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Viki is the mester of order of magnitude estimaces. [ shall avail
myself of his art for some considerations pertaining to the question
posed in the title. In this way I hope to arrive at s more direct under-
scanding of the number 107 which is usually quoted in this context [!!.
Since I alvays considered the entropy as a local notion and never thought
that there was too much sense ia talkiag sbout the enccopy of a black
hole as a whole my knowledge of the relevant literature is rather scanty.
It is therefore likely that the following trivialities have appeared in
some papers and I have to apologize to vhoever aight be the author. In
any case they do not seem to be widely known and illucscrate how such
considerations, in thes adbsence of a complete theory, give the feeling

that one has understood something.

1. The Simple Argument

When people quote this outrageous 1076 for the entropy of a black
hole of cthe mass of tha sun they sometimes blame the wild sicuation

inside [2) for che incresse by the factor 1020 over che encropy of a

star. One talks about many degrees of freedom being excited, all sorts k
of quarks and perhaps preons around etc. I shall adopt the point of

view that che question about what happens inside & black hole is illegi-~

timate and for us the only data of a black hole is its energy Mc? and

its radius xM/c? (forgetting for the moment e and J). Furthermore I join

those wvho believe that it will eventually evaporate [3]. As encropy I

shall ascibe to it che entropy coming out in the form of radiation. Now

Viki has told us that one particle has got one unit of entropy and since

the only length in the problem is «M/c? the emarging photons (or other

mass zero particles) will have an

energy = c-somsntus * ch/vavelengeh = ¢3K/xM .

Thus 1 have
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entropy = number of particies = total energy/energy per particle =
= Mcl/(c)R/xM) = (<M/c2)2/(cB/c?) = surface pmasured in

Pianck length = (:ﬁlc’)'lzl . 4]

Since the surface (measured in (cm)? as is still dear to the heart of
Viki) is 10'0 a.d the Planck length 10733 I get cthe fabulous 1076,

2. A More Mathemstical Argument

One might object that in the previous argument it was too simple
to give all photons the vavelength of the original xM/c? since upcn
radistion the black hole will shrink. Though this is correct it does
not macter too much since wost of the eacropy is in the iradio waves
and the final flash involves litzle entropy. To see this I call N(.)

the frequency spectrum of the emerging particles and £ the energy of

the black hole after particles with a frequency < v have been radiatad.

v will agsin be related to E by

vavelength « % = radius = xB/c"* .

Thus
v S
E=Mc? -K[ dv' N(V) v e S, (2)
Yo

Differentiating with respect to v givas

s
N(v) = (3)
Ryl

and Yo is determined by

- s
me? = B[ dv N(v') v e S
Vo vG
or
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vl xM/¢? = original radius.

[}
Thus
g S 3 242
cntropy-! dvl(v)--;T‘--L-%n—;‘H -%of ) . (4)
% vo *

Thuy all this machematical effort only tells us that the origina’ argument
overestimated the entropy by a factor 2 which in face of 10’5 is not so
bad.

3. The Complete Theory

A serious investigation would have to incorporate the reactiox of
the emitted radiation onto the gravitational field. Since the radiation
is of quaatum origian one will have to decide what to do sbout the
quantization of the gravitational field. A few decades ago it was sti'l
claimad [4] that there is no logical necessity for quancizing gravity
bacause one can construct consiscent theories of a classical field intar-
acting vith a quantum system. However, this claim has never been sub-
stanciated by exhidbiting and exploring fully such a theory (ses Ref. [5]
for a reasonable discussion of this matrter). For gravity no experimentcal
fact has so far indicated whether it should be quantized or not. However
there is che empirical fact that the people who predict that there shouid
ba a perticle associasted with a field, starcing from Yukawa up to Clashow,
Salam and Weinberg, usually end up with the Nobel prize. This msy have
changad the psychology so that nowvadays nobody seriously questions thet
gravity should be quantized. Unfortunacely, nobody teally knows how to
do that. Thus, since one neither knovs how to quantize nor how not to
quancise gravity the section on a complete thesory ends right at its
beginning. One can only hope that there is something to the argumancs
& 1a Viki even if ons does not really understand the matcer.
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