'O 
20 -3 56 't * 0- 
L0 -3 ?n5 '1' 0- 
Le -3 603' 0- 
xu-3911.3- 
id-> 28 T. * 0- 
TO -3932' 0- 
10-3'122'0- 
10-3sE2'3- 
10-3LOZ'O- 
10-3113 i 0- 
Z3-3LSS'J- 
L3-JLOI'O 
To-3 ilI'0 
10-3152'0 
10-38BZ '0 
t 0 -3% E' 0 
i0-3;St00 
io-3IbZ '0 
10-3%1'0 
Z0-3OS1 3 
iS-3CZ 6 G- 
10-3 YbI o O- 
10-3 952 ' D- 
10-3r70E'O- 
TO -3 6% E 0- 
i G-3L5Z s 0- 
1'3-3Eit-C- 
ZG-3991'0 
TO-3 092 0 
10-3 92 '1 '0 
IO -3 IS 4 *U 
I L -3951 5 
io-3 819 *O 
13-3f.95'0 
TU-356C'O 
;0-3ZEI'O 
IO-3CLT'O- 
Z 0-3199 0- 

(S)I 

ZO-3'132'0 IO 39i1.0 
20-3102'0 IO 3561'0 
20-3f32'0 10 3L61.0 
20-3902'0 10 36E1.D 
20-3klUZ'O TO 3ICI'u 
Z3-3L)IZ'O 10 3971'0 
20-3EIZ'O I0 3L71.3 

ZG-3~22'0 I3 3ESI.O 
20-36ZZ'O 13 3L51-0 
20-3922'0 12 365I'G 
20-31€2'3 TO 3291'0 
ZO-34fZ'O IO 3S9i.U 
Z3-38EZ'O it? 3L91.0 
20-30*12'0 10 363i'G 
20-3ZtZ'O TO 30LT'O 
20-3f72'0 13 32L';-0 
20-39t2'0 10 3€~1'2 
23-3872'3 ID 36LT.0 
23-3152'~ 13 3'3t.1'0 
L0-3€52'3 1D 38LI'G 
ZJ-rlSSL'3 i0 308i'O 

10-4232'0 10 3'18i'G 
20-3'192'3 SD 3581.3 
20-3692'0 73 3885'0 
23-3ELZ.O IO 3051'0 
23-3LLZ"O 15 3CbK'C) 
20-3282'~ IO 3561.2 
23-3982'3 10 3801'0 

LU-3962'6 IO 3232°C 
23-313E.G 10 3'rUZ'G 
20-3LO.E'O SG 3122'6 
23-3E16.0 IO 30G2'0 
ZS-36iE'G 73 32iZ'u 
ZO-3EZE'G 10 3€.TZ'u 
ZO-362E.O TO jLTL'3 
23-35EE'G TO 31KZ'C 
23-319i'O IO 36IZ'S 
23-36+€'3 TO 3ZLZ'D 
20-394E'O TO 3Z1Z.C 
20-3f9E'G 70 3+iZ'G 
2U-391f'D id 1LZZ.O 
20-36Z(r"U 10 30EL'G 
ZC-3997'0 io 3CEZ.0 
20-3297.3 50 38t;L.O 
IO-3x811'0 10 3572'0 
2C-303S'U" 13 3152'0 
20-3225'0 20 36kZ'O 
20-3965'0 10 3992'0 
20-3995'0 ID 3CLc.O 
20-3064'0 13 3812'5 
ZG-4653'0 TG 3182'0 
20-3'rL9'0 23 388L"O 
ZO-3529'3 TD 3162'0 

23-3869'0 XG 3SbZ'G 
ZG-3EZL'O IO 3862'0 
Zir-3GSL'O iJ 3Siif'O 
Z0-308L'O IO 332E'G 
20-32'18'0 10 38'iE.O 
LO-36'18.0 LO 38ZE'O 
iG-316B'G 10 3L7f'O 
ZO-JZEb'O 73 309E'U 

20-3€01'0 20 3EO'l.U 
T0-38OT'O Is1 3EZ7.0 
70-3611'0 TO &+?+*i.l 
TO-3LI1'0 10 3E9f.0 
io-3221'0 TO 3EB'r'O 
TO-3921'9 IO 3EbC.G 
ID-3821'0 TO ib66.0 
IO-3ZET'O IO 31DS'G 
IO-3S8f"O ID 3469.b 

ZO-~~TZ*O 13 jas1.0 

za-3~z-o i~ 32a1-0 

23-jzoz*o i3 9r3z.3 

z0-3~~3'3 ID 3762-0 

20-~a6~0 10 ~8t.o 

UOt1113 (s)r 
0% 

1s 
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R A D I A L  DISTRIBUTION FUNCTIONS T O  10 A 

R 

e. 0 
c . c5  
C.lP 
A .  1 5  
0.2c 
p . 2 5  
0. 3 n  
c. 3 c  
n . w  
3.45 
n.50 
0 .55  
0.60 
7 . 5 5  

n.7= 

n.05 
" 9 C  
n.95 

1 , n c  
:.IC 
1.15 
1 . 'C 
1 . 2 5  
1.30 
i . 1 5  
1.4" 
1.45 
1.50 
? . 5 5  
1.40 
1.45 
1 . 7 0  
1.75 

I.*C 
1.90 
!.9C 

2.05 
2. I" 
2.15 
2. 2c 
2.25 
2.3G 
2.15 

2.45 

n.70 

n. 80  

1 .on 

1 . a n  

-.or 

2.4n 

G f R )  

C.0 
- 1 . 5 0 9 5  
-1.1236 
-0 .5044  

0.0971 
0 .5465  
9 .7797  
3.8319 

P.755P 
9 . 7 0 9 1  
0.9 Y O  
1.1379 
1.3hlF 
1.5711 
1.7547 
1.9195 
2.0720 
2.1cA7 
2.2544 
2.2255 
2.1\515 
1.7608 
1.?c49 
I .0314 
0 .7394  
p.5545 
0.4668 
9.4317 
n .3959  

0 .2220  
(r.1173 
0.0502 
3.0440 
CI.')B?C 
0.1"78 
0 . 1 7 4 c  
r!. 1 4 7 5  
0.C699 

-0.0193 
-7 .0737  
--.*55fJ 
-3 .001 2 

? .e761  
3 .1129  
0.0747 

- C . O ? 0 3  
-0 .1469  
-3.1934 

9.79n2 

n.3255 

I N T E N S I ~ I E S  

S F ( S 1  

0.0 0.66CE 02  
0.100 C.659F 0 2  
".20C O.65hE 3 2  
".31?0 r ) .652E 7 2  
C.4Prl 3.646E ? 7  
0.5C'J C).67@E C2 
" - 5 3 3  0.63hF 92  
0.673 0.676E n2 
0.733 0 .616E 02 
0.R37 0.69TE 0 2  
'3.937 3.5A9F 02 

R 

2 . 5 3  
2.55 
2 .60  
2.65 
2.70 
1.75 
I .  sn 
2.85 
7 .90  

2.95 

3.?5 
3.10 
7.15 
3 . 2 0  
3.25 
3.39 
3.35 
3.40 
3.45 
= . 5 0  
7 .55  
3.60 
3.65 
3.7n 
-3.75 
3 .  Ad 
3 .85  
3. sc1 
3 . 9 c  
&.GO 
4 .  E15 
4 .  l C  
4 . 1 5  
4.  t@ 
4.25 
4.30 
4 . 3 2  
4 .49  + . 1.5 
4 . 5 r  
n .55  
4 . 6 2  
&.e5 
4 .  l'? 
6 . 7 5  
6 .  R? 
4.85 
4 . 9 0  
4.95 

3 . m  

G f P )  

-0.0961 
7 .1764  
0.5964 
1.0853 
1.5420 
1.8795 
7.0529 
2.0681 
1.9696 

1.6547 
i .  51n2 
1.3P38 
1 .2663  
1.1526 
1.0492 
0.9718 
0.9161 
0 .9463  
0.9908 
1.0458 
1.0859 
1.0051 !. 0 7 3 3  

0.99'3 
0 . 9 7 7 4  
0.9781 
0- 9928  
1.ncEI0 
1.0137 
1.0071 
0 ,9941  
0 .9@41 

0.9964 
1.0144 
L.0303 
1 .0381  
1.0377 
1.9341 
1.9346 
1 .0439  
1.9610 
1.0797 
I .  O S 1  5 
1 .090c  
1.0741 
1. C4R3 
1.0205 

i . e i 5 8  

1.n342 

0.9e45 

I N  E L  

W ( S )  

3.1OCE-01 
0. ?00"0? 
C.1CIE-01 
c. ! 0 1 E-" 1 
0 . 1 9 Z E - C  1 
C. 1C4E-01 
q. 104E-" 1 
C .  106E-0 I 
c. 1" 8E-01 
P . 1 1 3 E - 0 1  
0.11 3E-01 

R 

5.00 
5.05 
5.10 
5.15 
5.20 
5.25 
5.30 
5.35 
5.40 
5.45 
5.50 
5.55 
5.6C 
5.65 
5.70 
5.75 
5. A0 
5. e5 
5 .  s o  
5.95 
6.00 
6.05 
6.10 
6.  ? 5  
6.20 
6.25 
6.30 
6.35 
6.4C 
6.45 
6.50 
6.55 
6.60 
6.65 
6.70 
6.15 
6.8C 
6.85 
6.90 
6.95 
7.00 
7.05 
7.10 
7.15 
7.20 
7.25 
7 . 3 0  
7.35 
7.40 
7.45 

E C T R O N  

J ( S )  

3.714E 0 1  
0.714E 01 
0.714E C 1  
F.714E 01 
0.714E Cl 
0.714E 01 
C.720E C 1  
0.756E C 1  
0.618E 01 
C.9C7E c 1  
C . 1 C Z E  0 2  

G ( R )  

0.9975 

O.Sl48 
0.9698 
0.9635 
0 . q 5 4 1  
0 .9428  

0 .9260  
0.9245 
0 .9267  

0 .9318  
0.9321 
0.9317 
0.9327 

0.9424 
0.9492 
0.9547 
0 .9575  
0.9580 
0 . 9 5 8 0  
0.9547 
0. 9 6 4 @  
0.9731 
0 .9034  
0.9938 
1.0C27 
1 .0101  
1.C168 
1.0239 
1.6321 
1. C4 lO 
1.C491 
1.0550 
1.0574 
1 .0564  
1.0530 
1 .0487  
1.0447 
1.0417 
1.0395 
1.0376 
1.C354 
I. 0 3 2 5  
1. C 2 8 R  
1.0244 
1.0194 
1.0141 

c. 9 e 2 h  

0.9324 

0 .929n  

n. 9363  

U N I T  

E R R O R  

0.70CE-01 
0.70@E-01 
0.700E-01 
C .  7 C O E - 0 1  
? .7CFE-31 
C.700E-01 
0.6SeE-01 
0.6E7E-01 
0.667E-01 
3.638E-F1 
0 .6C lE-01  

R 

7.5c 
7.55 
7.60 
7.65 
7.70 
7.75 
1.80 
7.85 
7.9n 
7.95 
8.00 
8.05 
8.10 
8.15 
8.2C 
8.25 
8.30 
8.35 
8.4@ 
8.45 
8.50 
8.55 
8.60 
8.65 
8.70 
e.75 
8.P0 
e.05 
8.90 
8.95 
9.oc 
9.05 
9.10 
9.15 
9.20 
9.25 
9.3c 
9.35 
9.4@ 
9.45 
9.5c 
9.55 
9 - 6 0  
4.65 
9.70 
s.75 
9.80 
9.85 
9.90 
9.95 

H20 

G ( R 1  

1 .O089 
1.0043 
1 .OOC?3 
0.9958 
n.gr9e0 
0 .9977  
0.9967 
'3.9942 
0.9897 
0 .9860  
9 .9784  
0.9745 
0 .9735  
0.9753 
0.9788 
0.9824 
0 .98h9  
0 .9857  
0 .9856  
0.9857 
0.9871 
0.99G4 
0.9947 
3.Q989 
1.0016 
1.002 1 
1.0008 
0.9987 
3 .9970  
0.996P 
0.9980 
1 .occ1 
1.002: 
1.0C35 
1 . 0 0 ~ 1  
1 .C@41 
1.0041) 
:.OD38 
1.0036 
1 .0029  
1.0014 
0 .9992  
0 .9969  
9 .9955  
0.9956 
0.9973 
1.0003 
1 .@"4 
1.0057 
I .OC64 

S 

I ( S )  

-C.589E oe 
-0.589E FO 
-0.569E 00 
-C.5@8E @O 
-0.588E 00 
-C.588E 00 
-0,587E 00 
-0.583E 00  
-0.576E 0C. 
-0.566E 00 
-0.551E 39 

H2° 
s *1  ( S 1  

0.0 
-0.589E-01 
-0.118E 00 
-0.177E OC 
-0.235E 30 
-0.294E CO 
-0.313E 00  
-0.369E C O  
-C.423E OG 
-0.471E CO 
-0.515E 00 

