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This problem involves  solving the equat ions of mot ion  for a l l  in-  
te rac t ing  par t i c les  if  i t  is t rea ted  from the v iewpoin t  of c l a s s i ca l  m e -  

chanics .  The problem can  be  s impl i f i ed  in ce r ta in  instances  [ 1 - 3 ] ,  
e. g . ,  by considering the atoms of the solid as independent  ha rmonic  
osci l la tors  [2] ,  which gives  a correct  p ic ture  if the col l is ions  are not 
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prolonged.  An a t t emp t  has been  m a d e  [3] to t ake  account  of the ef- 

fects of ad jacent  l a t t i c e  a toms on the gas -so l id  in te rac t ion .  In this 

case, the mot ion  of not  more  than six a toms of the solid was discussed. 

The l imi t s  of app i i ca t ion  of these s impl i f ica t ions  wi l l  not be  e x a m i n e d  

here,  but  we note  that  i t  is necessary to t ake  into account  the bonds 

be tween atoms in the solid when the gas -so l id  col l i s ions  b e c o m e  pro- 
longed.  The exac t  number  of bonds is dependent  on the de t a i l ed  con-  

ditions. 

One method of s imp l i f i ca t i on  is to consider an equ iva l en t  planar  

mode l  for the solid,  which subs tant ia l ly  reduces the vo lume  of ca l cu -  

lat ions.  Here the gas-sol id  in terac t ion  is described v ia  a m o d e l  pre-  

viously proposed [1] ,  with revis ion of: 1) the cho ice  of number  of 

atoms needed in the descr ipt ion,  2) the def in i t ion  of the pa ramete r s  

in the po ten t i a l  for i n t e rac t ion  of the atoms in  the solid,  and 3) a l -  

lowance  for the effects  on the gas atoms from atoms in the solid not 

loca ted  in the p lane  of mot ion .  

w PLANAR MODEL 

a) The bas ic  pa rame te r  is the shortest d is tance  a be tween  atoms 

when a solid is represented as a planar  square l a t t i c e ,  and this is de-  
pendent  on the pa rame te r s  of the ac tua l  spat ia l  l a t t i ce .  We shal l  con-  

sider the re la t ion  of the exchange  coef f ic ien t  to u. 

b) The l a t t i c e  atoms are assumed to have  pair  in te rac t ion  v ia  a 
Morse po ten t ia l :  

U (r) = D [e -~(r-/)) - -  2e -e(r-b)] , (1.1) 2 

In which r is the dis tance  be tween  par t ic les  and b, c, and D are pa-  

rameters .  Each surface a tom in terac ts  with f ive  neighbors,  and each  

in ternal  one wi th  e ight  (Fig. 1). if we use pa ramete r s  defined for the 

space l a t t i c e  [4] ,  charac te r i s t ics  such as the b inding  energy wi l l  differ 

g rea t ly  be tween the planar  and spa t ia l  models .  We therefore der ive  

the parameters  on the basis of equ iva l ence  of the pa ramete r s  at  the 
surface in the two cases, as follows: 

1) A l a t t i c e  a tom is at i ts  equ i l ib r ium posi t ion in the absence of 

in terac t ion  with a gas a tom (sum of the forces on an a tom equal  to 
zero).  

2) ESZ (binding energy of a surface atom in the planarlattice)should 
be  equa l  to Ess (that energy for the space la t t ice) .  

8) The period of v ib ra t ion  rn2 of a surface a tom in any d i rec t ion  

( e . g . ,  normal  to the surface) should equa l  ms ,  the same  for the space 
l a t t i c e  in the same di rec t ion .  

