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The genera l  p r o b l e m  of the t e m p e r a t u r e  dis t r ibut ion in a f lat  d ie lec t r ic  m i r r o r  during a b s o r p -  
tion of e l ec t romagne t i c  (EM) waves  emi t ted  by a l a s e r  in a broad spec t rum range  is solved. 

A f la t  d ie lec t r i c  m i r r o r  (subs t ra te  with deposi ted film) abso rbs  EM waves ,  hence the ra te  of heat  ab -  
sorpt ion  q+(x, y) on the m i r r o r  su r face  is a s sumed  known. According  to [1], the mean  quantity of hea t  ab -  
sorbed  per  unit t ime pe r  unit su r face  of the m i r r o r  is de te rmined  for  plane EM waves  by the re la t ionship  

q+(co, r ) =  ~ [e"(o~)EE*+~t"(co)HH*] ~ -  

If the radiat ion spec t rum  is rea l i zed  in a broad f requency range  (liquid l a s e r s ) ,  then the total  quantity of hea t  
being absorbed  per  unit t ime per  unit m i r r o r  sur face  is de te rmined  by the formula  

q+ (r) = . if  ((o) q+ (co, r) &0, 
0 

where  f(~0) is the spec t r a l  dis t r ibut ion function and f(~)q+(w, r) is the spec t ra l  density of energy  dissipat ion.  

The heat  emi s s ion  of a m i r r o r  is  de te rmined  in a Newton approximat ion  by  the equation 

q- (r) = ~ [T-(r) - -  T0]. 

Under given boundary conditions in the s ta t ionary  mode of l a s e r  opera t ion ,  the t e m p e r a t u r e  field of the 
m i r r o r  mus t  be de te rmined  which sa t i s f i es  the equation 

zAT -q-, q+ = 0. (1) 

In tegra t ing  (1) along the z coordinate  ove r  the m i r r o r  th ickness ,  we obtain 

d,q-h d-~-h d+h d-.~.h 

•  fq+dz=• 32~ 02' ) ff OZT ; (2) �9 Ox---- ~ + ~  +• Oz 2 dz+ . q+dz=O, 
0 0 0 0 

d+h d+h 

1 T(r)dz; ~ dz • 2~ (T To). T(x,y)= d + h  ~ o Oz 2 Oz 

where  

Taking into account  that h << d, we obtain f r o m  (2) 

2~ 
• y) - -  ~ IT (x, y) - -  To] + ~ = O, (3) 

d 

where  ~*(x, y) = 1/d i q+(r)dz. 
0 

Let  us introduce the d imens ion less  v a r i a b l e s  

x =  kx, ff = ky,  ~ =  r~ ;~ + ~2 = k , x2 + y2 = kr, 

where  t~ = 2c~/~d. Equation (3) becomes  in the v a r i a b l e s  N, y 

020 0z0 - -  0 +:q+ (x, y) = 0, 
+ | ( 4 )  
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w h e r e  

o (x~ y-) = o (kx, ky) = ~(x ,  g) - ro = �9 (x, y); 

- -  aA_ + q+ (x, y) = q+ (kx, ky) = 2~z (x, y). 

The  genera l  so lu t ion  of (4) can be wr i t t e n  in the f o r m  

o = ff + - ,  - ,  - y ) G ( x ,  y , x,  y) dx 'dy ' ,  
(x',#") 

w h e r e  G is  G r e e n ' s  funct ion.  

Le t  the s u b s t r a t e  be unbounded.  Then  G r e e n ' s  funct ion is d e t e r m i n e d  by the equa t ion  

~+T ~--G(~) = - - ~ ( 1 ) ,  

w h e r e  ~ = ~ / ( ~ - x ~  2 + ~ - y-r and by the c o r r e s p o n d i n g  boundary  condi t ions .  