50' C 

7 5 O  c 
ERROR 

0.0 
0.702 E-0 C 
0.141 E - 0  3 
0.213E-03 
O.287E-03 
0.363E-03 
0.388E-C3 
O.451E-03 
0.528E-03 
C.587E-03 
0.634E-0 3 



S 

1.033 
I . 1 3 3  
I. 233 
!.31n 
1.337 
1.464 
1.51.1 
Z.hlR 
1.6-5 
L. 771 
I . R b R  
1.02= 
2.002 
?."78 
7.155 
2.231 
7.3f  e 
Z.384 
2.661 
2.537 
7 . 6 ! 4  
7 .  h90 
2.766 
2.842 
7 .974  
2.944 
2.070 
3 .  ?&5 
3.727 
7.2Q8 
3.374 
3-1-50 
2.525 
2.676 
2.927 
3.97R 
h .  1 Z R  
4.77Q 
4.427 
4.576 
4.7?5 
4. A74 
5.022 
4.170 
5 . 3 1 7  
5.1.64 
5*6?f' 
5.7c7 
5 .on2 
6 . 9 4 7  
6 . 1 9 2  
6.377 
&.ARC. 
6.624 
i..?hb 
4.9QQ 
7.05f 
7.192 
7.332 
7.477 

7.751 
7. R 9 9  
9 .?77  
9.164 

8.427 
P.572 
P. 7e7 
R . B ' . l  
P.974 

Q.23Q 
n.377 
9 . 4 C t  
9.630 

7.612 

R.3r-i 

c.ir7 

JW 
0.117E 02  
C.l?3E 02 
0.153E C2 

0.195E 92 
O.229E 02 
C.273E c 2  
0.32GF C2 
0.381E 0 2  
7.44hE c2  
0.5C7E 02 

0.567E 0 2  

r1.165F 02 

n.555~ cz 
Q.564E 0 2  
C.550E C2 
0.539F 02 
0.5C13C 02 
C1.46hE 02 
0.469E C2 
0.423E C2 
9.4C7E 02 
0 . 3 Q l E  0 2  
0.768E 02  
C . 3 4 A E  C Z  
0 . 3 1 9 E  G2 
ri.29ZE 92  
0.254E C2 
0.224f C Z  
']..?On€ 02 
0.17bE C Z  
C.LC1E 0 2  
7.145E 02 
F.141E 02 
? . l ? l E  c2  
9.121F c 2  
(?-i26E 07 
b.l25E 02 
0.124E 02  
O.121E 02 
0.117E C2 
0 - l l l E  02 
O.?!33E 0 2  
C.9WE c1 
C.fl47E 01 

O.713E 0 1  
' l.655E C 1  
C.607E 01 
C.57Cf C 1  
'3.546E C1 
C.530E c1 

".5"€ e1 
C.4C6E !!1 
G.491E C l  
0.477E 01  
C . 6 6 - Y  01 
C.440E C l  
0.420E 01 
C.399E 01 
0.377E 01 
0 . 3 t l E  C 1  
C.345E c1 
Q . 3 ? 1 E  01 
0.322E c 1  
O . 3 1 l E  01 
0.3C5E 01 
0.3CIE c1 
0-297E O? 
4.296E C 1  
C.209E C 1  
0.2A6E 01 
?.2R2E 01 
O.276E C'L 
0.271E C 1  
"265E 01 

n . 7 8 9 ~  01 

o . 5 1 ~  a i  

53 

ERROR 

D . 5 5 5 E - C l  
0.50'2E-91 
0.437E-01 
0.4 7 1 F- C 1 
0 .554E-01  
0.645E-0: 
0.764E-Cl 
e.8fleE-01 
0 .1C5E C O  
0.122E 0 0  
C-138E O C  
0.151E CG 
0.154E GO 
0.153E C @  
G.15CE CO 
C.147E 00 
P.?3RE 00 
O . 1 Z P E  oc 
C.1ZL.E oc 
0.117E 00 
0 . 1 1 3 E  CC 
O . 1 C Q F  CC 
C . ? C 3 E  co 
e. 9R3E-0  1 
0. 9C6E-Cl 
0.836F-O? 
0.762E-01 
3.659F-Cl 
0.6C 1 E-0 1 
@.5?7E-C? 
C. 493E-CI 
0.455E-01 
0.3RbE-C: 
Ca363E-01 
0.356E-CI 
C. 352E-C;I 
0.3&7E-0? 
0.345E-Cl 
0.336E-01 
?.327E-C1 
9.313E-C1 
0 .793E-Cl  
0.273E-Cl 
0.  ZsbE-Cl 
0.237E-01 
r1. 2 1 Q E - C  1 
0.205E-CI 
0.193E-G1 
O.?E7E-01 
0.17C.E-CI 
0.170F-Ol 
C. 166F-01 
0.16ZE-01 
9.157E-CI 
0.154E-01 
0 . 1 4 0 E - C I  
0.163E-01 
0.137F-C 1 
0. EZ6E-02 
0 786E-02 
0.745E-02 

0.677E-02 
0. W S E - 0 2  
C. 622F-C7 
0.59Rf-C2 
0- 5R3E-02 
0.565E-02 
0.550F-CZ 
0.539E-C2 
0.524E-02 
0.513E-Ct 
0.500€-02 
0.486E-CZ 
0-473E-02 
0 44  C E- 0 2 

0 .710~-02  

[(SI 
-0.533E C C  
-0.511E C O  
-0 .4A3E c0 
-0.465E 0c 
-0.421E W? 
-0.370E C 3  
-0,301E CO 
-0.224E 00 
-9.i72E CC 
-C h48E-02 

C.112E FC 
C.216E CC 
0.269E OC 
0.297E 00 
C.SC15E 00 
0.322E OC 
0.2e9E GO 
C . ? S F €  09 

C.232E @C, 
C.231E 05  
C.229E O n  
G.2fl9E 00 
0.192E 00 
0.?50E OG 
O.ln7E 00 
0.79StE-01 

-C.353E-O1 
-0.8?4E-O? 
-0.138E 00 
-C.?68E on 
-O.Z%F 00 
-C!.199E 00 
-D.?S7E 00 

-5 .127f  CO 

-0 365 E-01 
-0.4OCE-OI 

0.?8?E-O1 
0.476E-01 
0 -407E-02 
ri.759E-72 
0.157E-01 

-0.853E-02 
4.4'14E- 0 1 
-0.589E-01 
-0.123F-01 
-C. 777E-0 1 
-C. 7COE-01  
-0.5 !DE-01 
-0.2 9L-E- 0 I 
-0 589E-92 

0 ~ 1 4 5 E - 0 1  
0 I 4 5 9  E- 0 1. 
0.5 75 E-01 
0.016E-01 
0.5 76 E- 01 

e . 2 5 2 ~  on 

- 0 . 1 7 0 ~  GO 

-n. ~ 6 9 c - 0  1 

C!. 4 75E-01 
0 3 28E-01 
0.135F-01 
0.3C9E-02 

-C. F73E-02 
-? -2  74E-C 1 
-0.215 F-01 
-0.270E-01 
-0 -2C9E-01 
-0.11 1 E-01  
-C .Z W F-02 

0.14RE-01 
2 2 35 E - 01 
0 .? 75 E-01 
0.ZblE-01 
3.238F-01 
0.203E-01 

0. a 79 E- 02 

H2 
S*I(S) 

-0.551E 00 
-9.579E 00 
-0.596E 00 
-0.hC99E OC! 
-0.584E C O  
-3.542E 00 
-0.463€ 00 
- 0 . 3 6 2 E  DG 
-0.207E 00 
-n.? 15F-01 

0.207E 00 
L7.41SE 3C 
0.539E 00 
0.617E OC! 
0.658E GO 
0.719E 00 
3 . 6 h 8 f  00 

0.61oE 00 
0.589E OC 
O.655E 00 
O . h l 5 E  00 
0.575E OC 
O.54bE 50  
C.439E 09 
0.322E 00 
0 9 I Q E - 0  I 

-0*113E 00 

n . 5 9 7 ~  00 

-0.269E 00 
-0.454E CC 

-0.719F 00 

-0 .724E 00 
-0.649E 00 
-C.507E G O  
-0.359E 00 
-C.156E OC 
-0.L77E-C?1 

0.231E 00 
'I.225E 00 
0.193E C O  

0.9 11 E-01 
-3.427E-0: 
-0.721E 00 
-3.330E C n  
-0.616E OI) 
-7.4586 30  
-0.4 23f Or) 
-0.316E 00 
-9.186E O r  

r).962E-01 
3.311E 'Jo 
0.1F7E O C  
3.434E 00 
O.ol4E C3 
0.349E 0 0  
0.245E 00 
9 3 . l D 3 E  00 
9.239E-01 

-0.76AE-OI 
-'?.179E 00 
-0.175E Orl 
-3.224E 00 
-0.176E 00 
-0,952 E-91 
-c. ?60E-O1 
0.8h5E-01 
0.133E 00 
0 . 2 1 4 E  09 
0.254E 00 
3.245E 00 
0.226E Cr? 
O . l Q 5 E  G O  

-n*568E 00 

- 0 . 7 m ~  00 

0 . 1 3 0 ~  ne 

- C . ~ ~ I E - S I  

75°C 

ERROR 
0.667E-0 3 

0.666E-03 
C.783E-03 
0.100~-02 
0. '127E-02 
C. 163E-02 
0 . m5c-0 2 
0.261 E-02 
0.328E-92 
0 a 401 E-02 
'?e 472E-02 
0.522 E-C 2 
01559E-02 

0.620E-C2 

C.t25E-C2 
O.tSGE-02 
? -66 1E-0 2 
0.684E-02 
0.7CbE-52 

0.679E-0 3 

c. 5 ~ 7 ~ 4 2  

C.625E-02 

9.715E-02 
0 72RE-02 
6.721F-02 
r! 7lZE-02 
c .6 77E-0 2 
0.641E-02 
0 a 626E-0 2 
0 . 5 9 8 E - C Z  
C.587E-02 

0.523E-02 
3.560E-02 
0.621E-02 
0.698E-02 
C .7 7P E-0 2 
0.072E-0 2 
C.954E-02 
0.104E-0 1 
0.11 1 f-0 I 
0 Il6E-O 1 
C .  12OE-0 1 
0.125E-0 1 
O.12RE-01 
0.13OE-01 
0.134E-01 
0.13EE-01 
0.143E-01 
0.15OE-Ol 

O . ~ T ~ E - O ~  

0 .  ~ ~ B F - O I  
0.166E-01 
c. 175E-OL 
C. 1R3E-0 1 
0.193E-01 
e. 199E-0: 
0.205E-01 
0.209E-0 1 
0.134F-0? 
0.136E-0 1 
0.136E-01 
0,137E-0 1 

0.1 3 8 €4 1 
0.140E-01 
0.141E-C 1 
C. 143E-01 
C 145E-O 1 

D. 1 3 a ~ - o  I 

r .  0.15l.E-01 1 4 8 ~ - r ) i  

0.151E-01 
C. 155E-0 1 
0 l57E-0 1 
0.158€-01 

9.160E-01 
0.159E-01 



5 

9.7- 
Q.8F7 

l P . Q l 5  
' ? . I 4 2  
i r . 2 6 ~  
1r .302  
1".517 
'.".641 
!'.764 
10.8S6 

11.127 
i 1 . 2 4 7  
11.366 
11.4P3 

11.716 
" - 8 3 1  
IL.9l.6 
' 2 .n50  
12.171 
'7.2R3 
'2.3Py 

12.611 
1?.719 
:2.826 
' 2.Q32 
13.036 
' 3 . 1  ec 
13.243 
13.315 
??.445 ' 3.545 
1 3.64.6 
'7.741 

13.933 
1 4.c 28 
' 4 . 1 2 1  
?'..214 
14.1@5 
' 4 .572  
:4.-74r. 

l 4 . 9 1 3  
15. Q7fi 
' 5.235 
' ' . 3 Q 9  
?5.539 
1 5 . b V  
' 5 . 8 7 b  
7 5 . 9 ~ 0  

i!.nn7 

* i . f i c n  

:7.=w 

: ~ ' . 8 3 e  

J(S) 
0.258E c 1  
n . 2 5 1 ~  01 
C.Z45E 01 
0.240E 01 
C.234i  F 1  
0.232E 0 1  
0.278E @l 
0.225E 01 
C.223F O? 
0.221E 0 1  
0.220E 01 
O . l l 8 E  0 1  
C.216E 01  
0.213E C1 
0.212E 0 1  
0.2CSIE c1  
0.2C6E 0 1  

0.2C2E c 1  
0.200E 01 
C.197F 01 
n.la4E 01 
0.192E 01 
C * 9 ? 0 E  0 1  
O.le8E c 1  
0.1R6E 01  
9.?84E 5'1 
0.182E Ci 

9.179E 0 1  
0.177E C l  
C.175E 01  
0.174E C1 
0.172E C 1  

O . I C 9 E  c1  
n . l t 7 E  C l  
O.lh6E 0 1  
@ . : t b c  CL 
?.!63E 01 
0.161E C I  
0.158E c1 
0.156E C 1  
".?C3E c 1  
0.15GE C 1  

