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By considering the fluctuations in a system it is shown that it is pos- 
sible to introduce the concept of time of total cessation of the relaxa- 

tion process and to determine the value of the limit velocity of a 

monotonic process below which the process becomes quasi-steady. 

In s tudying any p r o c e s s  of e s t ab l i sh ing  the steady 
s tate ,  it is gene ra l l y  n e c e s s a r y  to operate  with a con-  
cept of r e l axa t ion  t ime  % which, as is well  known, is 
the t ime  i n t e rva l  on e lapse  of which the in i t ia l  p e r t u r -  
bat ion is r educed  by a factor  of e. In addit ion,  p a r t i -  
cu la r ly  in textbook l i t e r a t u r e ,  it is s t r e s s e d  that the 
m a t h e m a t i c a l  p r o c e s s  of r e l axa t ion  is concluded af ter  
an Inf ini te ly  g r ea t  i n t e rva l  of t ime.  At the s ame  t ime  
it is obvious that the r e l axa t ion  ceases  within a com-  
ple te ly  p red i c t ab l e  f ini te  t ime.  Moreover ,  the t ime  of 
total  c e s sa t i on  of r e l axa t ion  is occas iona l ly  employed 
in ca lcu la t ions  [1], although no c l ea r  defini t ion of this  
concept ex is t s .  It s e e m s  to us that  a r i go rous  phys ica l  
foundat ion for this  quant i ty  can be given and it should 
be poss ib le  to indica te  a method for  f inding this  quan-  
t i ty by giving cons ide ra t i on  to the f luc tuat ions  in a s y s -  
tem.  We note  that  other  pu re ly  t echn ica l  f ac to rs  a re  
pos s ib l e  (for example ,  the sens i t iv i ty  of the m e a s u r -  
ing appa ra tus  employed)  which would lead to the ap-  
p a r e n t  c e s sa t i on  of the r e l axa t ion  p roces s .  In the fo l -  
lowing we wil l  a s s u m e  that  no such fac tors  a re  p r e s -  

ent,  i . e . ,  we wil l  a s s u m e  that the r e c o r d i ng  of the 
re laxa t ion  p a r a m e t e r  is accompl i shed  with the n e c e s -  
s a w  accuracy  and that the f luc tuat ions  se rve  as the 
only source  of deviat ions  in i ts  value f rom the m a g n i -  
tudes p red ic t ed  by mac roscop ic  theory.  

Let us  cons ide r  this p rob lem on the specif ic  e x a m -  
ple of the t e m p e r a t u r e  re laxa t ion  of a meta l  sol id in 
a gas medium.  Here the change in the t e m p e r a t u r e  of 
the body is de sc r ibed  by a d i f fe ren t ia l  equation of the 

fo rm 

d T  a [Te __ T] ' (1) 
at 

With a d iscont inuous  change in the t e m p e r a t u r e  of 
the ambien t  gas f rom Ti to T2, the solut ion of Eq. (1) 
leads to an exponent ia l  change in the t e m p e r a t u r e  of 
the body with t ime:  

T =  T2--(T2 --T~) exp [--(t--to)/~]. (2) 

The curves  for this case  are  given schemat i ca l ly  in 
the f igure  (A, a). As a m a t t e r  of actual  fact,  no such 
smooth cu rves  of t e m p e r a t u r e  va r i a t ion  exist .  The 
ex i s tence  of f luctuat ions  leads to the appearance  of 
unique undula t ion  in each of the cu rves  T = T(t). The 
rea l  t ime  re l a t ionsh ips  of the t e m p e r a t u r e s  of the m e -  
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Dependence  of ex t e rna l  med ium t e m p e r a t u r e  (dash-dot  l ine) and body 
t e m p e r a t u r e  (sol id  l ine) on t ime  without account  for (a) and with ac-  
count  for (b) for  the case  of t e m p e r a t u r e  r e l axa t ion  of a so l id  in a 
gas m e d i u m  and d i scon t inuous  change in gas t e m p e r a t u r e  (A) and for 

the case  of a l i n e a r  change in ex te rna l  med ium t e m p e r a t u r e  (B). 
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dium and the body are  shown in somewhat  exaggera ted  
sca le  in the f igure (A, b). 

The " in te r lac ing"  of the cu rves  T e = Te(t  ) and T = 
= T(t) should in actual i ty obviously co r r e spond  to the 
equali ty of body and medium t e m p e r a t u r e s  in the o r -  
d inary  sense .  It is easy to see that af ter  the jumpwise  
change in T e both of the cu rves  will  again begin  to 
" in te r lace"  on passage  of a comple te ly  defined f ini te  
i n t e rva l  of t ime  r* which may be r e f e r r e d  to as the 
t ime  of total  c e s sa t i on  of re laxat ion .  The quant i ta t ive  
eva lua t ion  of r* can be c a r r i e d  out if we take into 
cons ide ra t ion  the fact  that the f luctuat ions  in  T e a re  
very  much s m a l l e r  than the f luctuat ions  in T, and if 
we a s sume  that the ins tan t  of t ime  t o + r* co r r e sponds  
to equali ty of the values  of ((~T)2) 1 / 2 :  ( k T 2 / C ) l / 2  [2, 3] 

to the quanti ty T 2 - T ca lcu la ted  f rom fo rmula  (2), 
i . e . ,  

(T, -- T) exp [--T*/~] = T2 ] /R/NC,  (3) 

whence 

�9 * = �9 [ln V N ~  + In (T~--T1)/T d '~  

T [In V N § In (T~ - -  T1)/T d 

T [55 + In (T~ - -  T1)/Td. (4) 

It is immed ia t e ly  c l ea r ,  f i r s t  of all ,  that the t ime  for 
the total  c e s sa t i on  of the p r o c e s s  of re laxa t ion  is t ens  
of t imes  g r ea t e r  than the usua l  t ime  of r e laxa t ion  and, 
secondly,  that the t ime  z*, as was to be expected,  is 
a funct ion of the magni tude  of the in i t i a l  deviat ion f rom 
the f ini te  s teady state.  

