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The article is aim ed at an in tu itive understanding o f the recently explored deep connections 
between therm al physics, quan tum  field theory and general relativity. The physical effects 
involved in particle creation  by a black hole are  viewed in term s o f m ore fam iliar quantum -field  
effects in flat spacetim e. Black hole evaporation  is investigated in term s o f tem perature  
correction to the C asim ir effect. T he app lication  o f the C asim ir effect results and those for 
accelerated m irrors reveals th at a black hole should  produce the blackbody rad ia tion  at a tem ­
perature that exactly coincides w ith H aw king’s result. Its b lackbody nature  is due to the 
interaction o f virtual positive-energy particles with the surface o f a “cavity” form ed by the 
Schwarzchild gravitational field potential barrier. The virtual particles are “squeezed o u t” by 
the contraction o f the potential ba rrie r and ap p ear to an observer at J + as the real blackbody 
ones.

In previous papers  ( [2 ]-[4 ] )  a p ro g r a m m e  o f  the  
reduc t ion  o f  partic le  c rea t ion  by a b lack  ho le  to 
quantum -fie ld  effects in flat space-time was initiated. 
T h e  p ro g ram m e  is based  on the  fact (R. H. Price) 
tha t  the gravi ta t ional field o f  a b lack  hole  creates  
an  effective po tentia l b a r r ie r  pe n e trab le  for h igh-  
frequency waves and  im p en e tra b le  for waves w ith  
low frequency. T h e  b a r r ie r  is so w ell- localized  ne a r  
/ - = 1 . 5 R g  (Rg =  2 G M / c 2) th a t  for the  s tudy  o f  
wave p rop aga t ion  we can consider  the  regions q u i te  
nea r  the horizon and  far  aw ay  from  it as “ f la t” . 
A lm ost all the scatter ing takes p lace  in the  na r ro w  
region near r = 1 . 5 R g .  T he  co n s ide ra t ion  o f  the  
b a r r ie r  peak as the surface  o f  a ref lecting  sph e re  
pe rm it ted  to app ly  to a b lack  hole  the  results o f  
nu m ero u s  C asim ir-effec t  calculations. It a p p e a re d  
th a t  the flow o f  negative  C as im ir  energy  shou ld  
cause the hole to p ro d u ce  th e rm a l rad ia t io n  at a 
tem p e ra tu re  tha t  exactly co incides w ith  the  result 
o f  H aw king  [1], But th e  sequence  o f  m odels  designed 
to fit the ev apora t ion  process w ith  increasing  p rec i ­
sion was unable  to descr ibe  the  very m e c h a n ism  o f  
partic le  creation. T h e  reasons are  obv ious : all o f  
them  ignore the thickness o f  the  po ten t ia l  barr ier .  In 
[2 ] -[4 ]  the b a rr ie r  was a p p ro x im a te d  by a th in  
shell. However, F a b b r i  [5] d em o n s tra ted  th a t  there  
exist two branches o f  tu rn ing  po in ts  for a non-
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ro ta ting  black hole po ten t ia l  barr ie r :
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w here  r\ — arc  cos {—3 co M [3 / l  (I  + 1)] } and arccos 
denotes  the  princ ipal value  o f  the inverse tr i­
g on om etr ic  function, so tha t  2 M i r | ^ r 2 . F o r  
instance, each (w, /) par t ia l  low -frequency  w ave has 
two tu rn ing  points
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w here  O  (,v) denotes  a q u a n ti ty  o f  o rd e r  x.
C onsequen tly ,  for the  p u rp ose  o f  investigating  the  

