NOTE: Below are my answers to Professor Paul Davies. He wrote to Professor John K.
Webb about my work and his dupid remarksto Webb arein bold type. My replies arein
normal text.

My initial reaction isone of skepticism and puzzZement. Thetextbook version of the
Schwar zschild metric has been proved to be the unique spherically symmetric
vacuum solution of Einstein's equations. It isnot possibleto have several
contenders. Any metrics which purport to be spherically symmetric vacuum
solutions must therefore ather be equivalent to the textbook Schwar zschild solution
and derivable from it by a simple @ordinate transformation, or they are not
solutions at all.

Red| Schwarzschild’s actual solution:
1) ds’ = (1 - a/R)dt? - (1 - o/R) ™ dt? — R¥(dB? + sin’0 d¢f),
o =2m, R=(*+0®)"® 0<r<ow,

The textbook version isincorrect — that is my point. Obviously there cainot be more than
one mntender. All solutions must indeed be able to be obtained from Schwarzschild's
solution by atransformation of coordinates. Hilbert’s slution cannot be so obtained from
(2). The Droste/Weyl solution can be so dbtained. Satisfying the field equations and far-
field flatness are not sufficient for fixing a spacetime. A boundary condition at r = 0 must
be gplied to fix the value of the metrical coefficient of the angular coordinates of the
line-element and thereby, the spacetime. The value of this coefficient seleds a particular
spacdime from an infinite family of one-parameter, inequivalent spacetimes. In the case
of the masspoint this coefficient reduces to a® when r = 0. Thisvalueis ascalar
invariant. Schwarzschild’s R? reduces to a?. Any such coefficient function which does
not reduce to o at r = 0 is cannot render a solution to the masspoint problem. This
condition is not known to the cnventiona analysis. Hilbert’s lution violates this
invariant condition. One annot arbitrarily make this coefficient zero whenr = 0.
Schwarzschil d applied this boundary condition and so obtained the only valid solution.
Theinterior of Hilbert’s metric is routinely described with non-static coordinates. Thisis
anon-static solution to a static problem. Contra-hype. Birkhoff’ s theorem actually says
nothing about the range on the radia coordinate. (1) can be easily shown to satisfy that
theorem.

It would betediousfor meto check whether your student's(1.1) isabona fide
vacuum solution, but a superficial argument suggestsit isnot. In thesmall r limit,
the solution reads ds*2 = (r* 3/3alpha™ 3)dt" 2 - (3apah"3/r3)dr*2 etc. Thisr"3



behavior contrastswith the 1/r behaviour of the textbook Schwar zschild solution,
and surely no coor dinate transformation can convert the oneto the other.

The oordinate radii are not important. What isimportant is that the proper distance from
an event to the singularity goes to zero as the mordinate radius goes to the singularity.
Coordinate radii are not well defined quantities. Droste's metric tensor is atransformation
from Schwarzschild's, so of course their radial coordinates will behave diff erently.

| show now that Schwarzschild’s lution satisfies the field equations. Take
Schwarzschild's metric as

) ds’ = A(r)dt? — B(r)dr? — C(r)d6* — D(r,8)de?,
where
A(r) =1- a/R, B(r) = [AMN] (2 + o®*3, C(r) = R?, D(r,0) = R%in%p,
R=(*+ao®)™ 0<r<ow.

The metric tensor so denoted must satisfy the vacuum field equations. Therefore, when
substituted into the expressons for the stressenergy tensor the metric tensor of
Schwarzschild must yield zeros. The expressions for the stress-energy tensor, as derived
long ago by Herbert Dingle (I have d@tadhed them below as an appendix), for avery
genera line-element where the mefficients are functions of ALL the wordinates, in the
case of Schwarzschild’'s metric (2) above, reduceto:

-8aT ', =-1/C + C ?/4BC*+ A'C/2ABC,
-8aT %, = C"/2BC + A"/2AB — C ?/4BC? - B'C'/4B*C - A?/4A’B -

-A'B'/4AB? + A'C'/4ABC,
T%=T2
-8aT %, = C"/BC- 1/C - B'C/2B*C - C ?/4BC?
and T =0, i #]. If you make the calculations yourself (see gopendix) you will verify the
above expresgons; or just trust my calculation of them. | have not made any errors. If you
make the alditional cdculations using these expressons and Schwarzschild’'s metric
tensor from (2) you will verify that Schwarzschild' s solution is *a bona fide vacuum
solution’, as | have done myself.