These conditions correspond to the equations 

e-2O (a V~Ub) _ e-~ (a M - b ) + 1  h ] / ' ~  [e-~C(a-b) __ e-C(a-~) ]  = 0 , 

2c'D I2e-2c(a-b) ( l - -  ~ ) - -  e-C(a-~) ( l - -  ~ )  - ~- 

+ e-sc(~ eGb) (2-- 2~c2 ) -- 

__ e-c (a  V~-b) (\t TSn2 , 

]2D [e -2c(aV2-b)  - -  2e-C(al/2-b)]  @ 

+ 3D [e -2c(a-b) - -2e  -Xa-b)] ! ----- Ess , (1.2) 

in which M is the mass of an atom in the body; this system is to be 

solved for b, c, and D. 

c) We der ive  the pa ramete r s  of the po ten t i a l  for in te rac t ion  be-  
tween  the solid and gas  a toms v ia  the combina t ion  pr inc ip le  [5 ,6 ] ,  

which may  be  fo rmula ted  as follows for a Morse po ten t ia l :  

Dij2 =~ DiiDdi , 2cij -1 = c~i-1 + cjj -1, 2b~j = b~ _u bd~. (1.3) 

If the subscripts are the same,  the in te rac t ion  is that  of a toms of 

the same kind. 
d) A f in i t e  number  of a toms in the solid is to be  used because  the 

number  of equat ions increases  wi th  the number of a toms,  and hence  

also does the computer  t i m e .  On the other hand, the number  of atoms 

must  be la rge  enough for t > T, in which t is the t i m e  t aken  for a per-  
turbat ion genera ted  at  the surface to propagate  through the atoms and 

be re f l ec ted  at  the far boundary to the surface,  whi le  r is the duration 
of the in te rac t ion  be tween  solid and gas atoms.  In that  case,  a gas 

a tom ref lec ted  from the surface reaches  the zone where the in teract ion 

wi th  the surface is weak  before  the re f lec ted  per turbat ion reaches  the 

surface.  Obedience  to t > z is dependent  on the rat io x = m / M ,  In 

which m is the mass of a gas a tom, as we11 as on such factors as the 

angle  of i nc idence  fi, the  i n i t i a l  ve loc i ty  vo of the gas a tom, the in-  

t e rac t ion  parameters ,  e tc .  Other condit ions be ing  the same,  r and x 

increase  together ,  and so h igh  x means  that  many  l a t t i c e  layers have  

to be considered.  For ins tance,  i f x  ~ 0.5 and v0 ~ 106 c m / s e c ,  three 

or four layers  suffice to describe the in terac t ion ,  whi le  for x = 0.5 the 

energy should be  such that  a surface a tom cannot  escape from the l a t -  

t i ce .  We also have  to choose the number of a toms in  a layer .  For an 

ang le  of i nc idence  $ (Fig. 1) and for an in i t i a l  d i rec t ion  lying in the 

zone  passing through the centers  of atoms 1 and 2, we have  the in i t i a l  

v e r t i c a l  coordinate  Y0 = x0 cot ~5 in the worst case,  where x 0 is the dis- 
tance  from a tom 2 to the end of the upper layer .  Here we must have  
Iu(yo)[ << E0, in which E 0 is the i n i t i a l  k ine t i c  energy and U(y 0) is the 

po ten t i a l  energy in the f ie ld  of the solid. Then the number  n of a toms 

in a layer  is deduced from n = 2x0/a, in which a is the pa ramete r  of the 

planar  l a t t i c e .  It is c lear  than n increases with /~, but the in terac t ion  

wi th  the solid is weak  when ;5 is large,  and so we can restr ict  con- 

s iderat ion to fewer layers .  In the present case,  we have  taken  three 

layers  of six a toms each for B -~ 60 ~ or one layer  of 12 atoms for 

60 ~ ~ / B  " .<80 ~ . 

e) The gas a tom is also inf luenced by atoms in the solid not lying 
in the p lane  of mot ion  of the gas a tom.  The po ten t i a l  energy and force 

decrease  very  rapid ly  as the dis tances increase ,  so we need consider 
only a few layers  in depth and a few layers  l a te ra l ly .  We assume that  

these add i t iona l  a toms do not  move  during T. Here we consider two 

layers  in depth and two layers  to lef t  and right.  
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w RESULTS AND DISCUSSION 

Consider  the a c c o m o d a t i o n  coe f f i c i en t s  for  e n e r g y  and  m o m e n t u m .  

