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Dear Basilis,

I have now received your various communications; but more
of this later.

I am enclosing with this letter a completely revised and
completed n~1 version of the paper; the notes relative to the last
two sections; and the diagrams, (Not all of the diagrams will be
included in the final paper.)

I have spent a great deal of time (far more than what I
normally do) with the n-1 copy I am enclosing. I should particular-
ly like you to check all the formulae&for scientific accuracy. My
plan is that on returning from India I will write the nth copy,
taking into account whatever comments you may have on the present
n-1 version, have the manuscript typed in final form, and send it
to the Royal Society before the end of the month (February).

I cannot promise that when making the final copy of the
paper I shall be able to accept all of your recommendations, even
though I shall give them due weight, For example, I have in fact
thought about many of the things you have written with respect to
the earlier n-1 copy; and in most cases I have decided against them,
To illustrate the mature of my reactions let me go through your var-
ious remarks in your letter of January 21 (a Xerox of which I am
enclosing) concerning the n-l1 copy you have read,

1, If "somebody" has never heard of the two previous pa=
pers, then it is high time that he did (i.e., if he cares).

2. I have deliberately postponed my comments on the physi-
cal grounds for choosing the equation of state € = p to the very
last section,

3. If one does not know that the signature I have always
used (and used in M,T,) is (+ = = =) and is standard whenever one
uses the Newman-Penrose formalism, then one had better learn (again,
if he cares:).

5. I wish to retain equation (4) as written since it is
exactly the terms which appear on the left-hand side of this equation
that one eliminates from equation (3).
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6,7,8, and 9., 0.K.
10, I had already taken care of this in the parts under-
lined in red on pages 4 and 8, See also the note that I am now add-
ing on page 10,
[\“Amh“\is -~ 11, I cannot confirm the 3p
(o ¢ ‘-'\ .
120 O.K.
——> 13, I cannot confimm your correction,

14, 0.K,

15, Before section 4 I emphasize in each case whenever
the assumption € = p is involved.

16, I do not believe that there exists a single person,
besides us, who has used the equations that have been used in the
earlier papers. I am also sure that no one has checked the formulae
in papers 1 or 2, And I am not really interested in making my papers
readable for those who do not care,

l?. ODK.

18. The revised manuscript takes care of these remarks,

2

19, Since ‘U,- u§ = 1 must be an integral of the equa-
tions of motion, I should not see any reason to exhibit an explicit
verification, The mystery to which you refer is that they are ex-
plicitly in the gauge adopted.

20, O0.K,

21, No, I do not think the denominator should be (/ -fa*)%.

22’ 23. OOKD

24, The revised version takes care of this remark.

25. See the underlined word on page 27.

26 O.Ke

Now with respect to the various letters and mnotes that you
have sent. I am afraid that I have only glanced through the pages
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and not scrutinized any of it. My concern throughout has been to
obtain a physically significant solution when X , dys B, and My

(not ﬁg), are exactly the same as for the vacuum, And I am satis-
fied that the resolution of the various difficulties that you raised
(Cassandra=-like!) have been satisfactorily resolved. In saying this,
I am not suggesting that your various alternative considerations

may not be relevant for further extensions and generalizations, I
shall return to these other possibilities at a later time, but I
should like to keep the present paper as it is, Please forgive the
stoccato prose of this letter; but I am under great pressure,

Best wishes,

Yours sincerely,

Cham dna

S. Chandrasekhar

enclosures

Pes.: Bob Geroch has meantime read the manuscript, While he finds
nothing mathematically inconsistent or physically without meaning,

he confesses to some uneasiness, This uneasiness is expressed in the
additional paragraph I have now clipped to page 36, I am also send-
ing a copy of the manuscript to Roger Penrose,

Even though you seem psychologically averse to accepting my view
that the assumption, forfk@ and q,, the solutions that are valid for
the pure gravitational problem, must lead to a non-trivial solution
of the present problem, I should be grateful if you can make a real
effort to resolve Bob's uneasiness, He has promised to devote some
time to this problem himself during my absence in India,

I hope that my 'castle' does not collapse to dust!
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THE UNIVERSITY OF CHICAGO
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Laboratory for Astrophysics
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Dr. Basilis Xanthopoulos
Department of Physics
University of Crete

P.0. Box 470

711 10 IRAKLION

GREECE

Dear Basilis,

I have read all your letters concerning the 'null dust’
and its relation to the perfect fluid & = p quite carefully. I
do not have any objections to any of the specific things you have
said; but I am afraid that I have been unable to communicate to you
my own point of view on the subject.

Please consider the following not for arguing for or
against any particular position, but rather as a clarification of
what I understand and what I do not understand.