Here ae some details (the prime indicaes diff erentiation with resped to r):

C = 2r2/(r.3 + G3)1/3 A = arZ/(r3 + a3)4/3



'8T[Tl]_ — _1/(r.3 + G3)2/3 + [4r4/(r3 + a3)2/3]x[1 _ (X/(I’S + cx3)1/3] X(I’3 + 0(3)4/3/[4I’4(I’3 + G3)4/3]
+ O(I‘Z/( r3 + G3)4/3 x 2r2/(r3 + G3)1/3 x (r3 + cx3)4/3/|:2r4/(r3 + G3)2/3]

=-U(r°+a®)?? + U+ a2 - al/(P + a®) + al(rP + o)

=0.
In similar fashion it can be verified that al the stressenergy tensor expressons reduceto
0. It ismuch easier to work with Brillouin’s form of Schwarzschild’'s olution. In that
case

A(r) =r/(r +a), B(r) = (r+a)r, C(r) =(r+a)? D(r,8) = (r + a)’sin°e.

Thisform simplifies the cdculations. | used Schwarzschild's lution in the cdculation
aboveto proveit diredly. Using Brillouin’s form,

A’ =al(r +a)?, A" =-20/(r+a)®, C=2(r+a), C’'=2, B =-al,
-81T2%, = 2r/[2(r + a)?] - 2ar(r + a)/[2r(r + a)*] — [4r(r + a)?)/[4(r + a)°] +
+ (/) [2r3(r + a)]/[A(r + a)*] = [o®r(r + )]/[4Ar?(r + o)°] + o3r/[4r(r + a)’] +
+ [a/(r + a)’}{2(r + a)/[4(r + )]}
= 1/(r + a)*- a/(r + a)®- r/(r + o) + a/[2(r + a)*] - a¥/[4r(r + a)°] + a®/[4r(r + a)®] +
+a/(r +a)®
=0.
81T, = 2r/(r + ) — 2/(r + 0)? + (a/rd)[2r3(r + a)]/[2(r + a)*] — 4r(r + a)Y[4(r + a)’]
=21/(r + ) - U(r + o) + a/(r + o) - r/(r + a)®
=@r=r-a+a-n/(r+a)
=0.
Clealy, as| have said, satisfying the field equationsis not sufficient to fix avalid
solution. Consequently, additional conditions must be met for the fixing of a spacedime.
Hil bert’s metric does not meet them all and isinvalid. The onventiona anaysisis
ignorant of all the necessary conditions. Schwarzschild’'s lution medsthem al and is
therefore the only valid solution to the problem. Here is a metric that satisfies the field

equations, has aRicci curvature of 0, isfar-field flat, and meets all the standard
requirements for a solution:



(3) ds® = [1 - a/(r-a)]dt® - [1 - a/(r-a)] *dr? = (r-a)(d6? + sin®® d¢?),
O0<r<oo.

Thismetricissingular at r = a and at r = 2a, but nowhere dse. Two horizons? Whereis
the source of the field? It can be obtained from Hilbert’ s solution in the same way

Hil bert’ s can be obtained from Schwarzschild's olution - by a simple but erroneous
transformation.