C.'45E e 1  
3.142F C 1  
0 .13QF c1  
@.1?7E a 1  
0.136E c 1  
C.174E c1 

( 1 . 2 ~ 5 ~  01 

9 . i m  a i  

c.1 ~ C E  a i  

n . 1 4 8 ~  ci 

R A C I A L  CISTRIBUTION FUNCTICNS T O  10 A 

R 

0.0 
C.05 
9.!C 
0.15 
9 .2"  
n . 2 9  

c . 3 =  
0.43 
0.45 
2.5"  
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C.LR1F C: 

O./tE2E 0 1  
0 . 4 ? 5 E  0 1  
O.'r15E C I  
0.3QbE c 1  
0.37QC C1 
C.744E 0 1  
0.34PE c 1  
0.3'7E C 1  

0 . 4 6 2 ~  n i  

n . ? i h E  c i  
0 . 3 i e ~  CI 
0.3CCF c 1  
O.3C3E c 1  
C.207t  0 1  
0.2O2E 01 
O . Z e 8 E  01 
C.ZP3F C l  
C.27"F 0 1  
0.273E 01 
0 .2 fRF 01 
n . 7 t 4 ~  c i  
n.15qF c i  
0.251E C 1  
C.2465 C 1  
0 .241F c 1  

0.233E 01  
0.2?OE 0 1  
O.7755 0 1  
0.27L-E 01 
0.772E C Z  
0.219E C l  
0.217E 0 1  
0.21CE 01 
0.213E 01  
O . ? ? @ E  0 1  
C.ZC9F 01 
C.2C6E 0 1  
O.2C5E C 1  
0 .202F 01 
0.19"i c 1  
0.19@E 0 1  
O.lC5F 01 
0.19?E C ?  
O . l ' . l E  c 1  

0 . 2 3 7 ~  01 

56 

ERROR 

0. f335E-Cl  
0 .751E-Cl  
0. C B l E - C l  

o . p s c c - c i  

n. c 2 1 f - c ~  
0.571 E-01 
0.5'QE-01 
O.505E-C:  
0 . 4 l h F - 0 1  
0. 797E-C? 
0 .3PbF-Cl  
0. " e 7 E - C l  
P .  3PPF-C! 
0 .385E-C? 
0 .3795-C1 
O . ? C B F - 0 1  
0. ? K I F - C 1  
3. '?5E-C1 
0.31 7E-C1 
C. ?COE-C: 
C.282E-C1 
0 . 2 6 5 E - 0 1  
0 .255E-C1 
0 . 2 6 ? E - C 1  
0 . 2 3 4 E - C I  
0 . Z 3 1 E - C l  
0.  2 2 4 E - C I  
0.221E-C1 

0.2 C ?  F - c 1  
0. I C 7 E - C l  
O - I Q a F - C !  
0.1 F 3 c - c  1 
0.17CE-C! 
(3.1 C'IE-Cl 
0.1CZE-C'I 
0 . 0 1 7  F- C2 
C . S 3 3 € - 0 2  
0. PPhE-C7 
0.  Q 4 @ E - C 2  
O.P15E-C7 
0.7f lhF-C? 
0-,7q7E-C7 
0,731 E-07 
c. 7CSE-C2 
0.687F-CZ 
0.  C 67E-C? 
@.615E-C7 
0 .625E-C2 
O . C C 1 E - C Z  
0 .57ac-C2 
0 .  E 6 2 F - 0 2  
0.54qE-CZ 
0.523E-CZ 
0. KC7F-C7 
C).LC1 E-02 
0.  477F-C2 
0 . 4 t l E - 0 2  
@.45C€-C2 

n. 2 1 1  E - 0 1  

O . ~ : ~ E - C ?  
0 . 4 3 0 ~ - 0 ?  
0 . 6 2 1  E-02 
0.413E-C? 
0.4C5E-C2 
n. 3 9 7 ~ 0 2  
0 . 7 9 0 ~ - ~ 2  
0.3 Q 3  E- C2 
0.37EE-C2 
0.370E-C2 
0 .365E-02 
0 -  ?58E-C2 
0.?52E-C2 
3 .347E-02 
0 . 2 4 1  E-C? 
0.3'6E-C2 
O . ' ~ I E - C Z  

16) 
C.124E C O  
c.9 1 0 E - 0 1  
0.246E- 01  

-0 .305E-01 
- C  .7 7QF- 0 1 
-0.12OE 0 0  

-C. l70E C O  

-C. l@OE co 
-0.16ZE 00 
-0.117E C C  
- 0 . h C l F - 0 1  
-0.276 F-0  1 

C. S?5 E- 07 

C .329E- 0 1  
c. ?22E-G1 
0 . 1 S l E - 0 1  
C.1OL.F-01 

-0 .153E-01 
-0.453E- 0 1  
-0 .481 E - 0 1  
-0. t 6 4  E - 0  1 
-0 .705F-  C l  
-C.6?4E-C! 
- 0 . 2 4 4  E-0 I 

C. 1 4 5 F - 0 1  
C. 2C6F-02 
0.6.42E-07 
0 . 2 7 7 E - G l  

C .  4 50E- 01 
C .458=-  C 1  
0 .?68E-0? 
0.756E-01 
0 .195F-01 
0. I 1hE- C l  

-0 ,142E-  02 
- 0 .  t 1 5 E - 0 7  
-0.109E-01 

-C.94OF-C2 
-0. t 77E-C2 
-c. 3 2.3 E-07 

0. I l 5 E -  c 2  
0 , 9 8 1 5 - 0 2  
0 .121E-CI  

C .  ICOE-0 1 
O.l?6E-O: 
6.154E-Gl 
O.999E-07 
0. I ' 4 c - 0 7  

-0 .117E-02 
-0.7 73 E-02 
-O.P5'E-C? 
-c. 11OE-C1 
- 0 . 1 1 2 F - C l  
-C.17@E-C1 
-0 .109E-01 
-0.801 E-C? 
-0 .76hE-02 
-0.414E-CZ 
-0.112E-02 
-P .  3 ? 9  E- C3 

C.277F-Ca 
0 . C l l E - 0 2  
0 .3  29E-02 
0.743F-02 
0 .515F-02 
C - 2  90E- C Z 
0.3F9F-CZ 

-0.1 1 2 E - 0 2  
0 .721E-03 

-C. 557E-03 

-C.IU+E cn 

- 0 . i e 5 ~  co 

0 .  ~ P ~ E - C I  

0 . 2 ~ 6  E-r: 

-0 .  e 2 9 ~ -  cz  

0 . i a 9 ~ - 0 i  

W2O 
S*I(S) 

0.367E O C  
0.772E G O  
0 . 7 5 4 F - 0 1  

-0.Q5QE-Cl 
-0.251E 00 
-0.307E O C  
-0.4FTE C O  
-3 .585E 00 
-0.cC53E c c  
-9 .661E C C  
-0 .622F O C  
-0 .464E 00 
-0.795E 0 0  
-0.113F 0 0  

0.414E-01 
0.132E O C  
0.156E C O  
9.157E c c  
0 .957F-01 
0.53RE-C1 

- 3 . B l E E - 0 1  
-0.24SE o c  

-3 .382E 00 
-0.416E 00 
-0 .262F O C  
-0.163E 00 

9 .C19E-01 

0 .425E-01 
O.1POE 00 
0.197E O C  
0 .317F O C  

O.27CE O C  
0.1Q2E 0 0  
0.141E 00 
c). e 9 8 E - C I  

- 0.49 4 E - 0 1 
-0. A@9E-C: 
-3. C 8R E-CI  
-3.703E-01 
- 0 . E e l E - C l  
-0.ZR5E-01 

0 .101F-01 
9. S @ l E - O l  
0.110E 00 
0.175E C O  
O.15OE C C  
0.129E O C  
0.149E C C  
0 . 9 7 c € - C 1  
0 .133E-01 

-0.117E-01 
-0 .784E-01 
- 0 . ~ 8 O E - C l  
-0 .115E 00 
-0 .119E c c  
-n.180E cc  
- 0 . I l S E  00 
-0.872E-C1 
-0. Q44E-01 
- 0 . 4 6 0 E - 0 1  
- 9 . 1 2 6 E - 0 1  
-0.796E-C2 

S.318F-02 
0.7C9E-C 1 
O.?fl5E-C? 
0 .  P 79E-C1 
0 . 6 1 5 F - 0 1  
0.350E-C1 
0.4 8 4  E-0 1 

-0.138F-C1 
0.274E-07 

-0 .h96E-02 

- 0 . 2 7 0 ~  no 

0 . 1 7 4 ~ - 0 1  

0 . 3 7 0 ~  0 0  

- 0 . 2 7 0 ~ - 0 1  

1 oooc 
ERROR 

0 . 7 1 3 E - 0 2  
0 .71  1 E - 0 2  
0.684E-02 
0 .6h4E-02 
0.647E-02 
0.637E-02 
0 .642E-02 
0 .  t 4 1  E-02 
G. 564 E-0 2 
C. C13E-02 
0 .676E-02 
0.768F-02 
0.8 6 Q F - 0  2 
0.971F-02 
O.1OBE-01 
C .  1 1 7 F - 0 1  
C.125E-01 
C. 1 3 3 E - 0  1 
0.14OF-O! 
0.1'.7E-01 
0 .153E-01 
0 . 1 5 8 E - 0 1  
0.167E-01 
C. 1 7 4 E - 0 1  
0 .1P3F-01 
0.197E-0 1 
0 .20RE-01 
0.222E-01 
0 .22QE-01 
0.237E-0 1 
0.247E-C 1 ~~~ 

F . 2 5 2 F - 0 1  
0.26ZE-0 I 
0 . 2 7 0 ~ - 0 1  
0.17L.E-0: 
0 . 1 7 6 t - 0 1  

C. l F 0 F - 0 1  
O . 1 P O E - 0 1  
0 . 1 8 1 E - 0 1  
G. i83E-01 
0.1fl5E--01 
O. lE6F-01 
0. : e e F-- 0 1 

C.192E-01 
0 .194F-01 
0 .195E-01 
O.lS6E-O: 
O.lS6E -0 1 
0.195E-01 
0 .196E-01 
0.19hE-0: 
0 . 1 9 5 E - 0 1  
0.194E-0 1 
C. l C 4 E - 0 1  
0 .194E-01 
0 .194E-01 
0 .154E-01 
0 .194E-01 
0. !95E-01 
L.197'5-01 
C. 198E-01 
0 . l W E - 0 1  
0.200E-01 
0.701E-01 
0.20ZE-01 
0.204E -0 1 
G.205E-01 
0.2OSE-01 
0 .207E-01 
0 . 2 0 7 i - 0 1  
0.2OQF-01 

C.210E-01 
0.7I tF-0  1 

0 . 1 7 e ~ c ; i  

0. i 9 n ~ - o i  

0 . 2 0 9 ~ - 0 1  



i( 

C.or 
5 . 0 5  
5.1c 
5 . 1 5  
+.'C 
5 . 7 5  

5 . ? 5  
5.4c 
5 - 4 5  
C . . , t C  
5.55 
C . 6 C  
5 . 6 5  
E . 7 C  
5 -  7 5  
4. ? C  
5 .95  
5. e o  
c . c g  
5 . c o  
h.05 
b .  IC 
6.15 
" 2 C  
6 . 3 5  
C . 7 C  

5 .35  
6. + c  
6.45 
6.5C 
+.E5 
6 . 6 c 
5. t +  
6.7C 
I.. 7 5  
6 .  S C  
C. 8 5  
6. C C  
6 .  q5 

c, .ac 

i7 

I(S) 
-0.255 F - C Z  
-9. t cc E- 9 2 
-C.?70€-L7 
- C  4 E 39F-C2 
-0 .37RE-07  
-0 .i R O C - 0 2  

-C.4ClF-02 
-0. ' 9 1 € - G Z  
-C.Ct4E-04 
-9.150E-C? 
0. KC9F-C7 
0.311F-02 
1 2 .  4 7 F- 0 7  
C .405F-07 
C.797F-07 
17.304F-07 
0 . ? G 7 F - 0 2  

-0.29RE-07 
0. :C7F-02 

-C.449€-02 
-9.G,33r-f17 
-0 .  E ? C  E- 0 2 
-O.?C3F-02 
- C  .475 E- 04  
- r ; .?7C€-C? 
-0 .  S C - j € - O '  

- n . 5 4 7 ~ - 0 2  

R 

7.5c 
7.55 
7 . c c  
7 - 6 5  
7 .7c  
7.75 
7 .ac  
7.1' 
7.*0 
7.05 

s.0c 

9.10 
P.15 
a . 2 r  
4.7c 
R . 3 0  
9.35 
8.40 
8 .L5  
P . r C  
Y.q5 
%.'e  
P . f  E 

P . 7 C  
8.7+ 
E.P0 
P . P <  
r.00 
q - o c .  
'i . '7 c 
C.C5 
S . l C  
s . 1 5  
4.7f' 
5 . 7 5  
C.3C 
G.35 
q . c r  
9 . 4 :  

2 . r F  

*ZO 
S*I(S) 

-0.?ZZE-C1 
-0.494F-Cl 
-0.4 74 F - C 1  
-0.CSSF-01 
-0.4 i7E-  01 
- 0 . 3 6 S E - O l  
-0.724E-01 
-0 .535F-Cl  
-0.525E-Gl 
-0.700E-C3 

00'00F-37 
0. L4L t- 01 
0 .483F-01  
0.569F-Cl 
0.543E-01 
0.&3@ F- C 1  
0.579r-Ci 

-0.440F-Cl 
0.2L;QE-CI 

-0 .707F-01 
-0.13RF CO 
- 0 . P 2 3 E - 2 1  
-7.467F-CI 
-0 .  746E-CJ 
-0.4 ? 3F- 01 
- 0 . L 5 R ' - C ?  