That  for the ene rgy  is 

c~ = I - -  <v~> / Vo 2 , ( 2 . 1 )  

in w h i c h  <v2> is the m e a n - s q u a r e  speed of a gas  a t o m  af te r  co l l i s ion ,  

wh i l e  v n is the speed before  col I i s ion .  The  a c c o m m o d a t i o n  coe f f i c i en t s  

o and  o '  for the  n o r m a l  and t a n g e n t i a l  c o m p o n e n t s  of the  m o m e n t u m  

are  

= (vn> / %,  c '  = <v~> / v o , (2.2) 

in w h i c h  <v n )  and  ( V r )  a re  the  m e a n  n o r m a l  and  t a n g e n t i a l  c o m p o -  

nents  of the g a s - p a r t i c l e  v e l o c i t y  a f te r  co l l i s ion .  The  a v e r a g i n g  is pe r -  

f o rmed  wi th  r e spec t  to p a r a m e t e r  p (Fig. 1) v i a  

�89 �89 

Phe sign of v r is dependen t  on the  d i r ec t ion  of e scape  r e l a t i v e  to 

the  o r ig ina l  d i r ec t ion  (posi t ive  if  the  d i r ec t ion  is r e t a ined ) .  

We now cons ider  the  i n t e r a c t i o n  of a n i t rogen  m o l e c u l e  wi thou t  
a l l o w a n c e  for the  i n t e rna l  degrees  of f r e e d o m ,  the  solids b e i n g  m o l y b -  

d e n u m  and iron (M of 96 and 56).  The  p a r a m e t e r s  of the  i n t e r a c t i o n  

p o t e n t i a l  for the  a toms  in the  solid were  der ived  v i a  (1.2) for  the  fo l -  

lowing  va lues  of a ,  b ind ing  ene rgy  E s of a sur face  a t o m ,  and  per iod  of 

v i b r a t i o n  % .  

1) M o d e l l ( M o ) ,  E s = 6 . 7 6 2  eV [ 7 ] ,  r n = 1 . 9  �9 10 -is sec ,  a =  

= 3 .14 ~ ,  the  las t  b e i n g  the  cons tan t  for the space  l a t t i c e  [ 8 ] .  Solu-  

t ion of (1.2)  g i v e s D  1 = 1 . 8 8 8 6  eV; e, = 1 .4153 . 108 c m  - t ,  b l  = 

= 3 . 2 5 8 8  k. 
2) Mode l  2: E s = 6 .762  eV; r n  = 1.9 �9 10 - is  sec; a = 2.85 .~. Then  

D 2 = 1 .8344  eV; c a = 1 .4032 �9 10 s cm-*;  b z = 2.9845 .~. 

3) Model  3 (Fe): E s = 4 .192  eV [7] ;  Vn = 1.6 . 10 -*s sec; a = 2,852x, 

The cons tan t  for the  space  l a t t i c e  of Fe is 2.86 ,~ [ 8 ] .  The p a r a m e t e r s  

of the  po ten t i a l  a re  Ds = 1 .1889 eV; Ca = 1 .6552 " 10 s c m - * ,  ha = 
= 2 .9434 A.  

Formulas  (1.3) a te  used wi th  the  p a r a m e t e r s  of the  i n t e r ac t i on  po-  

t en t i a l s  for i d e n t i c a l  a toms  [4,  9] in order  to d e t e r m i n e  the p a r a m e t e r s  

of the  gas - so l id  i n t e r a c t i o n  po t en t i a l .  We have  

1) Nz-Mo i n t e r a c t i o n  U: D = 0 .0964  eV; c = 1 .5223 �9 i08 c m - i ;  

b = 3 . 5 0 3  ~. 
2) Nz-Fe in te rac t ion  U';  D' = 0.0692 eV, c'  = 1.46 . 10 ~ cm-~; b'  = 

= 3.437 A .  