So | concludethat either (i) the student has misinter preted Schwar zschild's paper
or, (i) Schwar zschild made a mistake. | think (i) ismorelikely, particularly asthe
student appearsto have a hidden agenda, i.e. to provethat black holes do not exist.
(And I am bound to ask, what additional " mistakes" invalidate the Reissner-
Nordstrom and Kerr solutions, and why can't one recover Schwarzschild aslimits
from these?)

| have aorrectly interpreted Schwarzschild' s paper. Schwarzschild made no mistakes. His
paper is abeautiful pieceof mathematicd physics. The Reissner-Nordstrom and Kerr
solutions reduceto Hilbert’s metric for certain values of their parameters. Since Hilbert’s
metric isincorrect the Reissner-Nordstrom and Kerr metrics are dso incorred. | can
provide adetailed demonstration if necessary. | have no hidden agenda. The science goes
where it goes. One must draw consistent conclusions from the anaysis. The analysis
logically discredits the black hole.

| shall now make very plain the error made by Hilbert. Consider again the general metric
for the point-mass:

@ ds? = A(r)dt2 - B(r)dr2 - C(r)[de2 +sin’0 d(pz),
ABC,>0 forr>0, 0<r<oo,

A,B,C are dl unknown functions, therefore their forms cannot be pre-empted arbitrarily.
Also al one @n say about at this gageis,

(b) r-0 O A(@r) - A@0), B()-B(0), C(r) - C0).
These limits cannot be pre-empted either. Do now as Hilbert did, set

(©) r* = VC(r).

Then by (b) it necessarily follows that the lower bound on r* is,

(d) ro* =vC(0).

One @nnot know the value of VC(0) at this stage. One stil| doesn’t know what C(r) is. It
must be somehow determined. Hil bert unfortunately immediately dropped the* onrin
(c) converting (a) into



(e ds? = M(r)dt® — N(r)dr® — r3(de? + sin’8 d¢f),

0<r<oo,

from which he obtained his well -known solution. By dropping the * in (c) he dfectively

set C(r) = r?, which is arbitrary, and took 0 < r < o directly from (a) into (€) and finally

into his solution, in violation of (d). One can see from (c) that ther in (€) is not the samer
in (a). Just keep the * on r through the transformation to make this even cleaer. The rest

of Hilbert is deduction with an incorrect transformation jammed up in the works,

resulting in an incorred metric. It redly isthat smple. The aror is high schoadl level, but

it has been carried through since 1916, rather astonishingly.

You should simply ask the student to calculate the aurvature scalar R using (1.1)

and proveitiszero. | betitisn't.

Lucky you did not put money on thisone. The Ricd curvatureis zero.

To simplify the @l culations | use Brill ouin’s form of Schwarzschild's lution. The

components of the metric tensor are

oo = F/(r+0), O = -(r+o)/r, Oz = -(r+01)?, Oss = -(r+0)sin’6

and

Vlg| = (r+a)?siné.

The non-zero Christoffel symbols of the second kind are:

%= al[2r(r+a)] My, =-a/[2r(r+a)] % = U(r+a)
M= U(r+a) %,=cot 8 1o = ar/[2(r+a)?]
M= -r M= -rsin’e 2= -sind cos O

TheRicd curvatureis given by

R = g""{8%ax* ax" (Inv|g|) — [0/axP (v|g| T PINVIEI+T Pus T %o}

Now if you put (a), (b) and (c) into (d) you get

@

(b)

(©)

(d)



as| have verified. The clculationis:
R= (r+a)/r {[-/[(r+a)?sinB] x 9/or[(r+a)’sin® My + 2%, M} —
- rl(r+a) {9%0r% In (r+a)?sin® —1/[(r+a)?sinB] x d/dr[(r+a)?sin® Myy] + T %o T %:
T T+ T2 2+ T 35T %) -
-1/(r+0)? {0%067 In (r+a)?sin® —1/[(r+a)sin@] x o/ar[(r+a)’sin® M'yy] + 21 2, T Yo + T 35T %5}
- U[(r+0)%sin?] {[- V[(r+a)?sin6] x (8/dr [(r+a)?sind 3] + 8/88 [(r+a)®sin® %] )

13 2 3 3 1 3 2
+ [ haal P + T23 Mo + 1% Thag + %, %5}

(r+a)/r {[-1/[(r+a)?sinB] x [wasin®][a/(r+a)?] + 2a°r/[4r(r+a)*]} —

r/(r+a) { =2/(r+a)? =1/[(r+a)?sinB][- w0 (r-r-a)sin /r?] + a?/[2r? (r+a)?] + 2/(r+a)?} —

1(r+a)? {—csc?0 + sin@/[(r+a)?sind | [(r+a)? + 2r(r+a)] - r/(r+a) - r/(r+a) + cot’0} —

1[(r+0)sin’0] {Sin’0 + 2r’sin®0 /(r+a) +2cos’0 - sin’0 - 2rsin®0 /(r+a) - 2cos’6}

=0+0+0+0=0.

