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Abstract

General relativity allows for a mathematically equivalemsiea in which length changes
absorb the traditional changes in c. This conjecture is deomeasfaaitthe special case of
the radial Schwarzschild metric. Two size-change results nalstaa decade ago in the
context of the equivalence principle — one relativistic, one quantura freasbtained in the
radial Schwarzschild metric. Hence a previously neglected|ratiservable defined by
dd/dr = 1/(1-2m/r) determines physical distance. Sinc¢&lt= c, Max Abraham’s constant-
c postulate of 1912 is unexpectedly fulfilled. The well-known infiniedar distance” of the
horizon of a Schwarzschild black hole therefore reflects an iafaistance. An infinite
proper infalling time into black holes is a corollary. Sincel#tier time is canonically finite,
ananomalyis encountered. To help decide it, an independent second proof is sketskhdd
on a standing vertical light wave. An added merely qualitatvel proof involves the
Finkelstein diagram. If the new result can be confirmed, finidhledk-hole horizons,
wormholes, Hawking radiation, charged black holes and singulardgeesedo exist in nature.
Quantum-supported linear and curvature-supported nonlinear features efirspacan be
distinguished. EINaschie’s fractal E-infinity theory offers itsslfa independent test bed.
(April 9, 2007, March 20, 2008)*

1. Introduction

Einstein first introduced a height-dependent c (in a high tower tm @aequivalently an
ignited long rocket in outer space) in the context of the equivalpngeiple in 1911 [1].
This proposal caused grave concern on the part of his elder collehgaleatk who, after
having fully embraced Einstein’s special relativity, was raot to sacrifice the latter’s
central tenet of a globally constant speed of light ¢ [2]. Ein'st new axiom of a potential-
dependent ¢ was instrumental to further progress and got evemmgallgorated into general
relativity four years later, as is well known [3].

The variable-c axiom has a familiar consequence in the Sdulddzmetric, which is the

single most important solution of the Einstein equation of 1915. The “cabedspeed of
light® c(r) is here a function of the distance parameter r:

c(r) :%:ct(l—Zm/r) , 1)
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where 2m is the Schwarzschild radius (with 28GM/c?, M the central mass, G Newton’s
gravitational constant and c the universal speed of light (cfeFastd Nightingale [3], p.
129). Eq.(1) states that the speed of light valid with respdbetdistance parameter r, c(r),
becomes zero as r approaches the Schwarzschild radius 2m from above.

In spite of its well-known lack of constancy relative to rs dound to remain at least
locally unchanged by virtue of Einstein‘s covariance postulate (whichspibsit locally, the
laws of nature must be everywhere the same including the speed of light)thiShconstraint
is indeed fulfilled by Eq.(1) can be seen as follows: Proper timdocally slowed dowrby
the factor (1-2m/ffrelative to coordinate time t (since d (1-2m/r}’?dt; [3], p. 127). This
is the same factor by which the radial distance R is paadireasedrelative to coordinate
distance r (since dR = (1-2mAfdr; [3], p. 125). The two local changes — the temporal and
the spatial one — taken together compensate for the change in ¢ givenl)y Egléed dR/
= dR/drCdt/dt Cdr/dt = (1-2m/r)*dr/dt=c.

The global change in ¢ formally implicit in Eq.(1) conflicts with Abrahamntuition.
Could it be that, contrary to appearances, Abraham’s postulateuallg fulfilled in the
Schwarzschild metric, and if so in general relativity at large? Theeauts this question is in
the positive as far as the radial Schwarzschild metric isecoad. This surprise result is to
be demonstrated in the following along with some implications.

2. The size-change conjecture

In 1998, an in principle well-known but rarely (if ever) mentionedtivetéic fact was
independently spotted in the equivalence principleequality of the two vertical radar
distances (down-up and up-down, respectively) in an accelerating fd¢keThe method
used was the “WM-diagram.“ The two mirror-symmetric cadetters W and M stand for
light rays moving updown or downup twice, respectively (forming ansgtnic XXXX
pattern). The diagram illustrates thahe intervalsalong the top and the bottom of the 4
concatenated X’s (that is, “upstairs” and “downstairs” in a e&liti accelerating rocket)
interlock consistently with each othéespitetheir unequal durations. While this fact is well-
known in principle (compare the “Einstein synchronization“ of Rindle}, [B]e pictorial
method — which grew out of a chaos-theoretic mapping proposal madestey Frohlich —
reveals a new factrelative size increase downstairs by the redshift factor obsereed f
upstairs This is because the vertical distance, when measured usingplitgas from
upstairs, is exactly so much larger than when measured from downs@onversely, the
blueshift factor observed downstairs implies an egelaltive size decrease upstaing the
blueshift factor observed downstairs, which amounts to the same t{iihg. objection that
width appears unchanged from the respective other vantage point can by mebking
projective anisotropy.) The relative size chaegplainsthe unequal vertical radar distances
found in the equivalence principle. The latter are, by the way, easy to vepiycatly using
a TV tower, a pocket laser, a mirror and a counter (Gerharde&gcpafsonal communication
2001). Thesize change resuis, by the way, already implicit in a special-relatiddinding
of Walter Greiner's [6]

