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The tempera ture  distribution in a surface cooled cyl indrical  conductor heated by a monochro-  
matic cur ren t  is obtained in the form of a quadrature.  The tempera ture  distribution is obtained 
in final form and is analyzed for weak and strong skin effects.  

1. The tempera tu re  in a uniform conductor heated by a high-frequency monochromatic  cur rent  having 
a distribution descr ibed by Aj = - i#gwj  [1] and cooled at its surface satisfies Po i s son ' s  equation 
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The t and j distributions were  obtained concurrent ly  for a conducting plane layer  in [2]. We determine here  
the t empera tu re  distribution in an infinite cyl indrical  conductor (p -< 1). If the total cur ren t  is ~rr2j0, 
J =J0 (mfi/2Jl[auri])Jo (ap~fi) [1] and the t distribution is determined by the equation 

p do 8x~ :2(aVS)  (2) 

and the boundary conditions: t(1) = 0, t(0) is finite. Integration of (2) using the integral  p roper t i es  of Bes-  
sel functions leads to the quadrature  of a biIInear combination of Kelvin functions i3]. 
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2. For  a << 1 (weak skin effect) Eq. (3) gives approximately 

[ a4 ] (rl~ (1--p~). (4) 
t = t  o 1 + - ~  (29 ~ + 2 9  ~ -  1) , t o-- 8)~a 

The relat ive difference in the t empera tu res  t and t o corresponding to w = 0 is an increasing function of p and 
is proport ional  to w 2 and r4: 
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6 = -576 (2pa + 2 p 2 -  1), 6 (0) -- - -  57---6' 5 (1) = 19----2-' (5) 

which vanishes at p = ~@f3 - 1/2) ~- 0.60502. The average  tempera ture  in this approximation is the same for 
a direct  current :  
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Thus there is a relat ive " tempera ture  skIn effect," a redistr ibution of tempera ture  with increasing frequency 
in favor of the per iphery  of the c ros s  section of the conductor ar is ing f rom the electromagnet ic  effect. 

3. For  a >> 1 (strong skin effect) using the asymptotic  formulas  for large ~ [3] 
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E i ~  e x p , ,  (7) 

we obtain for  the pe r iphe ra l  p a r t  of the c r o s s  section of the conductor (up >> 1) 

16~.~ (rj~ 1 - - - -  exp i - - a ( 1 - - p ) ~ / 2 -  ; (8) 
P 

interpolat ion in the remain ing  port ion of the c r o s s  section gives 

aV'i- 
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According to (8),t(P) is a decreas ing  function with the main pa r t  of the dec r ea se  occurr ing  in a su r face  l ayer  
of th ickness  r/a~-2, i . e . ,  half  the th ickness  of the skin layer  for  j .  The ra t e  of fal l  off i n c r e a s e s  rapidly  
in this l ayer  together  with a: t '  (1)/t~(1) = 2-3/2a z >> 1. The re la t ive  t e m p e r a t u r e  skin effect  is  ve ry  p r o -  
nounced. The t e m p e r a t u r e  i n c r e a s e s  with co and r .  The ave rage  t e m p e r a t u r e  i n c r e a s e s  l inear ly  with a: 

- -  t (10) 
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The relative redistribution of t(p) in the transition from a weak to a strong skin effect for an increase 
in the criterion a (frequency) is somewhat analogous to the evolution of the relative profile (mean local) of 
the velocity of a liquid in a tube in the transition from laminar to turbulent flow of increasing intensity for 
an increase of the Reynolds number (flow rate). 
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N O T A T I O N  

a r e  r e spec t ive ly  the t h e r m a l  conductivity, the e lec t r i ca l  conductivity, and the absolute  mag-  
netic pe rmeab i l i t y  of the conductor;  

ts the angular  f requency of the current ;  
is  the dis tance f rom the axis  of the cyl indr ica l  conductor in units of i ts  radius  r; 
is the c r i t e r ion  for the s t rength  of the skin effect; 
ts the complex  ampli tude of the cu r ren t  density; 
is  the ampli tude of the cu r ren t  densi ty ave raged  over  the c r o s s  section of the conductor; 
~s the t e m p e r a t u r e  of the conductor m e a s u r e d  f r o m  the t e m p e r a t u r e  of i t s  surface;  
~s the s a m e  for  a d i rec t  cu r ren t  of density j0/~f2; 

6 - ( t - - t 0 / t  0. 
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