a) N o r m a l  i n c i d e n c e .  He re  we h a v e  cons ide red  the  d e p e n d e n c e  of 

the  e x c h a n g e  coe f f i c i en t s  on the fo l lowing :  1) mass  ra t io ,  2) l a t t i c e  

p a r a m e t e r  a, 3) c h a r a c t e r i s t i c s  of the  solid,  4) g a s - s o l i d  i n t e r a c t i o n -  

p o t e n t i a l  p a r a m e t e r s ,  5) i n c i d e n t  ene rgy .  Results are  g iven  be low for 

a and o as func t ions  of ~4 for  m o d e l s  1 - 3 ,  with U t aken  as the gas -  

solid po t en t i a l  for mode l s  1 and 2, and U' for 3.  For -,~ of 0 .15 ,  0 .3 ,  

s 
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and  0 .4 ,  E 0 was  14.5 eV, wh i l e  the  ene rgy  of the  a t o m  was E0/2 for 

z = 0 .5 ,  b e c a u s e  in tha t  case  the  sur face  a t o m  is d e t a c h e d  for c e r t a i n  

va lues  of p if the  ene rgy  is E 0, wh ich  a f fec t s  the  r e f l e c t e d  gas a t o m .  

• = 0 . t 5  0 .3  0 .4  0 .5  

ct = 0 . 4 3 7  0 .682 0.7,)t  0 .837 (model 1) 
= 0 .  686 0 . 5 t 6  0 .422 0. 370 

c~ = 0 . 4 t  3 0. 658 0. 764 0. 837 (model 2) 
= 0 . 7 0 7  0 . 5 4 4  0 .454 0 .374 

c~ = 0 . 4 4 8  0 .699 0 .803 0 .838 (model 3) 
= 0 . 6 9 t  0 . 5 t 4  0 .417 0 .379 

The  results for  m o d e l s  1 and 2 show tha t  a inc reases  wi th  a for  a 

g i v e n  gas - so l i d  i n t e r a c t i o n  p o t e n t i a l .  If ~ = b/u,  in w h i c h  b is the  p a -  
r a m e t e r  Of t ha t  p o t e n t i a l ,  we  c a n  t r a c e  the  v a r i a t i o n  in  a wi th  ~. Mo-  

O ,~O 60  90  

Fig.  3 

del  1 g ives  vj 1 = 1 .11,  wh i l e  m o d e l  2 g ives  ~z = 1 .23.  This  10% c h a n g e  

in n involves  a 6% c h a n g e  (at  most )  in a (for z = 0.16) and to a c h a n g e  

of 7~ (at  most)  in o (for z = 0.4).  Also,  d a / d ~  is n e g a t i v e ,  whereas  

do /d~  is pos i t ive .  

The  fo l lowing  a re  results for a and  o for  mode l s  2 and 3, wh ich  

differ  in p h y s i c a l  p rope r t i e s  (b inding  ene rgy ,  pe r iod  of v ib ra t ion)  but  

w h i c h  bo th  h a v e  a = 2.85 A.  Po ten t i a l  U' has been  used.  

= 0 . 3  0 .4  0 .5  
c* = 0 .  692 0 .794  0. 821 (model 2) 

= 0 . 5 2 i  0 .427 0.401 

c~ = 0 .  639 0 .803 0. 838 
= 0 . 5 1 4  0 . 4 t 7  0 .379 (model 3) 

The  c h a n g e s  in c~ and  o a re  5% at  the  mos t .  The  results for modeI  

2 wi th  the two po ten t i a l s  are  as fo l lows :  

x = 0 . 3  0 . 4  0 .5  
~z = 0 . 6 5 8  0 .764  0 .837 (potential U) 

=0.544 0.454 0.374 

= 0.692 0.794 0.821 
:--0.521 0 .427 0 .40 t  (potential U') 

The d i f f e r ence  in a and  o ar ise  here  f rom the  i n t e r a c t i o n  p o t e n -  

t ia l s ,  s ince  the ~ differ  by only  abou t  2.5% (1.28 for U, 1.20 for U') .  

