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A funct ion is described as an approximat ion  to the  probabi l i ty  in tegra l  

over ttm whole range of its def in i t ion .  

In the  ca lcu la t ion  of t e m p e r a t u r e  f i e ld s ,  v a r i o u s  
funct ions  using the p r o b a b i l i t y  i n t eg ra l  e r f  (u) a r e  f r e -  
quentIy encoun te red .  

F o r  example ,  to ca l cu l a t e  the t e m p e r a t u r e  at the 
c e n t e r  of a f ixed d i s t r i bu t ed  sou rce  of squa re  shape ,  
ac t ing  on the su r f ace  of a s e m i - i n f i n i t e  body,  we have 

T 

010.0,1 = ~ 1/7 ~) CT 
0 

As is  known, i n t e g r a l s  of th is  type do not r educe  to 
the funct ions inves t iga t ed  and mus t  be eva lua ted  by 
some  a p p r o x i m a t e  method.  

The a p p r o x i m a t e  ca lcu la t ion  in the above and o the r  
s i m i l a r  c a s e s  i s  c o n s i d e r a b l y  f ac i l i t a t ed  if we se t  

err (u) = +_ V 1 -- exp (-- 1,26u ~) �9 (2) 

F o r  u > 0 we should take the plus s ign in f ront  of the 
r a d i c a l ,  and for  u < 0, the minus  s ign.  It i s  e a s y  to 
v e r i f y  the va l i d i t y  of th is  subs t i tu t ion  f rom an exa min -  
at ion of Table  1. 

An inves t iga t ion  of the na tu re  of the funct ions  e r f  (r) 
and the subs t i tu t ion  function =L(1 - exp (-1.26~2))1/2, by 
d e t e r m i n i n g  the s igns  of the second  d e r i v a t i v e s  shows 
a l so  that  the g r a p h s  of both funct ions a r e  convex in the 
reg ion  of def ini t ion (0,+~). The n u m e r i c a l  va lues  of 
the second  d e r i v a t i v e s  of these  funct ions a r e  quite c lo se  
o v e r  the whole range  of def ini t ion.  

Thus,  the function +(1 - exp(-1.26p2)) l /2  is  a f a i r l y  
a c c u r a t e  subs t i tu te  for  the p r o b a b i l i t y  i n t e g r a l .  

Using (2), we wil l  d e m o n s t r a t e  solut ion of the in-  
t e g r a l  in Eq. (1). Using the subs t i tu t ion  1.2612/16a = b, 
and se t t ing  b / t  = x 2, we obtain ,  fol lowing subs t i tu t ion ,  
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Using the solut ion of [2], 

i exp ( - - f x  ~) dx = 
x2n 
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with p = 1, n = 1, we obta in  

o 

d / =  

= 2 V ' ~ - o . 5 6 ~ a  x 

( 1"2612 

exp \ - -  l -~-a  �9 ) Ii__erf { 0.28l)] / x - j ] .  (3) 

Table  2 shows a c o m p a r i s o n  of va lues  c a l c u l a t ed  
by  g r a p h i c a l  in t eg ra t ion  with va lues  f rom Eq. (3), with 
a = 0.83 cmZ/sec  and l = 0.005 cm.  The spec i f i c  va lues  

Table  1 

C o m p a r i s o n  of Values  of the P r o b a b i l i t y  In teg ra l  and the Subst i tu t ion  
Funct ion  

u erI (u) Vl--exp(--l.26ul)- I u err (u) u z) u erf (u) VT-exp(-l.26u z) 

0 
0.01 
0,02 
0.03 
0,04 
0,05 
0,06 
0.07 
0,08 
0,09 
0.10 

0 
0.01128 
0,0226 
0.O'338 I 
0.0451 I 
0.05637 
0.0676 
0,0789 
0.0901 
0,1013 
0,11246 

0 0,~ 9.2227 0.2218 1,3 0.9340 
0.01122 0.~ 9,328( 0,3274 1 4 0.9523 
0.02247 0,4 9.4284 0,4272 115 0.96611 
0.3367 0,~ 3.520~ 0.5198 tl.6,0.9763 
0.04494 0,( :),603~ 0.6038 [171 0.9837 
0.05612 0,7 :).677t 0.6787 118 0.9891 
0.06734 0,~ ).7421 0.744 1.9 0.9928 
0.07855 0. c ).7969 0.79965 2 0.99532 
0,08979 1,C ?.8427 0.8464 2,5 0.9996 
0,101 1.1 ).8802 0.8850 3 0.99998 
0.1119 1.2 ).9102 0,91516 oo  1 

0.9427 
0.9568 
0,9672 
0.97995 
0.9854 
0.9915 
0.9958 
0,9967 
0.9998 
0.9999 
1 
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Table 2 

Value of the Integral in Equation (1) 

Graphical de- Calculation 
r, sec termination from Eq. (3) 

0 
10--6 
5 . 1 0  - 6  
10--5 
5- I0 -a 
lO--a 

0 
0,00197 
0.00347 
0.00396 
0.00474 
0,00495 

0 
0.001971 
0.00346 
0.00404 
0.00486 
0.00493 

taken r e l a t e  to ca lcu la t ion  of t e m p e r a t u r e  in a s ingle  
g ra in  dur ing diamond pol ishing.  

The probabi l i ty  in t eg ra l  r e p r e s e n t a t i o n  given by 

Eq. (3) can be r e c o m m e n d e d  also for  o ther  computa-  
t ional  c a s e s .  

NOTATION 

q is  the heat  source  s t rength ;  a is  the t h e r m a l  dif- 
fus iv i ty ;  k is the t h e r m a l  conduct ivi ty ;  l is the length 
of a s ide  of the heat  sou rce ;  T is  the t ime  of appl ica-  
t ion of sou rce ;  t is  va r i ab l e  t ime .  
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