in te rac t ion  o f  vir tual partic les w ith  the  po ten tia l  
b a r r ie r  surface  it shou ld  be rep resen ted  by two 
condu c tin g  concentric  spheres. O ne o f  th em  is 
s i tua ted  nea r  the  horizon  w hile  the  o the r  is fa r  aw ay  
f rom  it. Each shell is an  ideal conductor .  So, the  a im  
o f  the  p a p e r  is to m a k e  the next step in descr ib ing  
the  evaporation mechan ism  by m eans  o f  an  ideal 
m odel th a t  is m ore  realist ic  than  the  p receed ing  
ones.
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A) T he  results concerning tem p e ra tu re  corrections 
to  the  C a s im ir  effect (M. Fiertz. J. M ehra ,  R. H a r ­
greaves. Brown, and  M aclay  et al.) were genera l ized  
by T adak i and  T akag i [6 ]. T hey  considered  two 
paralle l infinite p lane  b o un dar ie s  in the fo u r -d i ­
mensional M inkowski spacetim e. This  system has 
two special d irec tions (r, z)  because  o f  the presence 
o f  the boun dar ie s  and  the hea t bath . A ccord ing  to 
the  sym m etry  o f  the  system, the conservation  law. 
and  the tracelessness, the  vacu u m  stress-tensor b e ­
tw een  the p lates has the  form

< r /JV> =  A d iag  ( -  1. 1. 1 , - 3 )  +  5  d iag  (3, 1, 1, 1) (2) 

+  C d iag  (1. 0. 0. 1) +  F  (z) d iag  (2, 1, 1 ,0 ) .

T h e  first te rm  in (2) represents  the ze ro - tem per-  
a tu re  term and the second the  S tephan-B ol tzm ann  
te rm. For a conform ally  coup led  massless scalar 
field one has

A  =
7r  ti c 

1440 d 4 '
B  =

n 2k 4 T 4

with d  being the d is tance  betw een  the plates and  T  
the  tem p e ra tu re  o f  each plate. T h e  de ta i led  form  o f  
C = C ( T )  and F =  F ( z )  is given in [6 ].

In the lo w - tem p era tu re  limit ( F d  <  1 ) the 
S tephan-B o l tzm ann  term  is negligible. T he  te m p e r ­
a tu re  correction  is exponentia lly  small, because  the  
basis m odes have  an energy gap.

In the h ig h - tem p e ra tu re  limit (Fd$>  1 )< 7 ^ V)  is 
d o m in a te d  by the S tephan-B ol tzm ann  value every­
w here  not close to the boundary .  T h e  b e h a v io u r  
near  the b o u n d a ry  m ay  be seen by considering  the  
single b o u n d a ry  prob lem . In the limit d  -* oo the  
result is

n2k4F4
A = 0 ,  B = ----- ~z r , C  =  0 .

90 ti3 c
(3)

T h e  therm al average  deviates  from the  S tephan-  
Boltzmann value nea r  the b o u n d a ry  (Z  I) d ue  to 
the  F 4 te rm  o f  F (r) :

F (z )  = -
n2 F4k 4 

9 0 7j v

4 I 7 ~> I

■ T { ' - - - - J + i r - - 4 + 0 ( I 1 - (4)

T he  calculations for the e lec trom agnetic  field are  
a lm ost the  same.

B) Levin. Polevoy, and  Rytov ([7]) o b ta ined ,  by 
m eans  o f  the genera l ized  K irch ho ff  law, general 
expressions for the spectral and  total Poynting  vector 
for a f luc tua t ion  o f  the  e lec trom agnetic  field in a 
p lane  v acu um  g ap  be tw een  two a rb i tra ry  infinite 
m e d ia  w ith  d if fe ren t tem p e ra tu re s  (for simplicity  
the  m e d ia  are  a ssu m ed  to be iso tropic  and spatially 
local). T h e  Poynting  vector is

P = \ p  (co) dco =  —  j  ( r i \ - n 2) M  dco , (5)
0  0

w here

77, =
ti co

exp (ti co/k Fj) — 1
i =  1 , 2 .

In vacu um  (g| =  e2  =  /*i =  H i =  k  = 1) for infinite 
sepa ra t ion  (d  —► o o )  o ne  gets

F o r
A/(o c ) =  o r/8  c 2 .

d  =  0: A /(0) =  co2/ 4 c2 , 

/>(0) =  a SB ( r t -  7 1 ) ,

(6)

(7)

w here  F x > F2.
Thus, th ou gh  each con d u c to r  is in the rm a l  e q u i ­

l ib r ium  w ith  rad ia t io n ,  bu t  each at its ow n te m ­
pera tu re ,  the  w hole  system is in a n on eq u il ib r iu m  
state. U n d e r  these cond it ions  a f low o f  the f l uc tua t ­
ing electromagnetic f i e l d  f rom F} to F2 ( F ] > F2) 
dominates inside the cavity over the f low from F2 to F\.