The  a for U' are  h igher  than  tha t  for U for x of 0.3 and 0 .4  s ince  the 

gas  a tom in the first  case  c o m e s  c loser  to the  sur face  (D' < D), b e -  

cause  the  equ ipo t en t i a l s  for the gas - so l id  i n t e r a c t i o n  have  deeper  wells  

for U ' ,  wh ich  increases  the  scope  for m u l t i p l e  col l i s ions ,  For z = 0.5 

the  m a i n  pa r t  is p l a y e d  b y  the  f a c t  t ha t  the pe r tu rba t ions  in the  l a t t i c e  

are  l a rge ,  the fo rm of the equ ipo t en t i a l s  a l ters  dur ing  the i n t e r ac t i on ,  

and the c h a n g e s  in cx and o ar ise  b e c a u s e  the r e f i e c t e d  gas  a t o m  has to 

o v e r c o m e  a sma l l e r  p o t e n t i a l  ba r r i e r  in the  case  of U ' .  

The fo l lowing  results g i v e  a as a f u n c t i o n  of E0: 

z = 0 .292 0 . 4  0 .5  
ct = 0 .682 0 . 7 9 t  - -  (s0=14.5 eV) 

= 0.6~9 0 .76 l  0 .837 (Eo= 7.25 eV) 
u = - -  - -  0 .830  (Eo= 4.83 eV) 
:~ = 0 .653 0.7~)0 - -  (Eo= 3.625 eV) 

The c h a n g e  in a in this r a n g e  of E0 does not  e x c e e d  5%.  

b) Ob l ique  i n c i d e n c e .  Figures  2 and  3 show a and o as func t ions  of 

5 as fol lows:  1) z = 0 .292,  p o t e n t i a l  U, E 0 = 14.5 eV, m o d e l  1; 2) x = 

= 0 .5 ,  U ' ,  E0/2, m o d e l  3.  The  results for  o '  a t e  as fol lows:  

= 1 5  ~ 30 ~ 45 ~ 69 ~ 70 o 80 ~ 
~' - -  0.10O (5. 340 0 .510  0.73~ 0 .886 0 .972 (z=0.292/ 
~" = [ ) . l i i t  0 .342 0 .508 0.7~2 0 . 8 8 i  0 .962 (• 

The d i f fe rences  f rom [10]  are  l a rges t  for g > 60~ in our case ,  a 

and  o a re  s m a l l e r  b y  fac tors  of 1 .8 . -2 ,  w h i l e  our o '  is s o m e w h a t  l a rge r  
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[ 1 0 ] .  The  d i f f e r e n c e  b e t w e e n  the p l a n a r  and spa t i a l  p rob lems  a lone  is 

i n su f f i c i en t  to  exp l a in  the  d i f fe rences ,  s ince  c lose ly  s imi la r  results for 

the  two p r o b l e m s  a re  o b t a i n e d  in a m o d e l  of c l o s e - p a c k e d  ha rd  spheres 

[ 1 0 ] .  In ~ e  l a t t e r  ca se ,  the  r a d i i  of  the  a toms  in  the  sol id are  i nde -  

Fig.  4 

penden t  of 6 .  In the  m o d e l  wi th  po t en t i a l s ,  a gas  a t o m  app roaches  the  

sur face  to a d i s t ance  d e t e r m i n e d  b y  E 0. The  n o r m a l  c o m p o n e n t  of the  

v e l o c i t y  decreases  as B increases ,  and so tha t  d i s t ance  increases .  The  

equ ipo ten t i a l s  co r respond ing  to low energ ies  a re  smoother  than  those 

for h igh  energ ies ,  so the re  is less ene rgy  and  m o m e n t u m  e x c h a n g e  at  

l a r g e  g In the p o t e n t i a l  m o d e l  than  in the  h a r d - s p h e r e s  m o d e l .  This  

e f f ec t  would  cor respond to v a r i a t i o n  of the radius  wi th  5 in the  h a r d -  

spheres m o d e l .  