The  gene ra l  solut ion of  (5) wil l  be 

G (~) = Ci[  o (~.) q- C2Ko (~), 

(5) 

where  I 0 is the cy l inder  funct ion of  z e r o  o r d e r  and i m a g i n a r y  a r g u m e n t ,  and K 0 is the z e r o - o r d e r  MacDonald  
funct ion [2]: 

(6) 
I o ( g ) = , ~  ~ , 

,"n~ 0 

Ko(~) = - -  (In 1o(~)+ 22re(m!)2 ~(m + I), 
m ~ 0  

nl  

~ ( m +  1 ) = - - C +  i ' 
(7) 

C is the Eu le r  cons tan t  equal  to - $  (1) = 0 .57721566490. . .  B e c a u s e  of  the v e r y  r ap id  c o n v e r g e n c e  of the s e r i e s  
(6) and (7), a suff ic ient ly  good app rox ima t ion  fo r  p r a c t i c e  is a l r e a d y  obta ined fo r  s u b s t r a t e  d i m e n s i o n s  c o m -  
m e n s u r a t e  with the m i r r o r  d imens ions .  Hence ,  we l imi t  o u r s e l v e s  to the l im i t  ca se  of  an infinite subs t r a t e .  
F o r  $ --* ~ I0(~ ) -~ ~, hence  Ct = 0. T h e r e f o r e ,  

a (~.) = C~Ko (~.). 

We d e t e r m i n e  the a r b i t r a r y  cons tan t  C 2 f r o m  the condit ion of compl i ance  with the hea t  ba lance  

f r o m  which 
0 0 

In t roduc ing  the new cons tan t  

0 

a = ([K0 (~) d~ : 1,8695 .... 
0 

we obtain G r e e n ' s  funct ion 

(1) 
6 (~_) = ~ g0 (~)- (s) 
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The general  solution of the p rob lem is r e p r e s e n t e d  in t e r m s  of Green ' s  function as 

0 (x, y) = ~na Ko (~) (x', y') dx'dg'. 
(x',y') 

Going over  to the x,  y coord ina tes ,  we obtain 

1 �9 (x ,g)=( 2 - ~  )!~q+(xr, y')Ko(klr--rr')dx'dg'. 
(x ' ,y ' )  

The asympto t i c  behavior  of G r e e n ' s  function K0( 0 is de te rmined  [2] by the formula  

K~ r'l) ~ 2klr--r 'l  exp (-- k Ir-- r'l). (9) 

I t  follows f r o m  (9) that  the c h a r a c t e r i s t i c  d imens ion  D outside of which there  is p rac t i ca l ly  no t e m p e r a t u r e  
field is de te rmined  f r o m  the inequali ty 

D = I r - -  r ' l ~  ---- 2~ 

The condition upon compliance with which the m i r r o r  can be cons idered  as approx imate ly  unbounded is ex -  
p r e s s e d  by the inequali ty 

Q+=rrq+(x,g)dxdy>> ~d2nr dT 
J J  d; r=o~ 

f r o m  which we obtain a f te r  appropr ia t e  calculat ions and e s t i m a t e s  

D,~ d• s 1 /  ~ exp (-- leD~) <( 2aa. 
2teD~ 

(i o) 

For  the values  Dn, ~ ,  a ,  d exis t ing for  m i r r o r s ,  inequality (10) is sat isf ied.  T h e r e f o r e ,  G r e e n ' s  function (8) 
can be used to compute the t e m p e r a t u r e  field. The r e su l t s  of a computat ion agree  with exper iment .  
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NOTATION 

a re  the r a t e s  of absorp t ion  and heat  t r a n s m i s s i o n  pe r  unit m i r r o r  sur face ;  
a r e  the coordinates  of points of the m i r r o r ;  
is the spec t r a l  f requency of l a s e r  radiat ion;  
a re  the a r b i t r a r y  r a d i u s - v e c t o r s  of points of the m i r r o r  su r face ;  
a r e  the imag ina ry  pa r t s  of the complex d ie lec t r i c  and magnet ic  pe rmi t t iv i t i e s ;  
a r e  the vec t o r s  of the EM field intensi ty and the i r  conjugate vec to r s ;  
is the h e a t - t r a n s f e r  f r o m  the m i r r o r  to the ex te rna l  med ium r e f e r r e d  to unit sur face  pe r  
unit t ime;  
is the ave rage  t e m p e r a t u r e  ove r  the m i r r o r  th ickness ;  
is the t e m p e r a t u r e  of the ex te rna l  medium;  
is the t h r ee -d imens iona l  Laplace  ope ra to r ;  
is the subs t r a t e  th ickness ;  
a r e  the a r b i t r a r y  constants ;  
is the m i r r o r  d i a m e t e r s ;  
is the Di rac  function. 
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