T h e  au tho rs  o f  [7] po in t out tha t  the  generalized 
K i r c h h o f f s  law con ta ins  an expression  for the 
average  oscilla tor energy Q (\\\ F).  Nevertheless,  
zero oscillations do  not co n tr ibu te  the  energy flow: 
F I i = Q ( c o , F) -  ti co/2. But the energy o f  the e q u i ­
l ib r iu m  f luc tua t ing  e lec trom agn e tic  field is

1
E  = V  tl CO.y I ----- 1—

* \  2  exp (ti c o j k  T) — 1

w here  co* are  the  e igenfrequenc ies .  d ep en d in g  on d.
C) C o ns id e r  a part ic le  w hich  is at rest in the 

g rav ita t iona l field o f  a Schw arzch ild  b lack  hole. Its 
fourvelocity  is

d-v*

d r

2 M - 1/2

, 0 . 0 . 0

T h e  p ro p e r  acce le ra tion  o f  the  partic le  is

D u die
+ r i , u ß u y

d r  d r

=  r ? t u '  u '  (x. ß , 7  =  t, 6. cp) .
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T he  only n on van ish ing  com p on en t  o f  T f t is 

M l  2 M

r "  = 7 - [ ' — T  

I M  \
Hence a* =  (0  — , 0. O j , while

„ , , ,  / 2 M \ ~ l/2 M  
a = {gl t a*a>) 'n  = I I ----- —  . (8 )

A s ta tionary  d is tan t obse rv e r  will m easu re  

D u*  d r  / 2 M '
b* =

d r  d t

(9)

Consequen tly ,  the  p eak  o f  the poten t ia l  barr ie r  
(localized in the  vicinity  o f  r = 3 M)  has a nonzero 
p ro p e r  acce le ra tion  =  (3 / 3  A/)-1.

D) A ccord ing  to F a b b r i  (Ref. [5]), w ho  studied  
the scatter ing  and  a b so rp t io n  o f  e lec trom agnetic  
waves by a no n ro ta t in g  black hole, w hen  the fre­
quency w o f  ra d ia t io n  is sm aller th a n  the critical 
frequency  u'c =  (2 / 2 7 ) 1/2A/- 1 , tu rn ing  points exist 
for all par t ia l  waves, tha t  is for all values o f  /. W hen  
(o > coc , tu rn ing  po in ts  exist only for high — / 
waves; m o re  precisely, they exist i f  / is g rea ter  than  
a critical p a ra m e te r  /c given by th e  equa tion  
/c (/c +  1) =  27 co2 M 2.

At high f requenc ies  (co > coc), for / ^ / c , the 
waves pass abo ve  the  po tentia l b a r r ie r  completely  
unaffected . W hen  / is sligtly g rea te r  than  /c the 
tu rn ing  points  are  ap p ro x im a te ly  given by

27 co2 M 2

1(1+ 1)

1/2 ’
(10)

F o r  / ^ / c , the  zeros o f  the w ave n u m b e r  are 
eiven bv

f n  = 3 M  1 + / ( / +  1 )
27 o r  M 2

1/2’
( I D

So, for co > coc the  transm ission  coefficient o f  the 
b a rr ie r  is

T , =  0 

T , =  1

at

at

/ >  /c 

/ <  L
(12)

F o r  co coc real tu rn ing  points exist for all the 
part ia l  waves:

( / +  1 )! ( / -  1 )!
( 2 /)! ( 2 1 +  1 )!!

