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On the sub l iming  s u r f a c e  of a s e m i - i n f i n i t e  sol id  
body the t e m p e r a t u r e  Ts = eons t  and the g r a d i e n t  ~o(t) 
a r e  g iven,  t o g e t h e r  with the t e m p e r a t u r e  at inf ini ty  
T O = cons t  and the in i t i a l  t e m p e r a t u r e  d i s t r i bu t i on .  
These  condi t ions  a r e  suf f ic ien t  for  f inding the t e m p e r a -  
tu re  d i s t r i b u t i o n  T(x, t) and the l i n e a r  r a t e  of s u b l i m a -  
t ion when t > 0. In a s y s t e m  of c o o r d i n a t e s  r e l a t e d  to 
the s u r f a c e ,  the p r o b l e m  has  the f o r m  

OT O~T OT 
= a - - + u - -  T ( O ,  t ) = T .  

dt Ox ~" Ox ' 

OT 
- - - - ( 0 ,  0 = %  r ( . ~ ,  t ) = r o .  (1) 

dx 
The in i t i a l  condi t ion  has  not been  wr i t t en  in (1) only 
b e c a u s e  i t  i s  not  r e q u i r e d  for  the a sympto t i c  solut ion.  

F o r  the case  ~ = eons t ,  the H e r t z - M i c h e l s o n  so lu -  
t ion is wel l -known:  

T - - T ~  ~ exp x u - -  

T s  - -  T O ' T ~  - -  T o 

In the case of slowlyvarying q) it is convenient to 

introduce the notation 

a ~ ( t )  s T - - T ~  exp ( - - ~ % x )  
u~ (t) T~ - -  T o ' = T ~ - -  T o , ~ ' 

t 

t U~dt ,  ~ =  u'~ x. ~]=-, a a 

o 

Then (1) t akes  the f o r m  

O~_~ ( ~ _ ) O s  0-~ ( u 

o~ + a ~ - -  ~ ~ - - -  + o ~ 0 u~ 

+ l ) e x p ( - ~ ) ,  e(O, ~ l ) = ~ ( O , ' q ) = .  

= e ( c o ,  ~1) = O, ( 2 )  

u u_=:  l + a + ,  as ~. 
d~l 

0 

The expression for u/uq0 was obtained by integrating 

the equation with respect to ~ from 0 to ~. 
We shall seek e in the form 

~ = exp ( - -  ~ ) ' ~  c~.(.O @ ! . (3) 
k=2 

Substituting (3) into (2), and equating coefficients of 

like powers of ~, we obtain a system of equations for 

Ok: 

c., -'- 1 - -  u / %  = O, c2 ( 2  .... u/uo)  - -  c.~ - -  ~ = O, 

c'k I c~, (~ k -~- ll,,'lz - -  1) - -  ~ cs,--~ -F k (2 - -  u lu  ) el+ ~ - -  

.-- k ( k  -I- 1) cl<+~ := O, 

u l %  = 1 + a -!- ~ (~ cl< - -  c;). 

#==2 

(4) 

F o r  s low v a r i a t i o n  of cp, s y s t e m  (4) is  equ iva len t  
to a s y s t e m  with a s m a l l  p a r a m e t e r  in the p r e s e n c e  
of d e r i v a t i v e s .  

As  r e g a r d s  the a r g u m e n t  t,  th i s  r o l e  wilI be p l ayed  
by the quant i ty  a / u ~ ,  which m u s t  be s m a l l  in c o m -  
p a r i s o n  with the c h a r a c t e r i s t i c  t ime  of v a r i a t i o n  of m 

l 

or u~p: 

a d hi u m 
tt~ dt 

We may  s e e k  an a sympto t i c  so lu t ion  when a/u~~ 
dimWen - 0 in the f o r m  of a p o w e r  s e r i e s  in a / u ~ .  In 

s i o n l e s s  v a r i a b l e s  th is  wil l  s i m p l y  be a s e r i e s  in the 
d e r i v a t i v e s ,  which we find by s u c c e s s i v e  a p p r o x i m a -  
t ions .  In the second  a p p r o x i m a t i o n ,  r e s t r i c t i n g  a t t en -  
t ion to quant i t i es  of the  o r d e r  c~ 2 and c~', we have 

Then the l a s t  f o r m u l a  of (4) g ives  

u /u  = 1 +~- + ( a  2 - c d )  ~- (a : l -  4cza' -: 2a") _- ..., 

o r  in d i m e n s i o n a l  v a r i a b l e s  

~, _ ~ +  a (dlH% I 
Hq, H2 I - ~ ]  

\ ~ - d ~ - : -  ~ ) - -  2O 
d 111 u d ~ ]tl tl<r 

df dl ~ 

d a ]I] tl q'l + 2 ~ i ~ -  j + .... (5) 

To any a c c u r a c y  of o r d e r  o~, Eq. (5) is  we l l -known 
as  the Z e l ' dov i c h  fo rmu la .  
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