To first state matters on which I think all will agree:

{3
An explicit expression for the energy momentum tensor 7-.)
I
together with the divergence condition ( 7'j£; ) cannot specify

a problem uniquely. By suppressing some information or ignoring
some other, we can have different evolutions. All the examples you
have given are in this category.

Your reduction of the energy momentum tensor for a Maxwell
; ,
field to the form [ 7 = !i é‘f’ (-"null) and then arguing only

in terms of 7-9 ignores other information derived from Maxwell's
field equations. I do not need to labor this point since, after all,
the energy momentum tensor for a perfect fluid involves two functions,

& and p, unrelated, if you choose to ignore the equation of state
which physics provides.

The facts on which I put the maximum emphasis are the fol-
lowing: When one has a solution of the field equations for & = p
in region I, the nature of the substance in regions II and III is
uniquely determined; and the transition is made possible across a
null boundary on which & = p = 0 and the four-velocity becomes
null. The continuation of the solution into regions II and III as
massless particles describing null geodesics, appears therefore en-
tirely reasonable. I understand then how massless particles derive
from an & = p fluid in region I. The question I want to ask is,
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is there any way in which the massless particles in regions II and
III can be characterized so that their transition into a perfect
fluid will appear equally naturally? And the fact that we cannot is,
in my judgement, the basic problem.

To state the matter somewhat differently, at a macroscopic
level — a level to which you seem to restrict yourself — the problems
you seem to have considered do not violate other things we know. But
at a microscopic level, there is clearly a lack of understanding.

The principal question is, what is the physics underlying a substance

with the energy momentum tensor, T'-): Ké’é{ which can transform
into a perfect fluid with € = p when & - h-0. In other words,

by what other information must we supplement the expression for 7_27
in order that we can understand its transition to a perfect fluid?
I do not know how to answer these questions.

One last point: I do not think that one can use the word
'null dust' to justify that one must necessarily associate the sub-

stance described by T?z Ké”f) as pressureless. One does not
solve problems by definitions. In fact, I think all the words we
have used in this connection, namely, null dust, null fluid, or pure
radiation, do not have precise meanings. It is not impossible that
there is a single uniquely definable substance which can effect tran-
sitions to an '€ = p'-fluid in both directions. Perhaps one ought
to read the original paper of Zeldovich more carefully,

With best wishes,

Yours sincerely,

C A andnn

S. Chandrasekhar
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August 6, 1985

Dr. Basilis Xanthopoulos
Department of Physics
University of Crete

P.0. Box 470

711 10 IRAKLION

Dear Basilis,

With regard to the coefficient 2 in equation (2),
this is what follows from Paper I, equation (11), if you
put & = p. On the other hand, if you put p = 0 in equa-
tion (10) you get

t
TY. €u'e!
The fact that letting &L become a null vector depends on
whether one first puts p = 0 and then lets the four-velocity
become null, or one puts & = p and then lets the four-velocity
become null. This clearly illustrates the nature of the ambi-
guity. The apparent conflict between equation (137) of Paper I
and what I have written as equation (2) in the present paper
has its origin in this ambiguity. On the other hand, if onme
considers tracelessness as the essential criterion for a null
dust, then what we have in regions II and III in Paper I is
indeed an (& = p)-dust. I believe this is in agreement with
what you first found already last fall. I do not want to go
into all these in this paper; and so I should prefer to leave
equation (2) as it is.

I have checked the formulae in this paper rather care-
fully with the nth version; and I hope it is 0.K. As I told
you, I shall be on a short vacation between August 16 to 26th
inclusive, partly for the reason that I am extremely tired at
present and partly for the reason that my doctor has so advised,
rather strictly.

I hope that the proof of our first paper will be here
before I leave on vacation.

With best wishes,

Yours sincerely,

A ‘.,‘L d&tdtﬂ

¥

S. Chandrasekhar

enclosure ' i

p.s.: I have just received the acceptance &i-?aper THac
iR
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THE UNIVERSITY OF CHICAGO
THE ENRICO FERMI INSTITUTE

933 EAST 56TH STREET
CHICAGO - ILLINOIS 60637
AREA CODE 312-962-7839

Laboratory for Astrophysics

and Space Research

August 13, 1985

Dr. Basilis Xanthopoulos
Department of Physics
University of Crete

P.0. Box 470

711 10 TRAKLION, CRETE

Dear Basilis,

I have your two letters of August 4. My answer refers to the
one in which you express your doubts about the 'secretive' nature
of the null dust in its relation to ( € = p)-fluid.

Without answering any of your questions directly, let me point
out two aspects in which the problem considered with respect to the
( € = p)-fluid differs from the other problems of a similar kind,

(1) Both the Khan-Penrose and the Nutku-Halil solutions are
'time reversible' in the following sense: start with two impulsive
waves moving in opposite directions; the result is the scattering
and focussing described by the solution one finds in region I. At
the same time, one can start with the solution in region I and ex-
tend it to regions II and III and IV and one obtains the time-re-
versed solution without ambiguity.