2  co M ) ‘ (13)

T hat  is w hy only the low -frequency  waves can 
successfully escape from the  region fo rm ed  by the 
C as im ir  plates w ith  the ref lection  p ic tu re  nicely 
m im iced  by (1). Sanchez  (Ref. [8 ]) a rr ived  at a 
s im ila r  conclusion: the reflecting p rop e r t ie s  o f  the 
potentia l b a r r ie r  p rov ide  th a t  H aw k in g  emission is 
only significant in the frequency range 0 ^  co <  A/-1. 
C onsequently ,  the  po ten tia l  b a r r ie r  o f  a black hole 
should  be a p p ro x im a te d  by two concentr ic  shells 
with the first in the  vicinity o f  the  ho rizon  ( r =  — 
2 M +  4co2M 3/ l ( l +  1) -*• 2 M  w hen  oj —► 0) and 
the second far aw ay  from it (/• =  r 2  = } / / ( /  +  1 ) /co 
at co —► 0). T he  success o f  the  a p p ro x im a t io n  o f  the 
C as im ir  sphere  by two paralle l co n d u c to r  plates 
(Ref. [2]) pe rm its  us to rep lace  each spherical 
conduc to r  by tw o p lane  conductors .

E) C onsider  an ob server  resting on surface  o f  a 
cond uc to r  in the  g rav i ta t iona l field o f  a Schwarz- 
child  black hole ( /•= /-0). A ccord ing  to the  P rincip le  
o f  Equivalence, he is eq u iva len t  to an  ob server  ac ­
celerated  in M inkow ski space t im e  with p ro p e r  ac-

/ 2 M \ ~ V1
celeration b ~ x = 1 -----------  M l r \ .  As is well-\ >o I
know n (see. for instance [9], an d  the references cited 
therein) ,  an o bserver  w ho  is acce le ra ted  in flat 
space t im e  with a p ro p e r  accelera tion  b ~ \  should  
find h im se lf  in a th e rm a l b a th  w ith  tem p e ra tu re  
T — b ~ x/ 2 n c k .  T he  obse rve r  w ho  is accelera ted  
with the surface o f  the  wall should  find the therm al 
rad ia t ion  being  in e q u i l ib r iu m  with the  wall at the 
sam e tem p era tu re .  T h u s  an  ob server  resting on the 
surface o f  a con d u c to r  in the  g rav i ta t iona l  field o f  a 
Schwarzchild  black hole  shou ld  d iscover  therm al 
rad ia t io n  in e q u i l ib r iu m  w ith  a co n d uc to r  at the  
tem p e ra tu re

T  =
M

2 M
(14)

2 n c k

Hence, the Interact ions o f  the Radiat ion with the 
Surface o f  the Potent ial  Barrier can he described in 
Terms o f  Temperature Correct ions to the Casimir  
Effect.

(a) T he  te m p e ra tu re  r ,  o f  a con d u c to r  in the 
vicinity o f  the horizon  is co ns iderab ly  h igh e r  than  
tha t  o f  a co n d uc to r  far  aw ay  from it. So, though  
each conducto r  is in e q u i l ib r iu m  with rad ia t ion ,  the



660 R. M. Nugayev • An Intuitive U nderstanding of Black-Hole Evaporation

w hole system is in n o n e q u i l ib r iu m  ( T ] >  T 2) and  a 
flow o f  scalar (o r any zero-restm ass field) e s ta b ­
lishes itself in the  [/•[, r2\ region. T h e  flow is 
d irec ted  from the  h o r izon  to spat ia l  infinity.

T he  observer at rest nea r  the  horizon  will d is ­
cover a flow o f  th e rm a l  ra d ia t io n  w ith  a tem per-

1 M l  2 M \ ~ m  
a tu re  T l = — 3- 1 ------------. A d is tan t  sta-

2 n  ro \ r0 /
t ionary  observer at fu tu re  inf in ity  J + will find th a t  
the  tem p e ra tu re  o f  rad ia t io n  in the vicinity o f  the  
horizon is T = M I 2 n r \ .  Indeed , the g rav ita t iona l 
blue  shift o f  the p h o to n  (ra tio  o f  observed  energy 
h co0 to at J + em itted  energy h co) is