If you want, you can verify the whole cdculation; otherwise you can trust me - the result
is correct.

Remark

| have now reworked my anaysisin general terms, i.e. without referenceto any
coordinate system in particular. | have obtained correct and complete solutions for the
point-mass, the rotating point-mass, the point-charge and the rotating point-charge. The
paper that was $nt to you was preliminary, and rather vagarious. Not so with my latest
writing. | would be happil y disposed to d scussmatters with you, if you are interested. It
would be both interesting and rare. Most seem to want to keep their heads in the sand and
tell me to go away, mostly in rather unflattering terms.

Appendix |
Dingle’'s Equations
Dingl€e’ s generalized metric is

d< = -A(dx})2 — B(dx?)? — C(dx3)? + D(dx*)?,



where A, B, C, and D are positi ve quantiti es to give a spacdime signature of —2, and can
be functions of all the aordinates. The metric does not require sphericd symmetry. The
components of the generali zed energy-momentum tensor are then given by:
-81TY, = V4(0°BIO(x3)* + 0°CIO(x%))/BC - (8°B/(x*)? -
—3°DIA(x?)? )IBD - (0°Cla(x*)? - 8°DIa(x>)?)/CD)] -
- Y [0B/0x® CIox® + (0C/0x?)?]/BC? + [0CI0x* OB/oxX> +

+ (0B/0x%)7]/BC - [0B/ox* aD/dx” - (9D/9x?)?]/BD? +

+ [0D/dx? 0B/ax? - (9B/dx”*)?7/B?D - [aC/ax* aD/ox" —

- (0D/9x3)?/CD? + [0D/dx3 aCIax? - (AC/9x*)?/DC? -

- [0Clox? aD/ox* + aB/ax> aD/dx> - 9B/ox* dC/9x*)/BCD -
-(0B/ax* aC/ox /ABC - (0B/ox* oD/oxY)/ABD —

- (0Clox* aD/OX )/ACD } + A

-81T2, = VH(0°AI0(x%)? + 32CIA(x1)?)/AC - (°Ald(x*H)? -
—3°DIa(x")? )IAD - (9°Cla(x*? - 9°DIo(x3)?)/CD)] -
- Y [0AI0X3 dCIOX® + (9CIxMYIAC? + [9CIax* dAIoxX* +

+ (0A/0x3)YIAC - [0A/9x* ODIOX* - (aD/9xY)?/AD? +

+ [0D/ox* 0A/9x* - (9A/9x*?IAD - [dC/ox"* dD/OX* —

- (dD/9x3)7]/CD? + [aD/dx® dClax> - (9C/ax*)?/C°D-

- [0Clox* aD/ox* + 0A/9x3 aD/ax? - dA/9x* aC/ox™/ACD -

-(0A/0x? ACIAx?)/ABC - (dA/0x* dD/dx?)/ABD —

- (0C/0x? aD/OX?)/IBCD } + A

-81T%, = VA (0°AI0(x%)? + 0?BIA(x1)?)/AB - (°Ald(x*h)? -



— *DIa(x")?)IAD - (9°BIa(x*? - 0°DId(x?)?)/BD)] -
- Y [0AIOX® OBIOX + (0B/ox)?]/AB? + [0B/ox* 0A/ox* +
+ (0A10x%)?)/AB - [0A/9x* 0D/9x* - (AD/ax1)F/AD? +
+ [0D/ox* 0A/9x* - (9A/0x*IAD - [0B/ox* dD/OX* —
- (0D/9x%)?]/BD? + [0D/dx? dB/ox? - (9B/dx")?/B°D-
- [0B/ox* dD/ax* + 0AIdx? OD/Ax? - dAIdx* 0B/dx*|/ABD -
-(0A/9x3 9B/9x3)/ABC - (0A/0x3 dD/dx®)/ACD —