On the other hand, starting with the solution appropriate
for € = p in region I, you get uniquely null dust in regions II
and III. The time-reversed of this problem does not yield a unique
solution for region I.

(2) By extending (with time reversed) the solutions obtained
in region I into regions II and III, you either get a flat space or
a solution of Einstein's equations, when you are dealing with pure
gravitation. In the case of a coupled gravitational and electromag-
netic field, again the problem, as far as I can see, is time rever-
sible in the sense I have described, On the other hand, you can
suppress some known internal parameters and you can get ambiguities
of the kind you point out. The essential difference with the case
of null dust is, you do not know what the internal parameter is
that is suppressed or not suppressed.

The conventional wisdom is that the specification of the energy
momentum tensor does not specify the system uniquely. But the para-
meters and functions nmot included in the energy momentum tensor are
known on physical grounds and governed by equations which supplement
the Einstein equations. But what are these other fumctions or para-
meters which yield the same macroscopically described null dust?
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page two
Xanthopoulos
August 13, 1985

I talked to Roger Penrose over the telephone the other day
and he agrees with me to the extent that the problem presented by
null dust and its relation to ( & = p)-fluid is far from clear,
Bob Geroch and Lee Lindblom think there are no problems; and so
do you, I may not understand the problem as well, but I am satis-
fied for the present that I am in good company!

Now to another matter which is of immediate urgency to me,
Going through Chapter 1 of my book, there are unfortunately many
misprints derived from boldface characters appearing as light face
characters and conversely, In the enclosed Xerox copies of pages
from my book I have indicated all such places which I have noticed.
I should be grateful if you will scrutinize the entire Chapter 1
for such misprints and see if you can spot others which have escaped
meo

I am leaving for a short vacation later this week, and I ex-
pect to be back by August 24 or 25,

Yours sincerely,

K/L G dna

S. Chandrasekhar

P.s.: I believe the emergy condition requires & >p. Therefore
G - p can only be a positive constant: ( & - p)<O0 is un-
physical,

enclosures
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THE UNIVERSITY OF CHICAGO
THE ENRICO FERMI INSTITUTE

933 EAST 5 TH STREET
CHICAGO - ILLINOIS 50637
AREA CODE 312-962-7839

Laboratory for Astrophysics

September 20, 1985

Dr, Basilis Xanthopoulos
Department of Physics
University of Crete

P.0. Box 470

711 10 IRAKLION

Dear Basilis,

I am enclosing herewith my revision of the introdue=-
tory section of the null-dust paper, You will notice that I
have made use of your description 'phase transition.' I believe
that the introduction adheres strictly to what can be said con-
sistently with what we know,

After comsiderable hesitation we have given in to the
temptation of spending two weeks in Crete, leaving on October
26th or 27th and staying for the two-week period ending on Novem-
ber 9th. The reason for the alternative dates for the date of
our departure is that we have definite reservations for October
27th but we are 'wait-listed' for October 26th; but in either
case we shall come via Copenhagen, Frankfort, and Heraklion by
Lufthansa Fight 314 (from Frankfort) arriving at 4:50 p,m, I
shall let you know the exact date of arrival October 27 or 28 as
the case may be, at least a week before our departure.

I sent yesterday my formal request to the Administration
for your appointment as a Visiting Scientist for the period Jan-
uvary l—August 31, 1986, While I am of course very glad that you
will be spending six months at Chicago, I think it is only fair
to warn you that our collaboration may not be as fruitful or as
fortunate as during the past year: the problem of colliding waves,
first coupled with the electromagnetic field and then with fluid
motions with the equation of state €& = p turned out to be more
fruitful than I had any reason to expect., And I do not know
whether I am sufficiently ambitious at the present time to em-
bark on anything new which may have a comparable outcome, As you
know, already when I was writing the book I was contemplating giv-
ing up practicing science as I have been used to, Four years have
elapsed since then; and I am very clearly at a watershed at the
present time, I certainly would not recommend anyone depending
on my future,
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In saying all this I am not suggesting or recommending
that you change your present plans for your sabbatical — at least
for the earlier part of it, There are others in Chicago who
would provide as stimulating an atmosphere for scientific re-
search as any that you can find elsewhere in this country.