co0/co = (goo) 1 / 2  =  I 1 ~ 2 M

r o

- 1/ 2

But co/T  =  const a long  the  light ray  (see [10]). T ha t

I 2 M  \ ~ l / 2

is why T\ = T  1 -----------
\  '0

A ccording to (9), M l r \  is the  m a g n i tu d e  o f  the 
acceleration  (m easu re d  by an  observer  at J +) o f  a 
partic le  at rest in the  g rav i ta t iona l field o f  a n o n ­
rotating  black hole. It tends  (see [11]) to the  so- 
called “surface g rav i ty ” x w hen  the  part ic le  is 
infinitesimally close to the event horizon. F o r  a 
Schwarzchild  b lack  hole  x = ( 4  M ) ~ ] (c = G = I). 
So. the tem p e ra tu re  o f  the  rad ia t io n  nea r  the 
horizon is T, =  x /2  71 as seen by an o bserver  at J +. 
Since the te m p e ra tu re  T2 fa r  f rom  the horizon  is 
negligible, the P oyn ting  vector (see (5), ( 6 )) is

7  x j  1 f  f; m  M ( o o )  do j
P =  p ( a j ) d c o  =  -  -----------—  ' '

0  tc 0  exp [// co/kT{\  -  1

2 M

(!) (1 dojf;

exp [ti co0 ■ 2 n / k  x]
(15)

T h e  equa t ion  o b ta in ed  exactly  co incides with 
the results o f  the  n u m e ro u s  s tud ies  o f  the  H aw k in g  
rad ia tion  p ro du ced  on the  basis o f  usual q u a n tu m  
field theory  in cu rved  spacetim es. Z e ro -p o in t  oscil­
lations do  not co n tr ib u te  d irec tly  to the  (15) energy 
flow. But, o f  course , they  in f luence  it th ro u g h  the 
expression for the energy o f  the  e q u i l ib r iu m  fluc­

tua t ing  field

E  ~  Y j {ti ojz -I- h co y,/{exp [ti t o J k T ]  — 1)},

w here  the e igenfrequencies  coa d ep end  on  d.
(b) T o  give a m ore  com plete  descr ip t io n  o f  the  

vacuum  stress-tensor in the region [ 2  M, 00] we can 
use ( 2 ) - ( 4 )  with d  being  the “d is ta n c e ” in the  
accelerated (or R ind le r)  fram e o f  reference:

2 M  \ 1 / 2  , 
d = c = \ \ ----------- 1 r2/ M .

But the tem p era tu re  T  = T( r )  varies from  one 
poin t to another. H ence  we shall ca lcu la te  the 
( P n )vac. in the vicinities o f  r, and r2 first.

T h e  p roper  accelera tion  o f  the r2 b a r r ie r  is

M l  2 M \ ~ U1
b 2  = — j  1 ----------- 1 , where

A 2 \  d 2

A 2 = ( [ / ( / +  1 ) ) - u l / c o - M ) 00

if  co —► 0. T he  spherical conducto r  th a t  is far  from 
the horizon can be represen ted  by two p lane  co nduc­
tors with equal tem p era tu res  b2 ]/ 2 n  and  acce le ra ­
tions b2 1. To describe the  region [r2, o c ] ,  the  d  —► oc 

lim it o f  (3) should be involved. H ere  ( T d ) $> 1, and  
( 7 ^ 'v)vac. is d o m in a ted  by the S teph an -B o l tzm ann  
value  all over the space:

A = 0 .  C = 0 ,  B =
n 2 T 4  

~90~

M 4
(16 a )

1 4 4 0  n2 \ 1 -
2 M 2 ■

T o describe the s i tua t ion  near  the o th e r  side o f  the  
/• 2  b a rr ie r  it should  be noted  th a t  th e  spherical 
conduc to r  can be exchanged  w ith  a p a i r  o f  flat 
p lates tha t  rest in the  Schw arzchild  g rav i ta t iona l  
field. Applying D e W it t ’s (see [12]) express ion  for 
the  scalar field v acuu m  stress-tensor b e tw een  the  
C as im ir  plates, we ob ta in

\ Ä /  vac. 1440 d t
d iag  ( - 1 . 1 ,  1, 3) (1 6 b )

n 2M 4

1440/-8 1

d iag  ( - 1 , 1 , 1 ,3 ) .
2 M

E quations (16) are  in good qu a li ta t ive  ag re em en t  
with Frolov's exact ca lculations [13] o b ta in e d  by the
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usual q u a n tu m  field m e th o d s  for B ou lw are  v acu um :

