
T E M P E R A T U R E - D E P E N D E N T  R E S I S T I V I T Y  O F  

F L A T  C O N D U C T O R  A N D  T H E  T E M P E R A T U R E ,  

C U R R E N T ,  A N D  E L E C T R I C  F I E L D  P A T T E R N S  

R.  S .  K u z n e t s k i i  

A 

UDC 538.56 

Charac te r i s t ic  physical  quantities have been determined as functions of the nonlinearity c r i -  
ter ion and the frequency c r i te r ion  for a flat conductor heated by a cu r r en t  having stat ionary 
and cu r r en t  dis tr ibut ions but tempera ture-dependent  conductivity. 

It is n e c e s s a r y  to per form local co r rec t ions  for the tempera ture  dependence of the specific r e s i s -  
tance in a cu r ren t -hea ted  conductor  when calculating the tempera ture  and cur ren t  distr ibutions for high 
t empera tu re s  and high heat fluxes. 

The s teady-s ta te  t empera tu re  and field dis tr ibut ions in a flat conductor x -< 1 heated by a mono- 
chromat ic  cur ren t  may be determined f rom the following sys tem of nonlinear differential equations in the 
presence  of surface heat  loss (the t empera tu re  and the tangential monochromatic  e lec t r ic  vec tor  are  given 
at the surfaces) ,  in par t icu lar ,  when the specific res is tance  is temperature-dependent :  

p/" = - - e  2, pe"= in2e; t (1)==t ' (O)=e'(O)=O, e(1)= 1, (1) 

where the cu r ren t  density is j = e/o; the specific feature here is 0(t). We assume the l inear dependence 
p(t) = kt + 1 usual for solid conductors .  The purpose here is to determine the effects of o(t), which are  
usually neglected; i.e., the quantitative effect of the nonlinearity c r i t e r ion  k, which influences var ious  char -  
ac te r i s t i c  physical  quantities (functionals defined by cr i ter ia)  and which can be derived from (1) as  c o o r -  
dinate dis tr ibut ions t(x), e(x), and j(x). 

System (1) cannot be integrated in quadra tures  and has been interpreted numerical ly  by matr ix  fitting 
by computer  with ser ies  of values for  the c r i t e r i a  n and k and the ranges 0 -< n -< 1.57, 0 -:< k -< 106; some 
of the resu l t s  of ma jo r  in teres t  are  showr/in Figs.  1 and 2. The maximum value of t(0) in the median plane 
is shown as a function of k (argument) for  var ious  values of n (parameter) ,  as is the mean conductor  t em-  
pera ture  <t>, the total relative change in specific res i s tance  50 = kt(0) (absent in the l inear case,  k = 0), 
and the minimal  values for the e lectr ic  field e(0), cu r ren t  density ~(0), and phase ~0(0) in the mean plane x 
= 0. The quantities t(0) and <t> cha rac te r i ze  the nonuniformity in the heating; e(0) represen t s  the penet ra-  
tion of the external  e lect r ic  field into the conductor (field skin effect), while t(0) represents  the uniformity 
in the cu r r en t  distr ibution in the conductor  (current  skin effect, which coincides with the field skin effect 
for k = 0, and q0(0) represen t s  the phase shift of the e lectr ic  field at depth and the shift in the cur rent  den- 
sity by compar ison  with the boundary values.  

All these quantities as  functions of n or  ll 2 have turning points with zero derivat ives  at n = 0; they 
are  all decreas ing  functions of n, and thei r  n dependence becomes  weaker as k inc rea se s .  If k is sufficiently 
large,  kt(0), <t}, 50 and L(0) are  vi r tual ly  independent of n and are  functions of k alone. As k increases ,  the 
values of t(0), (t} and L(0) dec rease  without l imit  (tend to zero); 50, e(0) and ~o(0) increase,  the increases  
being without bound, tending to 1, and tending to 0 (while remaining negative), respect ively.  

Theoret ical  analysis  of (1) for Very large values of the nonlinearity cr i te r ion  (k >> max (1; n4)) give the 
following asymptot ic  relat ions:  

t (o) ~ ~ -  < t > ~ - - -  ,~p ~ k ; (2) 
' 1, ~ k  ' 
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Fig .  1. Maximum t e m p e r a t u r e  t(0) (in mean  plane x = 0), mean  t e m -  
p e r a t u r e  (t) of c o n d u c t o r ,  and total  re la t ive  change  5o in spec i f i c  
r e s i s t a n c e  as  funct ions of k fo r  v a r i o u s  n. 

Fig .  2. Minimum va lues  in m e a n  plane x = 0 of conduc tor :  a) e(0); b) 
i(0); c) ~0(0) as  funct ions  of k for  v a r i o u s  n. 

(3) 

These  ag ree  with r e su l t s  of n u m e r i c a l  in tegra t ion  of (1) fo r  l a rge  k. 

~A 

k, ix, o~ 

O0 
e 0 
n ~ a~---~,o0 and k -= [(e0a)2/~.p0] 

. [ a / (2 -Ss0 ) ]  

l ,  n = 0 (r = 0 ) ;  
6so (0. n~0 ;  x, t , p = p(t), 

e --- e .exp(i~) ,  j = L.exp (i~), 
(e--- e , ~-- j , ~ - - - - a r g e  = a r g j )  

1 

<t> - ~ tdx 
0 

5p -= o [ t ( 0 ) ] - I  

N O T A T I O N  

is the angu la r  f r equency  of c u r r e n t  (field); 
a r e  the t h e r m a l  conduct iv i ty ,  absolute  magne t ic  p e r m e a b i l i t y ,  and 
t e m p e r a t u r e  coef f ic ien t  of  speci f ic  r e s i s t a n c e  of conduc tor ;  
is the spec i f ic  r e s i s t a n c e  n e a r  su r f ace  (at z e r o  t e m p e r a t u r e ) ;  
is the ampl i tude  of tangent ia l  e l e c t r i c  v e c t o r  a t  s u r f a c e ;  

a r e  the con t ro l l ing  c r i t e r i a  ( f requency c r i t e r i o n  and non l inea r i ty  c r i -  
t e r ion ,  r e spec t ive ly )  

a r e  the coord ina te  ( x -< 1), t e m p e r a t u r e  of su r face  x -< 1 of a p lanar  
conduc to r ,  speci f ic  r e s i s t a n c e ,  complex  e l ec t r i c  field, and c u r r e n t  
dens i ty  ampl i tude  (everywhere  para l l e l  to ~0) as  r e f e r r e d  to ha l f - .  
t h i cknes s  a of the p l ana r  conduc to r  and to (e0a)2/~o0(2-Ss0), P0, e0, e0 
/o0,  r e spec t i ve ly ;  

is the m e a n  t e m p e r a t u r e  of conduc to r ;  

is the total re la t ive  change  in specif ic  r e s i s t a n c e  of conduc to r .  
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