We will have more chance to talk about these matters
when we come to Crete,

With best wishes,

Yours sincerely,

g dna

S. Chandrasekhar

enclosure
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Laboratory for Astrophysics
and Space Research July 26, 1985

Dr. Basilis Xanthopoulos
Department of Physics
University of Crete

P.0. Box 470

711 10 TRAKLION

Dear Basilis,

I am sorry that since our brief conversation over the
telephone on July 8 (soon after our return from the Canary Islands)
I have not been in communication with you even though I have re-
ceived several weighty (.) packages from you including the revised
version of what was once '"paper III" (my version of which you de-
scribed as 'weak'); the manuscript of the ?aper based on the sim-
plest solution of the Ernst equation for E' (in the notation of our
Einstein-Maxwell paper, $4); and the extensive calculations you
have done on the problem p = & + constant. The fact is, I have
been extremely busy and deeply concerned with the problem of the
null dust which has now resulted in the nth version of a paper that
I am enclosing, I shall deal with the circumstances of this last
paper first, and return briefly to the various other papers later,

Let me first explain the origin of the present paper.
As I have told you on several occasions the underlying cause for
the transformation of null dust into an ( & = p)-fluid has been
discussed at great length, particularly by Geroch and Lindblom
(but almost entirely in my absence); but they have kept me informed
of the results of their discussions. I am enclosing my account of
the principal results of their discussions (document A) which I
originally intended as a part of the present paper -- an intention
that I have now discarded. A further development originated in a
referee's comment and in my response to it (copies of which I am
enclosing -=- documents B,) The referee, as I suspected, was Roger
Penrose, whose subsequent letter coming into the open is also en-
closed (document C)., All these provide the background for the paper
I have just written; and I gave priority to writing it over all other
matters.

I think the final version of the paper, together with the
various enclosures, should make your reading of it and checking the
details very easy. (May I say parenthetically that after your tele-
phone call telling me that my original equation of continuity for
null dust had omitted some terms, I was able to correct the deriva-
tion the same afternoon; and my efforts to reach you before we went
to the Canary Islands the following day did not succeed, )
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I should be grateful if you will check all the formulae
very carefully, since I have not taken as much care over them as I
normally do; also, that you call me as soon as you have checked the
paper for whatever corrections and comments you may have. (Since
it has happened that, whenever you call me from your office, the
connection was broken in the middle, would you please tell me first
the number from where you are calling so that I could call you
back.)

There are a very large number of questions that require
clarification in the context of our two papers (the one in press
and the present one). But I should like to postpone these matters
until such time as we are able to meet either in Crete or in Chi-
cago. [Incidentally, what is the status of your sabbatical? When
is it likely to start and what is the length of the period you might
stay in Chicago? As I have told you, I can promise support to the
extent of $10,000, I may be able to increase the stipend a little
if the period of your stay in Chicago exceeds six months; but T
cannot promise,]

Now to your various other packages., First, I have not
spent any substantial time on them; and I do mnot know how much time
I will be able to spend during the next two months, The fact is,
my Mathematical Theory of Black Holes will go for its third printing
in September; and I want to go over the entire book scrutinizing
it for minor misprints, I must give the highest priority to this
awful job; but I have no choice! For these reasons my following
remarks are first impressions; and hopefully I shall write to you
in greater detail within the next week or ten days.

With regard to "paper III", I hope you will not mind my
saying that it is very much a "portmanteau", in that many unrelated
matters are included though each matter has some relevance (like
objects in a portmanteaul). And, changing metaphors, I feel that
the focus of the paper is blurred by mixing it up with the coupling
of the gravitational field with ( & = p)-fluid. I feel this more
strongly now, since matters concerning null dust and an ( & = p)-fluid
are special and must be treated in their context, The appendices re-
late of course to the more general problem of the identities among
special functions that one can obtain by using Riemann's integral
formulation of the boundary value problems derived from hyperbolic
equations in the cases where the Riemann's function is known. My
old paper (of which you have a copy) gives some examples. And again
the inclusion of this material distracts from the main purpose of
the paper. My earlier version, though weak in your opinion, had at
least a well-defined focus. If I were to write the paper (and I am
not sure that I want to) I should reorganize the material differently.
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With regard to your solution for the collision of gravi-
tational waves based on the simplest solution for the Ernst equation
for E1-, I think the introduction is far too long., I really do not
see why a fourth or fifth paper in the present series should trace
the history back to Adam and Eve. Again, the focus of the paper is
lost, I should drastically cut the first 4 pages of your introduc-
tion to mo more than a page; and perhaps I would also eliminate much
of what you say in pages 7 to 10, And again I must defer my finmal
judgement to a later letter after I have read the paper more care-
fully.

Finally, I am most impressed by the amount of calculations
you have done on the (p = € + constant)-problem, But I have not
been able to form any coherent picture, And as I told you, with the
limitations on my time I do not know when I shall get to this work.

I hope to receive your call concerning the enclosed paper
before August 12 since I should like to have the paper typed and
sent to the Royal Society before my wife and I go om a short vacation
in northern Wisconsin for the period August 16-26.

With best wishes,

Yours sincerely,

C Ao

S. Chandrasekhar
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