- O . Z ~ S F - O I  

loooc 
ERROR 

0 .21  3r-o: 
0.21 3F-0 1 
G.216€-01 
C . 2 1 7 E - G !  
0.719F-01. 
0.221F-01 
G.223E-01 
C -225 E - 0  1 
0.22 7 F - O  1 
0.230E-0 1 
0.23ZF-C I 
0.235F-01 
0.237F-O I 
0 .2396-01 
0.241F-01 
C. Z45c-01 
0.24q;-O 1 
0.257€-01 
0.256 E-0 
0.261E-0 1 
0.265E-07 
0*2f PF-Ul 
0.27?E-01 
0.277F-01 
0.282F-0'1 
0.285'---01 
0.289F-O! 

100°C "20 



R 

2.0n 
7 - 0 5  
7.10 
2 - 1 6  
2.17 
2.75 
2 . 3 c  
2.'5 

2.45 
7 .40  

0 .2031 4 . 5 0  
0.2772 4.55 
0 . 2 ~ 0 1  4 . 6 0  

c . 1 2 7 1  6 - 7 7  

0 . 2 ~ 7 ~  4.95 
0 .2679 4.00 

c . 3 o o c  L.6 :  

0.3671 4.7* 
0 . 3 ? ! h  & . P I )  

0.2672 4.95 

I N T E N S I T I F C  

5 

0.0 
c.o=c 

0 .150 
0 . 2 c 1  
0 * 2 = 1  
c .7co  
P. 350 
P.-J'o3 
c . 4 1 3  
0.4Q3 
0 . 5 3 3  
p.  5 9 3  
e.6'7 
C.4P3 
c. -1 7 

n.7pa 
9. $ 1 2  
1 . R q '  
0.4'3 
0 .9QT 
1.073 
1.093 
1.123 
1.19' 
1.77 '  
7.7117 

1 . 3 Q 7  
I . 4 6 4  
' . s a l  
1 . C ' Q  

1.77' 
1 . 5 4 5  
1.975 
2 .002 
2.070 
7.155 
7.2'1 
2.3PQ 
2.3P4 
7 . L h l  

7 . 6 1  4 

7.690 
2.766 

2.CIR 
2.9C4 
1 .070 
1 . 1 4 6  
3 . 7 7 2  
3.24p 
3.3'1. 
7.57: 
2.676 
? .>27 

c. I o r  

i .6-  

2.537 

2 . ~ 4 2  

!. C205 
1. c c 9 4  
1 .  0c07 
0. 5C'7 
0. $ 4 5 0  
1 . 0 ~ 1 3  :. P05C 
L. O C 6 5  

r .  9 4 7 4  
1. or30 

R G(R) 
7.co 1 . ~ 2 7 7  
7.CE 1.C263 
7.10 1.025C 
7.15 1 .C271 

7.25 1.C3C.f 
7 .30  1 .CZC4 
-.35 1.C747 

7.20 1 . ~ 2 2 2  

7.40 1 .0171  
7.45 1.cpe3 

I N  E L F C T R C N  

C ( S  1 

c. 10C'- 1 1  

c. '100E-01 
C.1GOF-G: 
e .  10IE- !?  1 

C.10 lE-0  1 
0. l n 2 E - ? ?  
c. 1 0 2 E - 7 1  
0 .103F-Cl  
C. ? 0 2 F - 0  1 
?. ? 0 4 F - 0  1 
0. I 3  5F-0 1 
C.106F-Cl  

0. I O P E - O !  
0. '09E-C1 
0.11 C F - C l  
0.11 Z F - 7 1  
0.11 3 E - " 1  
0.115E-C1 
0 . ' 1  C F - 0 1  

C. l 2 C F  -n 1 
c. !Z2€ - 3 :  
0. !24€- '3!  
0 .127c - I1  

r . i o o F - c ?  

0.1 o:E-n, 

c.1~)7=-07. 

r . i i q r - n i  

0.13CE-01 

0.' 38F-0  1 
0.143F-C? 
0.1 /. 7 E - n 1  
0 .152F-01 

0 .  ! 6  3 F - 0 1  

c. 1 I S & - 0 1  
C.192C-0: 
0 .189E-Ql  
c . 1 c 4 i - s ' .  
n. 79 4 F - C 1 
C.213€-@! 
0 . 2 ? 2 C - C ~  
0 .231 F - 0 1  
f'. 2 4 1 E - 0 1  
0.751E-01 
0.251c-0: 

c. 1 ' 4 ~ 4 1  

0. i= 7 ~ - c  I 

n. I ~ ~ F - o ?  

0 . 7 7 3 r - 0 1  
0. Z R ~ F - C  1 
O.?Q'€-O! 
C.31OF-01 
C.323F-0 1 
C.3''PF-Ol 

fl.'R5€-01 
c. '+20€-91 
C.45 o C - 0 1  

C . ~ ~ ' F - O I  

J(  SI 

O . l ! l E  c7  
O . l l l E  C2 
C.:lLF C2 
C.!IlE 0 2  
0 . l l l E  0 2  
O.!:lF C2 
C . l ? l F  C2 
9 . l l l E  02 
9.111E C2 
9.1!2€ c 2  
C .113E C Z  
0.114F C? 
C . l l 4 E  C2 
O . l l Q E  c 2  
C.120E C t  
0.123c  C Z  
O.12tE 02 
0.123E c 2  
0. 
9. 
0. 
0. 
0. 
0. 
C. 
0. 
c. 
0. 
0 .  
3. 
n. 
0. 

?'E C? 
=7E 02 
4 2 E  0 2  
47E C2 
57E C2 
E7E C t  
C'F CZ 
t C E  0 2  
P S F  C2 
0 Q F  0 2  
3 5 E  CZ 
67E C? 
CRF 0 2  _ _  . 
5 6 E  C Z  

C.4/-OE CZ 
0 . 2 e 9 ~  c 2  

C . L ~ O E  c 2  
0 . 5 1 4 ~  c 2  
0.554E C? 
0.5'7E CZ 
C."OE c 2  
O.rCSE 02  
C.404F c 2  
3.4K5E c 7  
0 . 4 i Z E  CZ 
0.4C7F 0 7  
0.3 tPF C2 
0 .3=6F 0 2  

0.2C2E 0 2  
9.2+1€ 02 
0.74QF C2 

rI3.2Q11*E 02 
0.176E C2 
0 .167E 02 
O . l c 2 F  0 2  
0.141E c 2  
C.173E c 2  

c . 3 1 e ~  c 2  

0 . 2 i 7 r  0 2  

R 
9.5C 
s.55 
C;.CC 
5.65  
5.7c 
9.75 
q.90 
S . P 5  
9 - 9 0  
9 . 5 5  

G(R) 
0.9C31 
0.9C07 
0 . 9 9 2 1  

1 .OOO! 

?.00?9 
1 .Q036 
1.002? 
0 .q9?6 
7 . 9 0 8 1  

n . 7 ~ 6 ~  

C h I T S  

E R P r H  

0 . 1 : ~ ~  r o  
0 . 1 I C F  00 
C . ? I C F  CC 
O . ? l C F  C C  
0 . 1 i C F  C C  
c . 1 1 c r  00 
C . I ! C E  c o  
O.??CF C O  
C . 1 1 C F  O C  
O . I ~ G F  c o  
o . i c Q r  c c  
O . I C 7 E  C C  
9.1C5E C C  
0.1C'F c c  
9.1CCF cc  

0. q 2 7 F - 0 1  
C . C C C E - C l  
0. Q*9 E - C l  
O . P ! 1 € - C I  

0.7 '  1 F-C1 
C. F E 4 E - C 1  
0. E C2E-C 1 
c. E28E-C! 
C . 4 6 i I F - C l  
0.  = C ? F - C l  
9. 564E-C? 
0. t 36 c- c 1  
0 .72CE-01 
0. a 'eF-Cl  
0. Q5?C-C! 

O . 1 ' P E  c c  
O e i 2 5 F  C C  
0. l 2 7 F  c o  
9 . ? & 8 E  c 3  
0 . 1 4 h C  C O  
0 .14ZF C9 
0 . 1 3 7 F  C C  
0 . 1 3 1 =  c c  
0 . !23€ C C  
7.117F C C  
O . ! l l E  c o  
0.1C2E C,? 
C. $4CE-0 '  
0 .QCPE-01 
0. P ~ ~ F - C I  
0. 7 5 7 F - C l  
0 . 7 3 8 F - C l  
0 . 6 Q l  F-c 1 
f l .FZhE-CI 
C.56CE-C! 
P. 5?6E-C1 
C.L*?E-Cl 
0 .L72E-01 

c. 5 7 1  r - c i  

0 . 7 6 4 ~ - n 1  

1 . 1 ~ 4 ~  c c  

I (  S I  

-C.54SE 00 
-0 .549E c o  
-0.5LCF 00 
-0.51.9t 00 
-C.51.8€ 0 0  
-C.54PF G O  
-C.Eh@E c o  
-C.54RE 0 0  
-7.547E 00 
-C.546€ 00  
-C.545€ 0 0  
- O S C 4 2 F  00 
- C . E L ? F  00 
-C .53QE 00 
-C.535E 0 0  

-C.532E 00 

-C.523E C C  
-0 .515F 00 
-C.512€ 00  

-C.4QQF C O  
-0.4COF 00 
-C.4?2F co 
-0.473E c o  
- C . 4 t I E  c o  

-0.4CaF 00 
- C . ' f l f  07 
-0.309F '79 
- 0 . 2 b l E  00 
-C.?+sE 00 
-C.535E-01 

C.6C7F-02 
C. 7 73 E -  0 1  
C.179F CO 
C.279c GO 
0.2e3F Cc? 
C.3C5E 00 
C.295F C 0  
C . Z P 8 E  00 
C.265E C O  
C.2&6€ C O  

C.174F C O  
0 .129E 0 0  
0.115E C O  
C . ' 6 O C - 0 1  
O. lC2E-01 
0 -  1 4 4 E - 0 1  

-C.240E-01 
- C .  7 2 4 F - 0 1  
-3.!3BE 00  
-C. l46F C O  
-0.157E 00 
-C.155€ co 

-o.:z~E 00 

- 0 . 5 0 ~ ~  cn 

- c . 4 3 9 ~  n o  

0 . 2 3 0 ~  c o  

H 2 0  

H2° 
S*I(SI 

0.0 
-0.2 74E-C1 
-0 .569E-71 
-0. R 2 3 E - 0 1  
-0.110E C C  
-0.137E 00 

-0.192E 3 0  
-0.ZlOE 7C 
-0.237E 0 0  
- 0 . 2 t 4 E  C O  
-0 .290E C O  
-3 .316E O C  
-0.341E CO 
-0.3C6F C C  
-0.3CCF c c  
-0.417F: OC 
-0 .4?6E C O  
- 0 . 4 5 7 E  c o  
-0.478E 00 
-0.497E J O  
-0.515F C C  
-0.531E 00 
-9 .546E C O  
-0.5hOE 0 2  
-0.571E C C  
-0.575E oc 
-0 .560E 0 0  
-0.C28E C O  
- 0 . 4 7 7 €  c c  
-3.3QOE O C  
-0 .76QE O C  
-0.166E 00 

9 .112E-C1 
I).:49F O C  
0 . 3 5 8 E  o c  
0 . 5 e l F  C C  
O.hC9E C C  
0 .6605  C O  
0 . c 5 1 c  00 
0.68'F O C  
0 .652F C C  
0.624E 00 
0.6OOF 00 
0 . 4 t 7 E  0 0  
0.754E C C  
0.326E C C  
0 .122F 30 
0.575F-C1 

-9.it4~ r o  

0 . 4 4 2 r - 0 1  
- 0 .  T ~ ~ E - C I  
-0 .213F C O  
-C.456E C O  
-0 .493F C O  
-0.553E 00 
-3 .571F C C  

0.4C9E-01 -C.l'2E 0 0  -0 .545E C C  

1 oooc 

1500c 

E R R O R  

0.0 
0 . 5 5 0 t - 0 4  
O . l l 0 E - 0 3  
0 .166E-03 
0 .22ZF-03 
C. 278E- 0' 
C 3 3 5 E - 0 3  
G. 3'32E- 0 3 
C . 4 3 0 € - 0 3  
C .486E-C3 
C. 541E-O? 
0.54 3F-0  3 
0.643E-0 3 
0 .689E-03 
0 7 3 1  E-C 3 
0 . 7 6 9 f - 0 3  