M2 f (2 — 1.5 x ) 2

1440 7T2  r2 ,.6 (1 -  .V)
( -  ÖI + AÖ^Ö*)

+  6  (3 Öq <5° +  Ö\ <Sp

A- =  2 M /r . (17)

In the region nea r  the  “ n o n a cc e le ra te d ” s ide  o f  the 
r2 conductor ,  (16 b) for negative  ( 7 ^ v) vac co rre ­
sponds to the absence  from  the  B ou lw are  v acu u m  
By  o f  b lackbody  ra d ia t io n  w ith  t e m p e ra tu re  
T2 = b2]/2 n. This  m ean s  th a t  i f  th e rm a l  rad ia t io n  
with T2 were ad d e d ,  the  resulting  state w ou ld  be 
indis t inguishab le ,  n e a r  r2 , from  the usual M in ­
kowski vacuum . In (16 a )  ( T MV\ ac is positive; tha t  
corresponds to the  presence  in the  [r2 , o o ] region 
(near  the “ acce le ra ted ” s ide o f  the  r2 co n d u c to r )  o f  
positive virtual rad ia tion .

T he  p ro p e r  accelera tion  o f  the  r\ b a r r ie r  is

b7] =
M 2 M - 1/2

( 2 A / + J , ) 2 y  2 M + A x

w here  A \ =  8  M3 co2/l (I +  1).

If  we exchange the  /-] co n d u c to r  w ith  tw o pla tes  at 
the dis tance d apart ,  we can app ly  D e  W it t ’s 
eq ua t io n  to descr ibe  th e  s i tua t ion  in the  region 
[ 2  M r , ] :

n2M4

1440r 8
2 M

diag  ( -  1, 1, 1, 3 ) .  (1 8a )

O r, equivalently ,  we can use the  (Td) <  1 l im it  o f

2 M x u l
(2) with d ^  4 M  1 -

B = 0 ,  C = 0 ,  A =
1440 dA

1440 (4 A/ ) 4  ( 1 —2 M / r ) 4 ’

7T6
(T 'o o ) =  -

* / 2M \ 2
90 ( 8  n M)4 1

~ r )
(1 8 b )

Again the equa tions  o b ta in ed  are  in good  ag ree ­
m ent with Frolov 's  eq u a t io n  (17) for Boulware 
vacuum . T he  B}  v acu u m  in [2 A/, /•,] is d e ­
pressed below zero by an am o u n t  co rrespo nd in g  to 
the  absence from the v acu u m  o f  b lack bo dy  rad ia-

/ 2 M
t ion at a te m p e ra tu re  T — 1 / 8  tt A/1 1 --------------

It is this purely  virtual C as im ir  energy th a t  enables 
the  black hole to con trac t  w ith  n o n u n ifo rm  acce le ra ­
tion.

To describe the s i tua t ion  near  the o th e r  side o f  
the /•] conductor ,  in the d irec tion  o f  accelera tion , we 
can again  utilize the {Td )^>  1 lim it  o f  (3) with 
d -*■ oo . < 7 ^ v)  is d o m in a ted  by the  S tephan-Boltz- 
m an n  value all over the conductor :

A = C = 0 , B = +- TV TA 
~90~

90 ( 8  tt M)  1 -
2M 2 • (19)

The  expression (16 b) for the “ un acce le ra ted ” 
side o f  the r2 b a rr ie r  can be o b ta in ed  in a way tha t  
clearly reveals its physical significance. If  we ex­
change the r2 condu c to r  by two plates at d is tance

2  M \ wl
-----------apart ,  the  {Td )  /  l im it  o f  ( 2 )

^ 2  I
can be involved to descr ibe  the s i tu a t io n  in the 
vicinity o f  r2 :

n 2
B = C = 0 .  A = ------------- t

1440 d

2 M \ 2 A 
14401 1 ------— I A%

< 7 ’oo> =  -

1440
2 M

(2 0)