In the same year 1998, Heinrich Kuypers came up with the idesvéoa look, likewise in
the equivalence principle, at the gravitational Dopplershifinafter wavesn order to see
how quantum mechanics fits in. This allowed him to realize thatofon mass downstairs
is reduced by the gravitational redshift factor as is well knowraf¥},mas®n the same level



must be reduced by the same factor owing to local energy watiser [8,9]” Hence
guantum mechanicpredicts (via the de Broglie wave-length of matter waaed, more
specifically, the Bohr radius which is inversely proportional tcteb® mass) that th&ize of
every object downstairs is enlarged in proportion to its redshift [8,8his quantum
prediction coincideswith the previous relativistic prediction in a kind of pre-estalelis
harmony.

The two 1998 observations were each made independently of Abraham&uwenjé
priori it appears infinitely unlikely to suspect a connection. Or coube ithat Einstein and
Abraham areeconciledby Frohlich and Kuypers? It is this outlandish conjecture whith is
be demonstrated in the following. Since the “playground” of the equielprinciple is no
longer sufficient, the Schwarzschild metric offers itself as the béliplachoice.

3. Demonstration of the conjecture
3.1 Some well-known findings

The Schwarzschild metric is the oldest explicit solution of tinst&n equation. It was
already found in late 1915 by a friend of Einstein’s under unfavorabsema circumstances
(Karl Schwarzschild died soon thereafter). The mentioned book byrFosteNightingale
[3] will continue to be used in the following as a backdrop — with pagabers put in
brackets, like (p. 130), referring to their book.

Just as it was the case before with the equivalence principle [4], the up-dotlie dod/n-
up distances measured by light sounding (“radar distances") diffédre mutual redshift (or,
in the opposite direction, blueshift) fact@iso in the radial Schwarzschild metric. This fact
deserves to be looked at in more detalil.

Firstly, the mutual redshift factor owes its existence toutmegualproper timesvalid

upstairs and downstairs. “Proper tintefs, as already mentioned in the Introduction, at every
local r defined by

td= (1-2m/d"dt 2)
if t is the coordinate time (p. 127).
Secondly, the “coordinate time differendd“between upstairs and downstairs depends on
the coordinate value®sf theouter () andinner (r) radial position, on the one hand, and the
local coordinate speed of light(r) given by Eq.(1), on the other. Integration of Eq.(1) if

written in the form dt = @(1—-2m/r)dr, between irand g, vields thecoordinate time
differencevalid for a down-up (or equivalently up-down) light signal:

At = EJ"’ (L-2m/r)dr 3)
CJi

(p. 129). Multiplication of this time interval by c formally geas a corresponding
distance

At = .f (L-2m/r)*dr . (4)



This distance haso nameup until now. (Only the indefinite version of the same integral i
well-known under the namer* “ in the Eddington-Finkelstein formalism [10], a fact that we
shall come back to below.)

The distance given by Eq.(4) cannot be measured directly. It carb@rdvaluated on
either end — where it is then automatically weighted by thal lbime-shrinking factor of
Eq.(2). What comes out is the well-known “radar-sounding light distafas Foster and
Nightingale call it [3], p. 130). The latter reads, when evaluated frompiberend g,

M, = dJdtkAt = (Lanmfmj¥a—2m/mﬂm
or after integration
Mo = (1-2m/p)"? E T ZmE 5)
r,—2m

(p.- 130). One sees that thiswn-up radar distance as it can be called — diverges (becomes
infinite) as r approaches the Schwarzschild radius 2m from above.

In corresponding fashion, the opposite radar distaic@alid at thdower end ris arrived
at. It differs from the former only by the subscript (i instead of 0) in thiebiiecket:

M = (1-2miY? 0—n+2mm%"2mE. (6)
r,—2m

This up-down radar distance as it can be called — unlike the former doetdiverge when;r
(now the position of the observer) approaches the Schwarzschild radius 2m from above.