C.829C-C? 
0.84  7E-0  3 

0 .  E 6 2 F - 0 3  
0 .Q55F-33 
O s R 3 6 F - 0 1  
0 .805E-03 
0.760E-03 
0 .701E-03 
0 .@35E-03 
0.102F-O? 
O. l?SE-02 
C. 154E-O 2 
0 .191E-02 
C.23RF-02 
0.2POC-02 
0 . 3 4 2 F - 0 2  
0.393 F - O  2 
0.444 E-02 
0.539E-07 

C.5q9E-02 
0 .  6 1 9 E - 0 2  
O . t 3 7 = - 0 2  
0.04SE-02 
O.659E-02 
O.673E-02 
0.660E-02 
0 .652E-02 
0.667E-OZ 
0.663 F - 0 2  
C. t45E-02 
0 . t 7 3 E - 0 2  
0 .664E-02 
0 .653E-02 
0.6?4F-O 1 
0.6 3P E-0 2 
O.CO1.E-02 
0 . 6 5 2 F - 0 1  
0.717E-02 

O . B O ~ E - O ~  

O . B W E - O ~  

n . 5 6 3 ~ - 0 2  



S 

3.a78 
6.128 
4.778 
6.4?7 
4.576 
4.725 
A .  e71. 
5.027 
5.170 
5.317 
4.464 
5.610 
5.7c7 
5 .902  
6.01.7 
h . I P 7  
6.317 
6 .4Q0 
6 . 6 2 4  
6 . 7 6 6  
5 *  @ C S  
7.051 '. 1 0 2  
7.777 
7.47' 
7.612 
7 . 7 5 1  
7. P90 
9.377 
0 "  156 
P . ? n l  
S.li3' 

4.577 
*.7G7 
P . P 4 ?  
R.974 
9.107 
9.234 

9.Gk-0 
0.671 
O * V ? C  

* . q o r  

10. I 4 2  
l O . ? A R  
7 0 .  a $ %  

'0.66' 
10.76A 
l O . n F 5  
Il.OC7 
? 1 . 1-27 
11.267 
: 1 . 3 C t  
1 1 . 4 P 1  
1 1 . 6 9 0  
l ! . ' l f  
l'.?Il 
11 .04e  
! ? . 0 5 C  

12.29' 

' 2.5"3 
!Z.Sll 
'2.71C 
1 7 . P 7 f i  
12.9 '2  

13 .140  
' = * a h 7  
13.24s 
13.445 
'?.E45 

Q . 3 v r  

- ~ . n i +  

10 .517  

12 .1  71 

1 2 . 9 0 7  

11.036 

17.664 

C. l=?F 
0.132E 
Q.124F 
0.171F 
0 . l l Z F  
0.1C7E 
O.999F 
C.Ql9F 
0.P69E 
0.757~ 
0.71n~ 
0.tC6E 
O . G Q 2 E  
C,579F 
0 . 5 4 F F  
C.5306 
Q.5266 
O.512E 
O.ca3E 
0.6SCF 
O.C67t 
0.4KPC 
1 . 4 i e F  
C . 4 0 7 F  
0.195r  
0.36RF 
0 .3&?E 
0 .746E 
0.7?6€ 
0.2?6F 
0.773F 
C.310€ 
0.307E 
G.?CCE 
0 . 7 S a F  
0 . Z Q Q E  
O.2QlE 
0.277t  
0.771k 
C.267E 

O.?57E 
c e 
C.245F 
C.:GOE 
9.73% 
C.735F 
O . i Z 9 C  

c.7 24E 
0.221E 
C.720E 
0.215F 
0.215F 
0. Z ' Z F  
0.2lOF 
O.ZC8E 
0.7C5E 
O.?C4F 
O . ? C Z F  
c . t cac  
0+!"6F 
O.lC4F 
0. l G Z E  
0.141F 
0.19PE 
0.1R4E 
0. ?Q4F 
0.1 P3F 
0 . i q l f  
0.179c 

0.175F 
0.1 73E 
0.172F 
C. 17CE 

0 . 7 ~ 9 ~  

0 . 7 2 ~ ~  

0 . 1 7 7 ~  

JW 
C ?  
02  
O? 
c 2  
02  
02 
01 
c1  
c 1  
c1 
01 
c1 
c1 
c1 
0 1  
01 
c 1  
c 1  
c1 
c1  
C? 
c1  
c 1  
O i  
c 1  
01 
c1 
O t  
c 1  
c1 
0 1  
c 1  
01 
01  
c 1  
01 
c1  
0 1  
C l  
01  
0 1  
C 1  

c1  
C 1  
O! 
c1  
0 1  
O! 
c1 
c1 
c1 
01 
c 1  
c1 
01 
01 
01 
c1 
c 1  
C! 
0 1  
01 
C l  
0: 
01 
c1 
01  
01 
0 1  
C ?  
c 1  
01 
C I  
c 1  
c 1  

a i  

59 

ERROR 

c. 4 10 E- 01  
C. 6 12 F-C 1 
0.345c-01 
0.38SF-Cl 
0.3(aE-C1 
0.357F-Cl  
0.34CF-0: 
0. I24F-Cl  
0.3C9E-01 
0. Zn9c-C! 
0 . 2 7 8 ~ - L 1  
c .2 t  > E - 0 1  
0.24PE-CL 
0.26 1 F-01 
0.7?5€-01  
0 . 2 3 0 C - C l  
O.Z?QF-C1 
0.224E-Cl 
O . Z l + F - O l  
0.214F-Cl 
c. ZC?E-rl  
0. i C 1  E- 01 
0.1"ZF-Cl 
o.ii5F-ri 
O.l!tc-O1 
3 . 1 C 5 f - n !  
0. : C ? E - C 1  
0.<71E-C2 

0. R 5 L E - P Z  

0. e30E-02 
0. PChF-r? 
0.773c-CZ 
C.750F-CZ 
0.7i7F-CZ 
0. f C O f - 0 1  
0.b?"E-C2 
0. tESF-P2 
F). A 3 4  f- C? 
O.tCSF-C7 
0.57CF-C2 
O.C72F-C2 
0.5"5k-C? 
0.51'F-P2 
0. =23E-C? 
0 .510F-C7 
0 . 4 Q 3 c - 0 2  
O.LP*E-C? 
0.472F-02 
0.464F-CZ 
0. L c =  F-C7 
O.46Ct-02 

a. = 3 2 ~ - ~ 2  

0. P ~ O F - C Z  

0. L ~ Q F - C ~  
0 . 4 2 c ~ - r z  
0.62 3F-CZ 
0.6 1 C F-C 2 
0 .kCRF-P2 
0.4C3F-C2 

C. 392F-CZ 
0, '77F-CZ 
0 . 1 7 7 ~ - c 2  
0.?n7c-n2 
0. ? b l F - Q 2  
0. ? K ? E - C ?  
0.353f-C7 
0.350F-C2 
0.346f -02 
0. 363F-CZ 

c .737c-c2  
0.376F-02 
O.??Zt-C7 
0. ! 2 0 E - C 2  

0. ~ L C L - ~ Z  

I ( 9  
-0 .595F-01 
-0.456€-01 
-C.365F-01 

0 e E 5 1  E-0 '1  
-c  .778E-02 

P. 1 5 2  F- 01 
0.113F-01 
0.7 2@ E- 07 

-0.2 2 3  E-07 
-0.3121-01 
-0.3 77 E- 01 
-3 .575E-01 
-c. 5LBF-01  
-0.76 7 E-0 I 
-0 f; 65 E- 0 1 
-C.E I'f-cll 
-0.165 E-01 

0.14 7E-02 
-0.1 3 1  e- 01 

C. 4 35  F-  01 
0.  ? 7hF -01 
C.568f-01 
0 .  _ ' W E - 0  1 
0.1Y7E-C: 
C .  2 4 O E - q ) 1  

-C. C O O E - 0 2  
3.e97F-32 

-C.74lf-O2 
-0.3440E-02 
-0.1'9E-Gl 

- C  .746 F- 0 2  
0,535E-CP 
0.SR3F-02 
C .4qOE-07 
0.119E-01 
0.4 117f - 0) 
C,. 106F-OI 
0. R 55 E-07 
c .  I I O € - O l  

-0.780F-CZ 
-0.803F-07 

- c - 2  1 0  c- 02  
-0 1 103 F-n1  
-0. b 13E-0' 
-0.2 ZIe-02  
-c. L Z E E - C I  
-C.705F-02 
-C. 920E-07 
-0 . f 3 3 E - C ?  
-0.504 E - 0 7  
-c. 7 C O F -  q2 
-0.3 Z 7 F - 0 ?  
-0 .579€-02  
-c . 6 80 F - 07 
0. I 7 ? F - C ?  

-0.222E-C2 
0.435C-02 

-0 .1?ZE-07 
- C .  344E-07 
-0.265E-02 
- C  - 2  74E- 02 

O.Cb4F-04 
- 0 . I . P O f - 0 2  
-C .448E-02 
-C. t 4 1  F-02 
-5.315 E-07 
-0.317E-0) 
-0 .  ? 1 9  F- c2 
-0,151.F-02 
-c. 278E-C? 
-0.363F-07 
4. e l 6  E - C 3  
-C.?22F-O3 

n. t 5 2 ~ - ~ ~  

-c  . L L ~ F - O ~  

0 . 4 1 7 ~ - 0 2  

H2° 
5*1(S) 

-0 ,796F C C  

-0.156E CO 
0.3ei  E-02 

-0.356E-CI 
0.7 W E - 0  I 
0.549E-01 
i).366E-01 

-0.1 15E-01 
-0.lh6F C 0  
-0.134F 00 
-0.372E C C  
-0.523F CU 

-0. '*Czt- 00  
-0.318F CC 
-0 .104E C C  

0.955f-CZ 
- 0 s  R70F-01 

C.294€ cc  
0.259E co 
0 .722s  C O  
0.137F 0 c  
0.179E c c  

-0.685E-01 
0 . 5 8 4 F - C l  

-0 .585E-01 
-0.691F-01 
-0 .113F 00 

0.542E-C1 
-0.629E-01 

0.459C-31 
0.5 0 9  i - 0 1 
0.424f-01  
0.107t- 7 c  
1). 3 7 3  F- 0 1 
0.967 E - 0  I 
!I. 3 C L  E- c 1 
0 . 1 C 5 F  00 

- C .  2 7 0 6 - 0 1  

-0 .401 E - C 1  
-0.21 OE-01 
-3.lC5E C C  
-3.62OF-01 
-0.2 11 E - 0  1 
-0.131f  OC 
-0. R 14E-CI 
-0.790E-01 
-0.1CZF 00 
-').f-?lF-Cl 
-0 .  945E-01 
-0.367E-01 
-0.e57r-Cl 
-0.7 8 1 F- 02 

0.153F-31 
-0.260F-01 

0,539E-61 
O.I.4RF-01 

-0.157E-0? 
- O . L . l R € - 0 1  
-0.726E-O: 
-0.340F-C: 

0.120E-02 
-9.8 C7E-01 
-3.6?3f-C1 
-0.d?2E-01 
-0.407E-0: 

-0.418E-Cl 
-0.7C4E-01 

- 0 . 4 S l E - 0 1  
-r). Q ?5€-92  
- O . ~ ' 9 € - 0 7  

-3.ia~c 00 

-n.452E GO 

0 . 4 ~ 0 ~  nc  

-0.7~4~- 01 

-3.4 13c-01 

- 3 . ? 7 1 ~ - ~ 1  

150°C 

ERROR 
G.814E-02 
0 ~ 9 2 4 E - 0 2  

0 , l l O E - 0 1  
0.11 7E-0 1 
0.127E-0: 
0.135E-01 

0.99a €-a 2 

0 0.151f-01  " 14 3E-0 1 

0. i56E-01 
0.16bE-01 
0.172F-Ol 
0.178F-01 
0.189€-0 L 
0,201E-01 
0.21?F-3: 
O . Z ~ ~ E - ~ I  
0 .243F-01 
0 25 1 E - 0 1 
0.263E-01 
0 II 273F-O? 
0*289F-01  
0,294E-01 
C . l R ? ? E - 0 1  
0.153E-01 
0.193E-01 0.197E-0 1 

0.197F-01 
C.199E-01 
O.ZO1E-O!  
0.205E-01 
0.205E-01 
0.207E-GI 
C. 209 E- 0 1 
0.21OE-01 
0.21 1F-0 1 
0.21 1 F-!I 1 
0.213E-01 
0.213E-01 
0.214E-01 
C.212E-0 1 
0.212E-0 1 
0.212E-0 1 
0.213E-01 
0 . 2 1 Z E - G ?  
0.21 3 E - 0 1  
0.213E-01 
C.212E-01 
0.2L4F-01 
0.215E-01 
0.21 6E-0 1 
0.21 e E-O 1 
0 . 2 1 9 E - G I  
0.ZZlE-0 I 
0 . Z L l E - O l  
0 .223€-0 I 

d .  225 E-O 1 
0.22IJE-01 
0.229E-0 1 
0.?29E-01 
0.230F-01 
0.231E-OI 
0.233E-01 
0 .  i 3 6 E - O l  
0.235E-01 
0.237E-01 
0.2 39E-0 1 
0.241E-01 
0.2445-0 1 
0.246E-Ol  
C .249 E-G 1 
0.251E-0 1 
0.??3F-01 
0.757E-01 
0 259F-01. 