- (0B/0x® 0D/9x3)/BCD } + A

-81T*, = VA (0°AI0(x%)? + 0?BIA(x)?)/AB + (0*A/0(x3)* +
+ ?CIA(xM)?)/AC + (02BIo(x3)? + 0°Cla(x?)?)/BC)] -
YA [0AIOx? dBIox? + (0B/0xY)7]/AB? + [0B/ox' dA/IX* +
+ (OAI9x?)?IAB + [0A/0x3 aCIAx> + (9CIOXY)?)IAC +
+ [0C/Ioxt dAIOX* + (0AI9X3)?IAC + [0B/9x® 9C/ox3 +
+ (9C/9x?)]/BC? + [0C/9x* 0B/ox> + (9B/9x°)?/B’C +
+ [0B/ax* aC/ax* + dAIOx? 9CIax? + A9 0B/AX°]/ABC +
+ (0A/9x* 9B/ax*/ABD + (0A/9x* dCIax*)/ACD +

+ (0B/ox* aC/ox*)/BCD } + A

-8TATY, = -81BT? = - Y(8°Clax 0x?)/C + (9?D/dx*dx?)/D] +
+ YJ(C/ox* aCIox?)/C? + (0D/dx* aD/Ox?)/ID? +
+ (OAI9x? 9CIOXNIAC + (0A/9x? ADIOX™)/AD +

+ (0B/ax* aC/9x?)/BC + (0B/dx* 9D/dx?)/BD]



-8ATY, = -8nCT?, = - Y(9°B/ax'0x%)/B + (9°D/dx*9x3)/D] +
+Y4(0B/ox* 0B/9x>)/B? + (AD/dx* aD/ox>)/D? +
+ (0AI9x° 0B/OXN)/AB + (0A/9x° aD/OXY)/AD +

+ (3C/ox* aB/9x3)/BC + (0C/ax* 9D/dx3)/CD]

-8nBT?, = -8nC T3, = - V(PAI0x°0X3)IA + (0°DI0x%0x%)/D] +
+ YJ(0AI0x? 0AI0x3)IA? + (OD/Ox* OD/9x>)/D? +
+ (OA/9x? 0B/9X3)/AB + (0A/9x> ACIOx?)/AC +
+ (0D/9x? dB/0x%)/BD + (dC/0x* 9D/9x3)/CD]
-8nATY, = 8nDT* = - ¥4(8°B/ax*0x*)/B + (9°Clax*ox*)/C] +
+ Y (0B/9x* 0B/ax*)/B? + (9C/9x* dCIax*)IC? +
+ (0A/0x* OB/OXY)/AB + (0A/9X* ACIAXY)IAC +

+ (OD/9x* 0B/ax*)/BD + (9C/dx* 9D/dx*)/CD]

-8nBT% = 87DT*, = - V(3°AIx?0X*)IA + (8°Clox*dx?)IC] +
+ YJ(OAI0x? 0AIIXY)IA% + (ACIAx? ACIax™H)/IC? +
+ (0A/0x? 0BIOX*IAB + (0A/9x”* ADIOX?)IAD +

+ (3C/ax? dB/ax*)/BC + (9D/Ax? ACIdx*)/CD]

-8nCT3, = 87DT? = - Y(PAIIx0xY)/A + (0°BIox30x™h)/B] +
+ Y (0AI0x3 0A/IXYIA? + (0B/0x> 0B/ox*)/B? +

+ (0A/9x3 ACIOX*/AC + (0A/dx* aDIdX®)/AD +



+ (0B/dx3 aC/ax”*)/BC + (0B/dx* 9D/dx>)/BD]