Theratio between the two different radar distances, Eq.(5) and Eq.(6), is

cAt, _ HL-2m/r, ”
= : (7)
cAt, E]l— 2m/r;

This ratio is the “WM result* of reference [4] valid in the Schwarzschild imetr

So much for some well-known facts in the radial SchwarzschildionetOnly the
distinction made between “down-up” and “up-down* radar distance appears to be new.

3.2 Compatibility with the Frohlich-Kuypers size change

The described facts of the Schwarzschild metric can nowxkegposedwith the surprise
observation of Frohlich and Kuypers — the redshift-proportional sizegeharinciple — in
order to see how well the latter fits in or whether it @eatn incompatibility at some point
which would then spell the end of the present approach.

The new point heuristically to absorb into the Schwarzschild mistrihe redshift-
proportional relativesize increasedownstairs predicted by Frohlich and Kuypers in two



independent contexts. Does this feature if hypothetically introdcmetladictthe accepted
facts in the Schwarzschild metric? Surprisingly, the answen. is

To see this, it is first necessary to realize that the &adsehild metric alreadgontainsa
height-dependent change in size (which by the hkayvisefails to show up in the transverse
direction owing to projective anisotropy when looked at from above awhel This
canonical radial size increageads, as already mentioned in the Introduction,

dR = (1-2mifdr (8)

(p- 125). After integration, this generates the so-called “radial distanceédreand :
AR = f @L-2m/r)™¥2dr

(p. 128), or explicitly

v2 (rv2_o 12
AR = [ro (ro a Zm)]l/2 a [ri (ri a Zm)]l/2 +2min r:l/z + gollz _ 2::))1"2

9)

Note that thistraditional radial distance does not diverge when ;r approaches the
Schwarzschild radius 2m from above. Indeed, of the 4 radial distalecegied so far in the
Schwarzschild metric — Egs.(4), (5), (6) and (9) —, only the first two diverge.

However, the “intrinsic local size change” dR, valid in the Schsehild metric with
respect to the local distance parameter r by virtue of Edgs(&pt the end of the story in our
present context since there now possibly existsvalocal size change — the one predicted by
the above-mentioned combined WM and de-Broglie argument. This postotedize
change is governed by the relative redshift or blueshift valitheatrespective other radial
position. Hence it is determined by the ratio of frequency shitig,7), divided by the local
proper-time factor valid at the observing positignby virtue of Eq.(2). This yields the
predicted net factor

/2
—2MT H g omi 2 = (1-2mip
-2m/r,

for any object located atebserved fromgpri. Thus, we have (writing r for in the brackett)
@ = (1-2m/)"?dr (10)
as our conjectured new local size change factor.

Thepostulatednew local size-changegof Eq.(10) has exactly trmameform as the local
size-change dR of Eq.(8) above. Therefore theretvaoepossibilities open at this point:
Either the new size change factor of Eq,(10) is nothing but a nelerneation of the old
factor of Eq.(8); then the traditional radial distance R of EgdBjains the only physically
relevant radial distance in the Schwarzschild metric. b@h size change factors (the old
dR/dr and the newaldr) contribute on an equal footing locally if the new size chasfge
Frohlich and Kuypers is real. In this case the resultingetéitfe local size change factor”
ddd/dr is equal the product of the two individual factors named:



o _
dr

d—REldﬁ‘ = (L-2m/r)*,
dr dr

that is,
M = (1-2m/r)'dr. (11)
This hypothetical new effective local size change factor geneaas distance integral

A0 = [*@-2m/r)dr = —r +2min 72N (12)
{ r,—2m

The new distance integrAll (“[I-distance®)replacesthe traditional distance integrAR of
Eq.(9) as the correct “radial distance‘if-the new Frohlich-Kuypers size change factor is
added while everything else remains unchanged.

Unexpectedly, Eq.(12) islentical to Eq.(4) above. Thusothinghas been introduced in
effect as far as measured distances are concerned!bdve employed “roundabout way* of
heuristically usingwo local size changes — the old Schwarzschild factor of Eq.(8) and the
hypothetical new Frohlich-Kuypers factor of Eq.(10) — in order tplax the old radar
distance of EQq.(4) proves to be a perfectly legitimate option. ®pt®n renders the
traditional position-dependemeduction of cof EqQ.(1), which likewise leads to Eq.(45 (
Eq.12), redundant. Both views make equal sense at first sight. Sbauld let nature have
a word. The new view if false should lead to predictions at vaiarih reality. Is this the
case?