0 . 2 ~ ~ - 0  I 



S 

13.761 
11.93e 
1?.93? 

14.714 
16.395 
14.572 
14.74L 
14.913 
15.97t 
15.235 
15.3P9 
15.c39 
15.694 
15.R24 
: 5 .059  

i o .n ie  

F(s) 
0.169E 01 
0.1F7E 01 
0.165F 01  
0.164F C ?  
0 . l t O F  11 
0 .159F  11 
0.155E 01  
0 .152E 01 
0 . 1 5 1 F  r ) l  
0.148F 01 
0.145E 01 
9.1L-F 01 
0.1"OE 01 

'7.136F 01 
0.13nF 01 

3 . 1 7 6 ~  01 

MG) 

O.=83E 0 0  
C.589E oc 
0.=95F O C  
0.400E 0 0  
0.612F O C  
0.623E 0 0  
0.634E 0 0  
C.645E 0 0  
0.556E C C  
C.668F "C 
0.679E O C  
0.601C 00 
0.702F O( 
0.713E O C  
Q.723F 00 
0.732E O G  

JW 
C.169E C 1  
0.167E 0 1  
0.165E 0 1  
0.164E C 1  
0.161E 0 1  
0.159E C 1  
0 . 1 5 5 E  c1 
0.152E C l  
C.150E C 1  
C.148E c 1  
0.165E 01 
C.143E 01  
C.140E 01 
O . I ? R E  01 
0.1?5€ 0 1  
0.1?4€ 01  

P 

0.0 
o.o= 
0.10 
0 . ! C  
0.29 
0.75 
0.30 
0.'+ 
0."0 
o.4c 
c. +0 
0.55  
0.69 
0 . 5 c  
0.70 
0.7c 
0.90 
O.*+ 

0. Q C  

1 .oo 
1.05 
1.10 
1.1= 
1.70 
? . ? C  

1 . 3 0  
' . ? 5  

1 .60 
1 .1 .5  
1.50 
? . 5 K  
1 . h C  
1 .6=  
1.7c 
1.7= 
1 . R O  

:.?E 

!.on 
1 .05 
?.PC 
2.95 
?.IC 
7. ? 5 

2.7F 
2.30 
2.35 
7 . 4 c  
2.45 

0.00  

7.7n 

G ( P 1  

0.0 
-4.1971 
-3.741 
- 1 . O Q 5 1  
-2 .1773 
-1.7059 
- ! . l e l e  
-9 .7766 
- 0.5 7 5'. 
- 0 . 3 f ' L  
-0.2'92 
-0.0751 

0 . 1 7 9 9  

I .eon= 

7 . 3 9 7 3  
0.6Q57 

1.3001 
1 . 5 5 I c  
1. -r2 2 1 
1 . 'P6? 
' .731 7 
1 .5641  
1.$!7P 
1 .O?OS 
0.754' 
0 .5777 

0 . 2 * 7 4  
0.2 't 2 c 

0.2127 
0.1703 

0.1971 
3.2246 
9.2670 

0.3'67 
7.3754 
0.3175 
0 . 7 4 5 7  
'3.2320 
n.21pc 

0.2=1c 
0.2740 
0.2915 
0.2744 
0.25"4 
0 .7999  

0.7712 

0 . 2 ' 5 ~  

0.1707 

q.3102 

0 . 2 - 7 ~  

Q 

2.5P 
2.55 
7.60 
'.05 
7.70 
2.75 
?.no 
7 . 9 5  
2 .00  
2.95 
7 .00  
2.05 
3. ! O  
-4. 15  
3.20 
1.25 
3.30 
3.7= 
3.'0 
'3.45 
3.50 
7 . 5 5  
3.60 
7.t5 
2.70 
3.75 
3.50 
3.P5 
-4.20 
-4.95 
4.00 
4. c5 
4 - 1 0  
4.15 '-. ' 0  
L.75 
b.=C 
L.35 
4.40 
L.45 
4.50 
4.55 
L.60 
6.tS 
L.7C 
4.75 
4.80 
4.8' 
L .00  
4 . 4 5  

G ( Q 1  

3 . 3 6 4 9  
0.5075 
C. 711 E 
c. Q C 1  Q 

1.10'' 
1.3954 
1.52R8 
1.6154 
I . V L 3  
7.6135 
1.5713 
1.5104 
1.66'1 
1.2990 
1 .32FO 

1.1691 
1.1C18 
1. OC4O 
1.0302 
1 .0794  
' . 04?8  
1.061 3 
1. c 7 9 7  
1.0990 
1.0907 
l .Of4 '  
1.0770 :. 0570 
1.0162 

C. 5 7 1  6 
0. FC30 

1 . 9 ? 7 5  
C. 9'-0 
q. 0 7 5 9  
0.9424 
0.9477 
0. c5:e 
c. 9547  
0.9576 

0. s c s s  
0.9776 
c. 9999 
c.sc77 
1.cc42 
1.0C54 

1.2470 

1.0778 

c. 9q35  

c. 9400  

o.ot!a 

R 

5.0C 
5.05 
5.10 
5 . 1 5  
5. z c  
5. 2 5  
5.3c 
C . ? 5  
5.4c 
5 . 4 5  
5.5c 
5.55 
5.60 
5.65 
5.7c 
5.75 
5. PC 
5. Q 5  
5.90 
5.55 
4.00 
6 - 0 5  
6.10 
0.15 
6.?C 
6.25 
6.3C 
6 .  3 5  
6.40 
6.45 
c . 5 c  
6.55 
6.60 
6-  6 5  
6.70 
6.75 
6. S C  
6 .  ?5 
S . S O  
6.25 
7.00 
7. c 5  
7.1c 
7.15 
7.20 
7.25 
7.3c 
7.35 
7.40 
7.45 

E R R O R  

0. ?29E-CZ 
0.324E-02 
0.321E-02 
0.320E-C2 
0.'15E-C2 
0.311E-CZ 
0. 'CFE-CZ 
C. ?COE-CZ 
O.Zq7F-02 
0.253E-C2 
0.2'CF-C2 
0.287E-C2 
0 . 2 9 6 E - C Z  
0 . 2 ~ 1 f - C Z  
0.27RE-C2 
0.7 7 +  E-C2 

0.723F-03 
0.249E-C2 

-0.OC6E-03 
0.714E-02 
0.357E-02 
0.583E-02 
C.129F-02 

-0.349~5-02 
C.3ROE-03 

-0.5C6E-03 
-0.159E-02 
-O.:PZE-C? 
-0.354E-CZ 
-0.142F-02 
-c. 192E-02 
-0.llOE-02 

G I P l  

1. n o c 5  
0. c 9 c 5  
0. S7EO 
0. C 6 h C  
O.95CC 
0.55P5 
0. C O ? ?  

0.9714 
0.C7SZ 
0.5P35 
0 . 5 P 2 5  
O.C7@2 
0 . c 7 2 1  
0.9677 
0.Sh77 
c. 9 7 c c  
0. 9773  
0 . C R y S  
0 . cpes  
O . $ 9 ? P  
O.qC40 
0.9C77 
1.0C44 
1.0142 
1.0754 

1.C3QT 
I .C?P9 
I.C'37 
I.CZ55 
1 . 0 1 P P  
1.C151 
1.0!49 
l .C!65 
1 .c177  
1.CI6E 
1.C126 
1.co71 
1 . C C i l  
0.C995 
cl .  CS9P 
1.0023 
1,0C5? 
I. C07O 
1.C067 
1.COS1 
1.0C36 
I .  0 0 3 5  
1.0C52 
1. C07e 

1.c24e 

R 

7.5c 
7.55 
7.60 
7.65 
7.7c 
7.15 
7.RC 
7.e5 
7.cc 
7.95 
9.CC 
3-05 
3 . ? C  
9.15 
e.2c 

8.30 
Q.35 
P.f.C 
3 .d. 5 
8 . 5 0  
E.55 
3 . c c  
f . 6 F  
R . 7 C  
Q . 7 5  
8.PO 

Q.9C 
e.95 
9.cc 
S.05 
9.10 
9 . 1 5  
9.20 
9.25 
9.9c 
9.35 
S."C 
9 . 4 5  

9.5c 
5.55 
C.SC 
5.65 
c.7c 
9.75 
5.ec 

5.FC 
9.95 

8.25 

9 . 8 5  

9.85 

H20 

S*I(S) 

0.9 94E-02 
9.344E-Cl  
-0.9 29 E-02 

0.721F-01 
0.507E-01 
0.94OF-Cl 
0.175E-C1 

-0.514E-01 
0.566E-02 

-0.763E-02 
-0.3C3E-CI 
-0.279E-01 
-0.550E-01 
-0.2 Z Z E - C  1 
-0.304F-C1 
-0.1 7 5  E- C 1  

H2° 
G ( R 1  

1.0093 
1.0C79 
1.0026 
0.9CCl 
0.9944 
0 .9764  
0.9722 
0 . 7 7 2 Q  
0.4777 

5.9929 
0.99Q4 

1.0041 
1.0074 
1 .On76 
1.0071 
1 .OC56 
1.0031 
0.9095 

0.9913 
0.9805 
C.OPQ 1 
0.9002 
0.9°23 
0.9943 

0.0969 

0.9997 
1.0C3C 
1.0074 
1.0120 
? . @ I 5 5  
1 .0169  
1.0155 
1.0118 
1.0071 
1.0077 
0.9997 
0.9'=R4 
0.4992 

0.9c77 
0.9951 
0.9024 
0.9403 
0 . 9 0 0 ~ 1  
0.9922 

o . s a 5 i  

1 . 0 ~ 3 1 3  

0 . 0 ~ 5 4  

0.99513 

0.99-a 

0.90ei  

150' C 

E R R O R  

0 Zb2E-01 
0 264E-0 1 
C.266E-01 
0.269E-01 
0.274E-0 1 
0.278E-01 
0.282E-01 
0.285E-0 1 
O.2QlE-01 
0.295E-01 
C 3OOF-01 
0.3 05 E - 0  1 
0.309E-01 
G. 314E-C I 
0.31 fl E-0 1 
0.322E-0 1 

150°C 
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1 hl T F P ' S  I T I E C I N  F l E C T R C h  L h I T  

EPqCP 

O . Z E C F  C C  
n.i<.cF c o  

C . ' C C F  ct! 
0 . I C C E  C 3  

C . 1 5 C E  c c  
0 . l 5 C E  CO 
C . 1 5 C T  c c  
O . l F C C  cc  
O . l L 9 F  C C  
0.1(.7r C 5  
n.146F C O  
0 . : & 3 €  3'1 
9. ! ? r ; G  C C  
0 . : = r t -  LC 
0.112F- c r  
0.!27' C C  
0 . ' 7 ' f  co  
r ) . ! l E f  O C  
3.10Cf ( '0 
O.102F C O  
0.947F-C' 
0.PCCE-Cl 
0. 773f--01 
0.6QO'-Cl 
0 . 5 R I F - C i  
0.0275F-01 

0. "CF-01 

o.Pczc-O! 
O . I C C €  c o  
O . l I l f  GO 

0.124E C n  
0 . l I C f  c c  
0 .13c :  c c  
0 . ? ( . 3 F  c c  
O . l * C E  c13 

0 . 1 3 L F  CT 
'?.i25€ c 3  
O . l l 9 E  ne 
C.1C'"E c c  
0. r 4 c c - c  1 
0. Q 4 C F -  c 1 
c. 753F-C' 
0.72QF-02 
O . ~ C l f - C !  
9 .FIIE-CI 
0. 57IF-Cl  
0.53CE-CI 
0.4CCF-C1 
c.c7cr-c:  
0 . ~ 5 4 ~ - r :  
0. 3F-r 1 

O . C - ~ S F - C I  

c . e i c r - c i  

o . i z c r  c r  

0. 1 7 s ~  c o  

O . : I ~ F  r c  

0.42 7F- C l  
0.4 C 9 F- C l 
0 . 4 C 3 E - f l  
0.3S5E-C1 
C . ? * ~ ~ - C I  
0 . 3 P 5 P - C I  
n. - 4 9 7 ~ - c 1  
O . ? P 6 E - C 1  
0. ?PZF--Cl 
C. a I . C F - C l  
0.3775-01 