The  fo l lowing  resuks  are  for a ,  o,  and o '  as func t ions  of a (or 71) 

for mode l s  1 and 2 (po t en t i a l  U, E0 = 14.5 eV, 3r = 0 .292 for m o d e l  1 

and ~ = 0.3 for m o d e i  2): 

-- 15 ~ 30 ~ 45 ~ 69 ~ 70 ~ 80 ~ 

M o d e l 1  
~ = 0 . 6 3 2  0,523 0.426 0.2~9 0A05 0.031 
G-- 0.536 0.543 0,5t6 0.475 0,328 0,t58 
d '= 0.100 0.340 0.5t0 0.739 0.886 0.972 

Model  2 

a ~ 0 . 6 t 8  0 .518 0 .424 0 . t 8 5  0.089 O.b3t 
= 0 , 5 5 2  0.539 0 .524 0 .426 0 .307 0 .144 

a ' = 0 . t 6 0  0 .390 0 .526 0 .793 0 .903 0 . 9 7 4  

This  shows tha t  r educ t i on  in a ( inc rease  in ~) a f fec t s  the  a c c o m o -  

da t ion  coef f i c i en t s  as does i n c r e a s e  in ~.  The d i f fe rences  a re  la rges t  

for o '  a t  s m a l l  ~ (15 and 30~ 

w INTERACTION OF MOLECULES WITH THE SURFACE 

We now cons ider  the  ef fec ts  of  i n t e rna l  deg rees  of f r e e d o m  on  the  

a c c o m m o d a t i o n  coe f f i c i en t s .  It has b e e n  shown [ 1 , 1 1 ]  t ha t  i ne l a s t i c  

losses c a n  occu r  when m o l e c u l e s  co l l i de  wi th  the  sur face .  

a) We m a k e  the fo l lowing  assumpt ion  in order to d e t e r m i n e  the 

p a r a m e t e r s  for the  i n t e r a c t i o n  of the a toms  in a m o l e c u l e  wi th  some 

other  a tom:  the  po ten t i a l  U for t ha t  i n t e r a c t i o n  is the sum of t he  po -~ 

ten t ia l s  for the i n t e r a c t i o n  of the a toms in the  m o l e c u l e  wi th  the  third 

a t o m ,  the  sum be ing  a v e r a g e d  over the or ien ta t ions  of the  m o l e c u l e :  

U = (2 U*) ,  (3.1) 

in which  ( > denotes  the  a v e r a g i n g .  

The  fo rm of U* is tha t  of (1.1),  and  we need  three  condi t ions  in 

order  to d e t e r m i n e  the  three  p a r a m e t e r s  of U*" 

1) <2 u*>lr= b = - D  when the d i s t ance  r b e t w e e n  the  cen t e r  of the  

m o l e c u l e  and  the  th i rd  a t o m  is b; 

2) The  de r i va t i ve  of <2U*> wi th  respect  to r is zero  for  r = b; 

3) <2U*> = 0  for r = b  - c -r 1112. 

The r e l a t i on  of U to (2U*) has b e e n  f o r m u l a t e d  for the case  of r 

r easonab ly  l a rge ,  where  the s h o r t - r a n g e  forces  a re  not  dec is ive .  These 

condi t ions  g ive  us the fo l lowing :  

1) N - ~o  ( ~ ) :  

D~* = 0.0593 ev; c~* = 1.5356 �9 t 0  s cm' t ;  b~*= 3.3226 A ,  

2) N - Fe  (u~): 
D2* = 0 .04t9  eV; c2' = t . 4734 .10  s cm' l ;  b 2 * =  3.2642 A .  

The po ten t ia l s  U and U' h a v e  b e e n  de t e rmIned  in w for  the in ter -  

ac t ion  of N 2 ( t aken  as a whole)  with Mo and Fe. 

b) Let a '  b e  the  ra t io  of E' ,  the  t r an s l a t i ona l  ene rgy  of the  cen te r  

of mass  of the  m o l e c u l e  a f te r  co l l i s ion ,  to E0 : 

a '  = E '  [ Eo .  (3.2) 

Let  a*  b e  the f r ac t ion  of E0 t h a t  is conve r t ed  to ene rgy  of in te rna l  

mo t ion :  

T+U+--Uo, 
a* = E0 (3.3) 

in wh ich  T is the k ine t i c  ene rgy  of the r e l a t i ve  m o t i o n  of the a toms  in 

the  m o l e c u l e ,  wh i l e  U 0 and U + are  the  po t en t i a l  energ ies  of those 

a t o m s  before  and af te r  co l l i s ion .  