3.3 The Shapiro time delay

The Shapiro time delay was introduced in 1964 by Shapiro [11] and indepenayently
Muhleman and Richley [12] as a testable counterintuitive implicaifoime Schwarzschild
metric (“fourth test of general relativity”). They encouettimuch skepticism at first. To
date, the underlying equation (Eq.3) is empirically confirmed insihlar system to an
accuracy of A0° [13]. The currently accepted interpretation is that time suffer
counterintuitive delay while the radial distance R is covered laidhis delay is predictably
caused by the slowing of the velocity of light c(r) near a gravitating object

But there now exists an alternative interpretation: the rmsvcsiange axiom of Eq.(11)
can be invoked. Adopting this interpretation is equivalent to sayingf tisdthot a change in
c but a change in distance” that has been measured. This mearisethab identical
distances, &t of Eq.(4) and\[] of Eq.(12), can both be re-named intsirggledistance,

R = O—ri+2mlnr°_2mE . (13)
r,—2m

3.4 Abraham vindicated

The newly obtained unique distancg [toduces (after division by c) the very time delay
At familiar from Eq.(3) above (with ensuing radar distances Eqgds6). The old local size



change factor of EQ.(8) valid in the Schwarzschild metric cetsdde alone since a new
factor, EQ.(10), has been brought in.

Thatbothfactors are valid in the Schwarzschild metric (in the productidf B comes as a
surprise from the point of view of the equivalence principle. Hegeriot the new factor of
Eq.(10) which is surprising but the fact that it no longer stands @hodetermining size in
the Schwarzschild metric due to the presence there aldHfactor of Eq.(8). This amounts
to a qualitative differencebetween the “curved“ Schwarzschild metric and the “flat”
equivalence principle. Quantum mechanics continues to “see” onliatheefsion and so do
mass and energy. Orgyze(and with it distance) is determined bgth factors.

If we accept the new size change law (Eqg.11) as being waliteiSchwarzschild metric:
what about Abraham’s hunch? The new-old distance found (Eqg.13) deservegiverba
new name: “Abraham distance” -ARWhy? Because this distance (EGEg8.4) formally
implies thatc is constanbver the whole trip! This fact was already implicit in Eq.(d)\ee —
but our eyes were held at the time as it were since we digehdave a good reason to take
the coordinate-time differendd of Eq.(3)that seriously.

The new “Abrahamian interpretation” of Eq.(13gcuivalentto the standard interpretation
of the radial Schwarzschild metric — as far as predictedhifesigime delays for light and any
resulting formal distances are concerned — yet wigihobally constant Hence we can state
the following ‘] theorem®:

Theorem: In the radial Schwarzschild metric, global constancy of ¢ holds true with respect
to theaturaldistance parametet, defined by & = (1-2m/r)*dr.

The naturalnesdollows from the Frohlich-Kuypers size-change. Madidity follows (using
Egs.11 and 1) from the identitydddt = (1—2m/r)dr/[dr(1-2m/r)Y/c?] = ¢

A more general way to put the same result would be to speak 6tdhservation of
longitudinal spacetime volume® (longitudinal spacetime area) inraldgal Schwarzschild
metric — and presumably general relativity at large. In theeptecontext, the formulation
that “Abraham’s dream” is fulfilled for once in generalatelity in the special case of the
radial Schwarzschild metric, is perhaps the most appropriate.

4. Consequences
4.1 First, the familiar side

The unified picture arrived at does not change anything in tepted facts. Only on the
level of interpretation are there any consequences to expect. One such interpretational
consequence is, nevertheless, quite tangible:

Corollary: The horizon of a Schwarzschild black hole has an infinite distan¢e R from
the outside.

This infinite-distance resulioes not really come as a surprise because the “radar distance
(signal-return time multiplied by Y%2c) of the horizon is well-kmote be infinite from above

by virtue of Eq.(5) as we saw ([3], p. 130). In the present conteist,familiar finding
acquires a subtle change of meaning, however: The infinite digtance is no longer an



“artifact“ of the change-in-cdownstairs, as had to be assumed up until now, but the
consequence of a previously overlookedange-in-sizedownstairs. According to the
achieved new semantics, the same distance thaallg infinite from above. This conclusion

is in perfect agreement with the Abraham principle. Everything appears haetdoi once.