0 . 2 g P F - C l  
0.277F-C1 
3.253E-C: 

o . ? r 7 ~ - c i  

5 

I I S I  

-0.SC7E CC 
-0.507k 00 
- 0 . S C 7 C  0 0  
-0.507F 0'2 
-0.507E 0 0  
- C . S C S F  0 0  
-0.5CbF C O  

-0.5C5E (10 
- C . 5 C 4 &  (I0 

- C . G C O F  07 
- C . * % G  00 
-C.4921F 00 

- c . 4 * 2 t  o n  
-r;.l+77e 00 
-C.470E or) 
-C.&63E: c 0  
- 0 . 4 5 f E  C O  
-C.+S&F 00 
-C.L'6F 00  
-C.425E O C  
-0.414F 00 
-O.LC!!E 00 
- C . 3 R 7 E  0 0  
-C.760E 00 
-13.72CE c 0  
-0.285E 00 
-C.735€ c 0  

-0. = c 1 f- o 1 
-0 * 9 2 5 f - 0 2  

C.fi.tiPF-0l 
C.1'9E co 
C.2IRE C O  

C.360€ 00 

C . ? P R F  O C  

O . ? & 3 E  00  
C.21XF r 0  
C . " o B t  or 
C.74GC c o  
C.19AF 00 
c.174= 00  
0 - 4 75F-01 
0.473F-Cl 

- C . 7 7 ? E - 0 7  
-C.4'5E-C1 
-0 .7c4 F-0' 
-C.IOlF 00 

-0.141F 00 
-O. lL ( .E  00 
-0.ls4F 00 
-".l+lF CC 
-0 .145c 00 

-0.125F CO 
-C.?CSF 00  
- C . P h * E - O l  
-0.615F-01 
-0.346E-01 

C .  1 C! F-C! 
r! 7 ?C.F-O! 
0.3 13E-01 
(3.757 E- C1 

-C.121F-O2 

- ~ . 5 c h t -  r)o 

- c . ~ o ~ E  Gn 

- c . ~ B R ~  c o  

- c . I ~ ~ F  co 

C.ZE.OF on 

c .?s ic  o r  

c . 3 a 5 ~  G O  

- C . I Z ~ F  r o  

- c . 1 ? 5 ~  co 

-9. ~ ~ Z F - I I I  

0. 2 0 7 ~ - 0  1 

H2° 
S*I(S) 

0. c 
- 0 . 2 5 4 E - C l  
-0.597E-01 
-0.7coE-C: 
-Q.lOlE 0 0  
- 0 . 1 2 7 F  C C  
-0.152F 00 
- 0 . 1 7 7 E  C C  
-9.lSf4E G C  
- 0 . 2 1 P &  0 0  
-0 .7*2€ 0 c  
-0.766E 00 
-0.ZP9F 00 
-0.31ZE cc  
- 0 . 3 5 4 E  c0 
-0.274E c0 
-0.a9QE O G  
-0.424E 00 

-0.65CF C O  

-0.449F Oi? 
-0.474E 09 
-0.479E C C  
-O.L71E co  
- O . + 5 ? E  C O  
-9.4176 00 

- 0 . 2 H 5 i  130 

-0.!6+E-J! 
0 . 1 2 7 1  G C  
0.287E C C  
0.497E 0 0  
O e C a ? E  OC 
0.751E C C  
0 . Q C 5 F  00 
O.Q'?fF C C  
0.917F 00 
0 . 3 4 5 F  IO 
0.79QF C0 
0.8C4F C O  

0 . 5 4 1 E  C0 
n.752E C 7  
3.?73F co 
0.L4ZE G O  

-0.2 37F-Cl 
-0 . !77E  C C  
-0.Z27f C C  
- 0 . 7 3 4 F  0 0  
-0..+2YE c c  
-0.407E C O  
-0 .5C7F nc 
-0.5<5F C C  
-0 .5175 c o  
-9aSC6F C O  
-0.519k nc 
- 7 . 4 9 b F  CO 
-0.429c co 
-0.350E C C  
-0 .Z57t  G O  
-0.145F CG 
-0.7'5F-01 

7.467f-O? 
0 . 1 5 4 C  C P  
0.14PE C C  
O . 1 Z ' E  C O  
0.104E 0 0  

-9.625'-02 

- 0 . 1 2 3 ~  r c  

-3.297; o r  

- 0 . 4 , ~ ~  o c  

- 0 . 4 6 1 ~  nr: 

-n.262F c c  

- 0 . ~ 6 1 ~  r o  

0 . 6 5 ~ ~  r o  

2000c 

C R W O R  

0.0 
G. 751E-04 
0.15OF-03 
0.2Z6E-0' 
0.302F-03 
0.?7QF-01 
0 .456F-03  
0 . 5 3 i f - O ?  

0.6r,?L-0 3 
o.737r-133 
0.807F-C' 
0 . 4 7 4 F - 0 3  
0 .93bE-0? 
0.702L-03 
0 .  I W F - 0 7  
0.103t-02 
0.  I l Z t . - I 7  
0.114F-C2 
0 .115E-O?  
0.11 5F-02 
0.11 3E-02 
C.llOE-02 
0. ? O S F - 0 2  
0 .  Q79E-0 3 
0.887E-03 
0. !04F-02 
d. 1 2 3 t - 0 7  
0. 145'-0 2 
c. 1 7 3 G - O i  
0 -  Z06E-0 2 
C. 2 5 O E - 0 2  
0 .300F-d7  
0 .749t -07  
0.403C-O 2 
C ,469 F-0  Z 
0.506 F-02 
C.562E-0; 
0 .592F-07 
C. 6aOF-02 
0 . 6 5 ? f - 0 ?  
O . b q 4 F - 0 2  
0.6t7f  - 0 ;  
e.  hlllE-O? 
0.06CE-02 
0.6CR'-02 
C.t?1€-02 
0.  6 ? 1 F--0 2 
O.621E-07 

n . 5 ~ 7 ~ - 0 3  

C.C.0ZF-02 C. 5F6F-U 2 

C.595F-02 
0.591 E-13 2 
C. 59OE-32 
0.59eE-02 
0. C15F-07 
0. h27E-02 
0 -  6 5 s  F-0 2 
0.673E-07 
C.7CbE-02 
L. 7 2 E - 3 2  
0 .771  F-07 
0 .!!23E-02 
L . t lSAE-OZ 
C.918F-02 
0. Q45 f-02 
e .  964r-37  
G. 194.F-0 I 
r . i 0 9 ~ - 0 !  
0.114E-0! 
0.120F-CI 
0.124F-01 



S 
5.317 
5.466 
5.610 
5.7K7 
5. Q02 
h.0 ' .7  

6.192 
5 . = 9 7  
6 . 4 e o  
t . h ? L  
6.766 
6 . Q P 9  
7.OC1 
?.IC2 
' . ? ? 2  
7.673 
. 7 . 6 : 2  
' 1 . 7 < !  
7 . P 9 0  
1.0?7 
Q.! CI. 
8.301 
?./*77 

Q.572 
Q . 7 0 7  
R.P.C1 
8.97L 
0 .197 
9.279 

".'BO 
Q.670 
C . 7 L - O  

$.3Q? 
'0.915 
lO.l '+2 
1 ? . ? A S  

1. P .  7 q X  

1 0 . 6 4 1  
1 C. 7 5 4  
1 n.e;e 

11.127 
1 1 , 2 4 7  
i l . 7 6 6  
: 1 . 4 Q 3  
1 !.bnC 
1!.7!6 
11.91! !' .'?a6 
' 7 . 0 5 C  

! Z . Z R X  

!2.?C? 
1 2 - 5 0 ?  
' 2 .6 !1  

'. 2 .  P ? 6  
! 2.9'2 
' 2 . 3 3 6  
\ ? . ! L O  

13.243 
13 .145 
! 1.4LC 
l?. 5 4 5  
13 .564 
1 ? ) , 7 & !  

1 3 . 9 7 e  
1 4 . 0 2 8  
1 4 . 2 1 4  
!4.395 
' 4.572 
1 4 . 7 4 4  
! L . 9 ! 3  
1 7 . 0 7 6  

~ . 3 7 r  

: 0 . 5 ? 7  

11.0~7 

12.17? 

17 .719 

0.233E O C  
c.713c o c  

0.231F " 0  
c . 7 7 7 ~  nc 

J6) 
0 . 7 C R E  c 1  
C.7CCE c 1  
0.046E C 1  
0.C11E 01 
0.533E C l  
C.559E C l  
0.547E c 1  
0.534E 01 
C.520E C 1  
O.CC2F 01 
C.4CCF c 1  

O.Lb6F C: 
0.42!E 0 1  
C.4CZE C L  
0.3PAE 01 
0 .373c  c 1  
C.'SOE 01 
C.348E c 1  
0 .3386 01  
O.'?PE c 1  
C.371E 0 1  
C.'!2E c 1  
C.?C9F C 1  
C.'CCF C 1  
0.2C3E C! 
0.2P@E c 1  
0.2R!F C l  
O.276E C 1  
C.Z71€ C 1  
0.26hE c 1  
C.260F 0 1  
C.256F  0 1  
0 .7c1F C 1  
C.74hF C 1  
0.240E 0 1  
C . 2 3 C C  c 1  
'2.232E c 1  
0.230E O! 
O.227E c 1  
0 . 2 2 5 =  c 1  
0 . 2 i l F  01 
C.2?0F 0 1  

0.2IF.E c 1  
0 . 2 1 1 F  C 1  
0 . 7 1 1 F  C1 
0 . 2 C O F  C 1  
0.2C6F C ?  
0.2C7E O! 
O.2C1E c 1  
0.1SCF C 1  
0.1q7E 0 1  
O.Lc4F C 1  
0.192E C ?  
C.?50E c 1  
0.109E C 1  
O. lR5F C 1  
0 . 1 Q E E  c 1  
O.?83E C 1  

9 . l q l E  C l  
3.:78c c 1  
0 . 1 7 6 c  C 1  
C.174F C 1  
C.173E C? 
0.1'!E C! 
0.1CqE 01  
O.!t6p C1 
C.Ib.LF C 1  
I . 1 6 1 F  0 1  
0.15FE C 1  
0.:5EE c 1  
0 .1c3c  c 1  
C.!506 0 1  
P . ? 4 P E  c 1  

c.471-1~ CI 

0 . 2 1 e ~  c: 

r . 1 0 7 ~  c i  

62 

ERROR 

0.2365-C1 
0 . 2 2 1 E - 0 1  
O . 2 C F E - C 1  
0.  I S R F - 0 1  
0. I S C E - 0 1  
0 . 1 @ 2 E - C 1  
0.  17CE-C1 
0 .170E-C1 

0 . 1 5 7 F - C l  
0 .157E-C1 
0.145E-C1 
0 .1?7E-C1 
0. !?CE-C1 
0.12!E-C1 
0 . 1 1 5 E - C I  

0.3@5E-C2 
0. PL7E-C2 

C. 7 P  Z F -  CZ 
0.756E-CZ 
0 . 7 2 7 F - 0 2  
0.71 1 E - O ?  
0.687E-C2 
0. Ot aE-02 
O . C 5 2 E - C 2  
0 .  b 2 3 E - 0 Z  
0.61 5 E - C Z  
0.547F-C2 
0. E P l E - C Z  
0.SOCF-02 
0.5ECE-C7 
0. 537E-C2 
0. c24F-C2 
O.?@4F-02 
0 .384E-02 
0.377E-C2 
0 .371 F-C7 
O.?C3E-O2 
0 .35 tE-C? 
0.35CE-C2 
0.7&5E-C2 
0. 3 4 3 c - c 7  
0 . 3 3 P F - 0 2  
0 . 7 3 4 E - C i  
0 .3?1E-C7 
0.3 26  F-Or! 
0 . 3 2 2  F-C? 
0 . 3 1 e F - c z  
O.?!LE-C7 
C.31CE-C2 
0. ?Ob€-02 
O . I C ! E - C Z  
0 .2sFE-02 
0 .255E-07 
0.29+E-C2 
0. 2"SE-C? 
0. 7 Q K E - 0 7  
O.ZP5C-CZ 
C.294C-C:, 
c . 2 9 ~ c - 0 2  
O.?!?OE-C? 
0.27!?F-C2 
0.275E-CZ 
0. ? - !E€-02 

0.2bSE-C2 
0.267C-02 
0 .26EE-32 
0 . 7 t 2 E - 2 2  
0.2CCE-C2 
0 . 2 C c F - C i  
0.273C-C? 
0. ?4SE-C2 
0. 2 4 6 = - C 2  

0. ? C ? E - C I  

0.925 E - c 2  

0.  e 1 3 ~ - 0 7  

0 . 7 7 2 ~ -  c 2  

16) 
-P.ZSSF-Ol 
- C .  5 3 7 E - 0 1  
-0. CSOE-01 
-0 - 6 6 5  E-01 
-0 .60KE-Cl  
-0.5 1 2  E-C! 
-C. 2 5 Q F - 0 1  
-3. ? F O E - 0 2  

0 . 1 4 7 F - C l  
0.2/.3E-C1 
C .  44OF-0 1 
0 .  + 3 7 E - 0 1  
0.3i2F-01 
C.'73F-C1 
C - 7 7 L F -  C Z  
C.711 F - 0 2  
0.?!7E-G2 
c .420€-C3 

-0.178E-CZ 
-0 .154E-02 
-G.?75E-P2 

C .  1 7 2 6 0 7  
-C. E P2E-O? 