Then o and o '  are  de f ined  as for an  a t o m ,  

Y~I VT 
6 =  - - ,  6'  = - -  , (3.4) 

VO YO 

In wh ich  v n and  v r a re  the  n o r m a l  and t a n g e n t i a l  componen t s  of the  

v e l o c i t y  of the  cen t e r  of  mass  of the  m o t e c u l e  af ter  co l l i s ion ,  wh i l e  

v0 is the  v e l o c i t y  of the  m o l e c u l e  be fo re  co l l i s ion .  The  def in i t ions  of 

(3.2) and (3.3) are  c o r r e c t  on ly  when the m o l e c u l e  af ter  co l l i s ion  st i l l  

exists as a s ingle  enti ty;  if d i s soc ia t ion  or adsorpt ion  occurs ,  the  de f i -  

n i t ions  mus t  be  a l t e red  [1 ] .  The f r ac t i on  of the ene rgy  conve r t ed  to 

hea t  is 

ct = t - -  :t ' - -  ~* . (3.5) 

The coe f f i c i en t s  are  c a l c u l a t e d  b y  a v e r a g i n g  over  the  i n i t i a I o r i e n -  

ta t ions  of the  m o l e c u l e  ( ang le  ~0) and wi th  respec t  to p; ~0 was va r i ed  

f rom 0 to 180 ~ by steps of 30% with  steps Ap of 0.15 ~ ( the square  in 

m o d e l  1 has a 1 = 3 . 1 4 / ~ ,  wh i l e  m o d e l  2 has a 2 = 2.85 ~ ) .  Formula  

(2.3) is used for the  a v e r a g i n g  wi th  respect  to p, with i n t eg ra t i on  re -  

p l a c e d  by  s u m m a t i o n  in v iew of the  d i sc re te  steps in p. The  a v e r a g e d  

results are  denoted  by  <~), (o ) ,  (u ' ) .  

I n t e rac t ion  of N z wi th  Mo ( m o d e l  1) for  E0 = 14.5 eV (x = 0.292) 

g ives  

[5 = 0 ~ - -  (~-') = 0.270, (~*)  = 0.091. 

<a> = 0.639, ( a )  == 0 .468 ,  

= 30 ~  i n ' }  = 0.396, ( a * )  = 0A38, <a> = 0.466, 

(~} ~ 0.503, <v') = 0 .307,  

= 60 ~  <a'> = 0_763, (a*)  = 0.056. ( a )  = 0 . t 8 1 ,  

< 6 5 = 0 4 2 2 ,  ( ~ ' ) ~ 0 . 7 5 8  

S i m i l a r l y ,  N 2 wi th  m o d e l  3 (E 0 = 7.25 eV, x = 0.5) g ives  

= 0~ ( a ' )  = 0.155; ( a * )  = 0.059; ( a )  = 0.786; 

( ~ ) = 0 . 3 3 6  . 

In bo th  cases  the m o l e c u l e  before  co l l i s ion  is in the  g round  s ta te .  

In the case  of i n t e r a c t i o n  of the m o l e c u l e  wi th  m o d e l  1, the ene rgy  

conse rva t ion  iaw is obeyed  ve ry  precise ly;  m o d e l  3 involves  l a rge  per -  

tu rba t ions ,  so the  conse rva t ion  law is obeyed  only  to ~ 2 % .  

t h e  results for m o l e c u l e s  and a toms  g ive  not  m o r e t h a n  12% c h a n g e  

In <o> and  <o'>, wh i l e  the  m a x i m u m  d i f f e rence  (20%) In <a> occurs  

for  ~ = 60 ~ For m o d e l  3 (N2-Fe), the d i f fe rences  in <a> and <(r> for 

n o r m a l  i n c i d e n c e  are  6.5 and 3 .5%,  r e spec t i ve ly .  

Figure  4 shows the  s ca t t e r ing  l nd i ca t r i c e s  for m o l e c u l e s  for: 1) ~ = 

--- 0, 2) ~ = 60 ~ cons t ruc ted  by  r e f e r ence  to 182 loc i  for  e a c h  ang le  

(mode l  1, E a = 14.8 eV). 
W e  are  indeb ted  to  M.  N. K o g a n  and  V. 8. G a l k i n  for a discussion.  
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