It is cur ious  to note that  the effect of the in i t i a l  
devia t ion (T 2 - T J  under  o rd ina ry  condit ions is i n s i g -  
n i f i can t  and is v i r tua l ly  always 

�9 * ~ 5 5 ~ .  (5) 

Cons idera t ion  of the f luc tua t ions  makes  it poss ib le  
a lso to fo rmula te  the quant i ta t ive  c r i t e r i o n  defining 
the quasi  s t e ad ines s  of the p r o c e s s .  We wil l  deal with 
this  p r o c e s s  a lso  in the specif ic  example  of a mono-  
tonic (p rec i se ly  l inear )  change in the t e m p e r a t u r e  of 
the ex te rna l  med ium in the model  indica ted  above. 

Let  the t e m p e r a t u r e  of the ambien t  gas begin  to 
i n c r e a s e  f rom a c e r t a i n  ins tan t  t o accord ing  to the law 

T e = 71 + y t. (6) 

Differen t ia l  equat ion (1) then a s s u m e s  the fo rm 

the t e m p e r a t u r e  of the body and that of the medium 
are  ident ica l  if 

T e - - T  ::: y~ < ~AT) ~ (9) 

i. e . ,  the curves  of the two funct ions " in te r lace"  al l  
of the t ime.  Consequent ly,  the condit ion for  the quasi  
s t ead iness  of the p r oc e s s  will  be the following r e l a -  
t ionship:  

y~ < T VR/NC.  (10) 

Thus the ra te  of change in t e m p e r a t u r e  should not 
exceed the quanti ty 

dT T / - - ~  T 1 T 1 
Y - -  dt -- ~ ] /  NC ~ ~ V -  ~ ~ , 8.10"" (11) 

If the per iodic  change in the e x t e r n a l - m e d i u m  t e m -  
p e r a t u r e  (T e = T o + TAB s in  cot), quas i  s t ead iness  wil l  
be achieved at the f r equenc ie s  

1 
(0~ < ]/77~- ~ 10-'% (12) 

The ca lcu la t ions  of the t ime  of total  cessa t ion  of 
r e l axa t ion  and of the m a x i m u m  ra te  of the q u a s i -  
steady p r o c e s s ,  c a r r i e d  out on the specif ic  model ,  
a re  p r i m a r i l y  of theore t i ca l  i n t e r e s t  both f rom a fun-  
damenta l  s tandpoint  and f rom the point  of view of p r o -  
c e s s i ng  the m e a s u r e m e n t  r e s u l t s  (for example ,  the 
c a l o r i m e t r i c  r e su l t s ) .  The quant i ta t ive  d e t e r m i n a t i o n s  
of the quasi  s t ead iness  of the p r o c e s s  and of the t ime  
of total  r e l axa t ion  mus t  be taken into cons ide ra t ion  in 
des ign ing  technologica l  p r o c e s s e s .  Ca lcu la t ions  of 
this  type may be c a r r i e d  out for any specif ic  cases .  

NOTATION 

T is the body t e m p e r a t u r e ;  T e is  the ex te rna l  m e -  
dium t e m p e r a t u r e ;  t is t ime ;  u is the heat  t r a n s f e r  
coeff icient ;  C is the heat  capaci ty  of a body; r is the 
r e l axa t ion  t ime;  r* is the t ime  of complete  ce s sa t i on  
of re laxa t ion ;  N is the Avogadro n u m b e r ;  R is the 
u n i v e r s a l  gas constant ;  T is  the ra te  of a monoton-  
ic t e m p e r a t u r e  change; To is the mean  t e m p e r a t u r e  of 
a med ium in case  of i ts  pe r iod ic  change;  TAB is the 
m a x i m u m  deviat ion of ex te rna l  med ium t e m p e r a t u r e  
f rom its  m e a n  value (amplitude);  w is the cycl ic  f r e -  
quency. 

dT 1 
- - = - - [ T l ~ - y t - - T ]  (7) 
dt 

and i ts  so lu t ion  will be 

T =  T e - - ~ *  { 1 - - exp[ - - ( t - - t o ) /* ]  }. (S) 

The cu rves  of the func t ions  T e = Te(t  ) and T = T(t) 
a r e  shown schema t i ca l l y  in the f igure  (B, a). For  long 
per iods  of t ime  [(t - to) >> r] we can wr i t e  

T= T e --y~ . . . .  

i. e . ,  t he re  is a c e r t a i n  lag in the t e m p e r a t u r e  of the 
body f rom the t e m p e r a t u r e  of the med ium.  Apparen t ly ,  
as in the case  c o n s i d e r e d  above,  we may a s s u m e  that  
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