O f  course, the result is too rough  to p re tend  a 
deta i led  descr ip tion  bu t  it helps to reveal an  im ­
portan t peculiari ty  o f  the  rad ia t ion  p ic tu re  be tw een  
the  /•] and r2 conductors:  any observer in the [ /• ] , /-2] 

region sees two flows of blackbody radiation crossing 
each other. T he  d o m in a t in g  positive flow with 
r ,  =  (8 7 1 M ) “ 1 com es from the r, co n d u c to r  and
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the  / *2 cond u c to r  im plies  the  second one, o f  negative 
energy. It com es from the  surface o f  r2 and co r­
responds to the absence  from the vacu um  o f  b lack - 
bo dy  rad ia t ion  with T 2 =  (2 n b2) ~ \  according to 
an o bserver  at J +. An observer  tha t  rests (/' =  /‘o) 
inside the  d o m a in  [/•,, /-2] sees two flows with

T, =

7 \  =■

7lM\ 1 -
2 M

and

M

Inc
A n  /-o l -

2 M  

ro
T h e  resulting flow

( j  oo\ = ----- [ Y\
\  7  90 1

r:4]

TT2 (1 -  A-8) 2 M

90 ( 8  n M Y

(21)
is in com ple te  ag reem en t with (7) for d — 0. E q u a ­
tion  (2 1 ) is also in good  q ua li ta t ive  ag reem ent with 
Page's [14] exact fo rm u lae  o b ta ined  for the Hartle-  
H aw king  vacuum :

*)

<7X>h
90 ( 8  n A/ ) 4

[ 1  - ( 4 - 3 . v ) 2 a 6] [ ^ - 4 ^  öj\

( 1 - A - ) 2

+  2 4 . v 6 ( 3 ^ < 5;  +  ^ ( 5 >) |  . (22)

Thus, all the  th e rm a l  r ad ia t io n  is “ b o r n ” w ith in  
the region [/■), r 2] be tw een  the  conductors .  Its 
b lackbody  sp ec trum  is p ro d u c ed  by the  in terac t ion  
o f  zero-rest-mass f luc tua t ions  w ith  the  con du c to r  
surfaces. T h e  d o m in a t in g  flow is d irec ted  from  r, 
to r2 { T \ >  T2). T h e  partic les b e tw een  the con­
ductors  are  v ir tual ones. A nd  they  w ou ld  rem ain  
virtual i f  this w ere  the  case for real b lack  holes. Yet 
it is only the  sca t te r ing  aspect o f  the  Schw arzchild  
g rav ita t ional field th a t  was d escr ibed  by o u r  ideal 
model. T h e  exchange  o f  th e  b lack ho le  po tentia l 
b a rr ie r  with two rem o ted  ideal conduc to rs  is an 
a p p ro x im a t io n  merely. T h e  real po ten t ia l  b a r r ie r  o f  
a black hole fo rm s a “ be ll” th a t  lasts con tinuously  
from zero m a g n i tu d e  at the  h orizon  up  to zero 
m ag n i tu d e  at spa t ia l  inf in ity  pass ing  th rou gh  the 
m a x im u m  at r = 3 M .  T h e  reflecting p rop e r t ie s  (1),
( 1 0 ) - ( 1 3 )  p ro v id e  th a t  the  b a r r ie r  beh aves  as a real 
co nduc to r  and  not an  ideal one. It conducts  well at 
low frequencies ,  b u t  as the  frequenc ies  increase, 
its conductiv ity  d im in ishes .  H ence the  H aw king  
rad ia t io n  is “ b o r n ” inside the  “ b e l l” fo rm ed  by a 
po tentia l b a r r ie r  o f  a n o n ro ta t in g  b lack  ho le  in all 
the  region [2 A/, x ] .  T h e  H aw king  flow is d irec ted  
from the [2 A/, 3 M]  region to [3 M.  o o ] tail o f  the 
po tentia l barr ier .  T he  partic les inside the  bell are  
v irtual ones. But they  can  b eco m e  real a f ter  passing 
th rough  the [3 M,  x ]  tail,  a p p e a r in g  to an observer  
at fu ture  infinity  J + as “ rea l” ones, c rea ted  by the  
accelerated  tail o f  the  po ten tia l  barr ier .
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