O. l ! lF -OI  
C. 5 3 1  F - 0 2  
C .4 ?4E- 0 2  
c .  e40E-C' 
C . 5 7 l E - 0 7  
0 .  7 9 3 ~ - 0 2  
O.F71F-02 
0. S E 6 E - 0 2  
3.407E-07 
~ . ? w + E - c z  
C .  1 1 9 F - 0 2  

-C. lF9F-CZ 
-0.101 E-C1 
-C. 1 4 1 F - 0 1  
- 9 . l ? h E - 0 1  
-9.ShZE-CZ 

-C.741F-02 

-C. 271E-CZ 
C. 7P7c-  04 

- c .7 'a€ - 0 ? 
0 .1q9E-02 
C.450E-02 
0 .377F-02 
C. 2 26 E - 0 7  
0 .934F-03 

-c. 2C7E-04 
-C.522E-C4 
-0.L2OE-07 
- C  . 5  ?9F-C2 
-0 .&16 E-02 
-0 .5K9E-02 

0 .F23E-03 
-C.C59E-CZ 
-0 .252C-02 
-0.215F-C2 

0.912F-C.' 
0.775 E-C 7 

C . 6 1 O E - 0 '  

0.262E-CZ 
G.515F-CZ 
C. Z P I E - C ?  

-C. 206 E -  0 2  
-0.5 5')r-  02  

0. ??2E-C2 
0.424 E- 3 2  
0.3C6E-02 

-C,.747E-02 
P . 6 @ 6 E - O Z  
0.136E- C2 

-r.! I ~ F - O I  

-r .  1roE- 01 

o . ? a i E - n 2  

0 . : 5 n ~ - r 3  

H 2 0  
S*I(S) 

-0 .157E 00 
-0.2C3E C C  
- 0 . 3 P 7 E  c c  
- 0 . 3 P 3 E  00 
-0 .357E c c  

-0.16OE C C  
-0 .24 1 E- c 1  

O.'laE-:! 
0.161E C C  
O.2cRF O C  
0.702E c o  
0.Z27E C O  
9.124E CC 
0 .568F-01 
0.5 '1E-7: 
0.253E-C? 
0 .713E-02 

-0.14 1 E - C I  
-0 .124E-01 
- 0 . 2 6 5 E - 0 1  

0.142E-C: 
-0 .491 E-C7 

0 .954E-Cl  
O.6 t2E-01 
9.3P4E-01 

0.611 E - 0 1  
3 .733E-Cl  
0 .629E-C1 

0 . 3 5 Z E - f l l  
0 . 7 5  5 E- C1 
9.11 7 E - 0 1  

-7 .1P9E-31 
- 0 . l O Z E  00 
- P . l 4 5 E  C C  
-0 .142E C O  

-0.123E 00  
-0 .7C3F-01 
- 9 . l C S E  c c  
-0.2CSE-Oi 

0.876 E-03 
- 0 .  9 3 1 F-0' 

0 .226F-C1 
0 . 5 6 3 E - 3 1  
0.427E-01 
0 . 2 6 5 F - 3 1  
0.11OF-C1 

- 0 . 7 L 9 F - 0 3  
-C.62QE-03 
-9 .146E-01 
-0 .662F-C1 
- 0 . 5 1 6 E - 0 1  
- C . 6 S ~ F - 0 1  

0.104E-C! 
-0 .7CQe-01 
-3 .323E-01 
-0 .277F-C1 

3.407C-C! 
0 . 1 0 2 =  co 

- 0 . 3 1 ~ ~  o c  

0 . 7 5 4 ~ - ~ 1  

0.  R I ~ E - C I  

- n . i o i ~  30 

0. ~ 0 7 ~ 0 2  
o . ~ c ~ E - ~ I  
0 .353F-C1 
0.6C;SE-Ol 
0 . 3 8 6 E - 3 1  

-0 .714F-C1 
0.L t 6 F - 0  1 
9.hChE-0: 
0 . 4 6 1  E - 0 1  

- 0 . ? t 3 E - 0 1  
0 .716E-C1 
0 . 2 0 1 E - 3 ?  
' 7 .7?9F-?2  

-n .2a2E-c1  

200°C 

ERROR 

O.12RE-01 
C. 1 3 2 E - 0 1  
0 .136E-3? 
0 .142E-01 
0 .149F-01 
0.155E-C1 
0 . 1 6 3 F - 0 1  
0.17OE-0! 
C. 1 7 7 E - 0 1  
0 . 1 8 3 E - 0 1  
O. lQOE-01 
0 .195E-01 
0.196E-0! 
C.109E-01 
0 . 1 9 8 E - 0 1  
0 .19SF-01 
C. 1 6 9 E - - 0 1  
0.171 E - - 0  1 
0.172E-0 1 
G.174E-01 
0.176E-0 1 
0.17RE-01 
0.17Ok-O! 
O.163F-01 
0 . 1 9 5 E - 9 1  
0 .18"E-01 

0 . 1 9 1 E - 0 1  
0.1 Q3F-0 1 
C. 194E-0  1 
C.106C-O! 
0 . 1 9 7 E - 0 1  
@ . 1 9 @ F - 0 1  
0.2OOF-0 1 
0. ;OlF-o 1 
C. 1 5 6 E - 0 ?  
0 . 1 5 6 F - 0 1  
c. i 5 @ € - 0 1  
0.15QE-01 
0.161E-0 1 
0 .  i 6 3 E - 1 1  
C . 1 6 3 f - 0 1  
0.166E-01 
0 .168F-01 
C. 1 7 0 E - 0 1  
0 .172E-01 
0.175 i -0  1 
0.175F-01 
0.1 I @ € - @ !  
0.16OE-0! 
C.181F-01 
c. 1 9 3 E - 0 1  
C. 1 8 4 E - 0 1  
O . l @ 5 E - 0 1  

0 .1R8E-01 
0 .191E-01 
0 . 1 9 2 f - 0 1  
0 .195E-01 
0 .  1 9 T c - 0  1 
0 .200F-01 
0.20 3 E-0 1 
0.204E-0 1 
0.207C-C I 
C.21OE-01 
C.212F-01 
3 .216E-01 
C. 2 l 5 E - O i  
0 . 2 1 7 F - 0 1  

0.229:-01 
0 . 2 3 2 F - 3 1  
0.235E-0 1 
0.2*0E-01 
0 .2445-0  1 
i) - 2 4  9 E - 0  1 

c. 1 9 0 ~ - n i  

0.?87~-01 

c. 22 35-01 
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P 

0.0 
0.0= 
0 . 1 3  

0.70 
O.'L 

0. x 5  
0 .40 
0.45 
c. 5c  
P. 5 c  
9.60 
0. .5= 
0.70 
C.T= 
0 . R 0  
C. 0.7 

0.00 
\n.oc 

1.05 
1.10 
1.1= 
1-70 

n.is 

0 . 3 ~  

i . o P  

1 . 7 ~  
1.30 

i . 4 r  
1.25 

1.4q 
1 . 5 0  
1 . 5 c  

1 .Gf? 
' . 6 5  
1.7P 
1 . 7 C  
!.PO 
I .QE. 
1 . Q C  
1.9+ 
7 . C O  

2.QC 

2.10 
7.1E 
?.7O 
7.2= 
2.30  
2.  7 c  

2 .LP  
7.45 

G ( R )  

0.0 
1 . 1 2 1 4  
0.7Sr)R 
0.?5 .R5 
0 . 0 l S 5  

-,I. 1 5 2  3 
- 0 . o a 9 2  

q . 1 ~ ~ 7  

O.hF=f. 
0 .7115  
o.e+;71 
0 . P Z L - 7  
0 . 9 9 ? 4  
0 . 9 C Q Q  
? .0 '6C 
1 .7710  
1 .5756  
I .  q h L 0  
2 . 0 5 5 5  
7 .  1007 
1 . c c 7 -  
1.7793 
1 .4006  

1 . 2 0 7 i  
0 . 0 5 5 3  
9.76<* 
1 . 5 ' L C  
1 . 4 1 4 5  
0.37'5 
0 .7611  

0.1773 
@.lp?F 
0 .  1°07 
3 .1e97  
0.17OC 
0.1400 
Q.10*7 

il. O QOP 
I .  1 3 7 2  
O * 1 7 A 0  
O.lCO! 
3.1'64 
Q.2786 
C.17R2 
7 . l S l C  
0.1954 
0.2246 
0 . Z S 3 0  

0.1135 

n.ogoc 

R 

7 .50  
7.55 
2 . 4 0  
2 . 6 5  
'.7C ' .75 
?.no 
2. Q 5  
7 . 0 0  
7 . 0 5  
2.00 
2-05 
'1.10 
3. I5 
=.'O 
7.2' 
-3.30 
3-34 
7.40 
2 . 1 5  
7.50 
7 . 5 5  
7.cr 
2 - 6 5  
?.7O 
3 - 7 5  
?.SO 
3.P5 
3. "0 
1 .  C E  

4 . C O  
4 . 0 5  
b .  10 
4 .15  
4 .20  
L .  -15 
L .70  
L .  3 5  
4 . 4 c  
4.65 
4.50 
L . ' Z  

4.60 
6 . 5 5  
b .  70 
A .  7 5  
4. a 0  
4 . p 5  
f.. qrl 
b.  9 5  

R 

5 .  c c  
<.e5 
5.1C 
5.15 
5.?C +. 7 5  
5 . 7 c  
E. 3 5  
5.4c 
5.45 
5. S C  
5.55 
5 . C C  
5 . 6 5  
5.70 
5.75 
5.?0 
5 . Q 5  
5 . 7 c  
5 .  5 5  
6. c c  
6. c 5  
6.1C 
E .  15  
5.2'2 
6 . 2 5  
6.30  
6.35 
6 - 4 0  
E.(+5 
6. 'C 
6.55 
6 . A C  
6.65 
t. 7c  
t. 7 5  
6 .  a c  
6.9': 
6.CC 
6 .  $ 5  
7. cc  
7 . c 5  
7. IC 
7 .15  

7.25 
7. '0 
7.35 
7.40 
7 . 4 5  

7 .70  

63 
H2° 

ERROR IP) S*I(S) 
c. 2 4 3 ~ - 0 2  -r.iSoE-c3 -0 .229€-0? 
0 . 2 4 1 F - 0 2  -0.639E-0' -0.983E-02 
O . f 3 8 F - 0 2  0.256F-02 0. 3GRF-01 
0.2'6E-CZ C.679f-CZ 3 -75ZE-Cl  
0 . 7 ? 3 F - C 7  0.773E-CZ 0.122F 00 
0.7 3C E- C 7  C .2 Z 4 E -  0 1  0.2 5 R E -  C I  

H20 
G(PI 

0. Q6P5 
0.9560 
0 .  = L a c  
O . S L 1 i  
c. 9 7 6 6  
G."c19 
1 . r 0 0 1  
0 . 4 s e t  
0. c e c 7  
0.57G4 
0. '74C 
0.476F 
0.Ce7C 
1. C C O 6  
?. c 1 2 1  

1. '2704 
1 .0187  
1.CltE 
1.01" 
t.Cf55 
1.C151 
2.c130 
?. CC9L 
I . C O 5 r t  
I. C 0 7 S  
l.CC32 
1.CC6C 
:.COC5 
1 . 0 1 2 1  
1.012P 
1.CllC 
1.0110 
1.0114 
1.012s 
I.Cl6C 
? . C l Z 2  
1 . ?Ob i  
0 . 5 G 6 6  
0 . 9 8 6 4  
0.979P 
0 .4797  
O . ' j P C 5  
0. S572  
1.CC71 
1.c120 
1 . C l 0 6  
1 .0047  
f l . S G P R  
0 . 4 9 7 1  

i.ri9q 

R 

7 . 5 0  
7.55 
7.60 
7.05 
7.7c 
7.75 
7.RC 
7.85 
7.9c 
7 .05  
Q . O C  
9.0: 
e.10 
e . i c  
Q . Z C  
Q . 2 C  

?.?e 
Q.35 
9.LC 
8 - 4 5  
n.5c 
9 . 5 5  
?.bC 
R . 6 5  
?.?C 
8.75 

Q.R5 
R . 3 C  
9.95 
';.GO 
4.05 
9.1C 
=.15 
5.2C 
9.25 
9.7c 
C.75 
5-40 
" - 4 5  
Q . K C  
q.55 
5 . t C  
Q.65 
7.7c 
1 . 7 5  
Q.9C 
5 . 9 5  
9.oc 
9.95  

q.ac 

2000c 

ERROR 

0.2525-01 
0 .256F-OI  
0.260E-0 1 
0.7 64E-0 1 
C.2h7E-0 1 
0.26FIE-01 

200°C 
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