4.2 A surprise secondary implication

In spite of the harmony obtained, there exists a deremdndaryimplication which
appears virtually unacceptable: Black holes can now no longeatigeckin finite time — not
only by light with its infinite radar-sounding delay for which this fact isliMknown as we
saw (Eq.5 and Shapiro), but bpyinfalling object. The result is so strong it even remains
true when the falling time is measured in terms of gh@per time of the infalling object
itself! For the relative distance is now “really infinit@R, is infinite for = 2m). Hence the
above “change in semantics“nsorethan a mere change of words for once: it has tangible
physical consequences. Since this cannot be the case by veniatefisome previously
accepteghysical factsare bound to have been in error!

This statement amounts to amomalous situatiorhaving been reached. Hence the
anomalous “infiniteproper infalling time* merits an independent proof in terms of the
standard picturesince the physics is bound to be invariant under a change of sesnaltiti
such a proof were to be found, the accepted ways of deriving the contdatyng back to
Oppenheimer and Snyder’s famous paper of 1939, cf. [14] — would lose créditat first
sight more natural thing to do — to re-work the old equations themselwssuld be
counterproductive, given that the pertinent mathematical paths hatecal the test of time.
Only a round-about way — like the cat's around the hot mush — has angecto succeed in
case thereeally is something out of kilter. Such an alternative proof can tenhatdeebased
on the paradigm of standing light wavégenerated by two mutually opposite laser sources of
perfectly matching frequency and phase, cf. [15]). A rough sketch goes asfollow

A standing light wave is assumed to be set up vertically betiieehorizon and the outside
world. This can be achieved in principle: two mutually opposite leseons ofdiffering
frequencies can be positioned upstairs and downstairs in such a teageseerate a standing
light wave in between them — if the frequency ratio matchesnilteal redshift or blueshift
factor (Eq.7). (If necessary, mediating “doubly open laser canam&dtto the locally
matching intermediary frequency can be inserted.) In the eakregse — outside-to-horizon
— at stake, the frequency ratio between downstairs and upstaicaepgs infinity. In this
limit, the resulting “Jacobian ladder of light* possessesmfnite number of rungs (standing
wave-crests). This prediction is in accord with the acceptaditenfradar distance (Eq.5).
While the locally valid distance between rungs differs widelgpproaching zero for people
living near the horizon —, the distance between rungsristantfor a fictitious particle falling
at constant speed. Note that according to the equivalence prirzciiglet wavesent down
from aboveretains its frequency in the upper frame in spite of its being pssively
shortened when arriving at — or passing by — a more downstait®posThe same features-
conserving fact holds true for a constant-speed particle thatoiser than a photon.
However, the speed of a falling ordinary particlaasconstant but accelerating by definition.
The situation is exactly the same as it holds true for amsr dadder of infinitely many equi-
spaced rungs — in special relativity. In special relativityjrdinite number of equi-spaced
wave crestannotbe passed by in finite proper time — neither at constant speedt nor
constant acceleration nor (as here) under an increasing bwnifigHout acceleration;
compare EQq.(5.24) of French [16] with the pertinent classical eeef@0.2) of Greiner's



book ([6], p. 168). This result carries over via the equivalence princidience the total
proper infalling time isnfinite. (Q.e.d.)"

The result just sketched is in accord with the infinite distan&sqfi3) above. Still, since
the time-honored reigning consensus holds that the Schwarzschild milies afinite
proper infalling time (cf. [3], p. 139, or [14], p. 851), a third, onlyalitative argument
appears desirable to have as well:

Picturescome to mind at this point. More specifically, the fact that'tberdinate speed” of
an infalling body, v(r) = dr/dt ([3], p. 143), needs to be constaadystedto the local
“coordinate speed of light* c(r) = dr/dt of Eq.(1). This “congiste check” is particularly
vital at coordinate values close to the horizon where the ragidldones become more and
more compressed around the curves of infalling matter near yheptadic vertical line r =
2m of the horizon, in the traditional r,t diagrams. While a detalezbunt of the local
situation is not possible in such drawings, there is one exceptien:Finkelstein diagram
([17], p. 152). Here, the ingoing light rays are straight 45-degseending lines that,
nevertheless, are subject to a (graphically invisielgonential scalingn the neighborhood
of the vertical line r = 2m. The same applies to the almostllphslightly less slanted
particle rays. Since in this diagram, r*+t is plotted versushtrezontal r axis ([17], p. 150),
the Finkelstein diagram is compatible with Eqg.(13) above. For Ry 3n this diagram (as
mentioned above following Eq.4). Although this pictorial argument is quoblitative as
ordered, it can possibly even be made quantitative (g.e.d.).

4.3 Consequences of the new unreachability

Firstly: If the horizon cannot breachedin finite time by any object, black holes also can
no longer evemormin finite time. For a horizon that cannot be reached in finite time can also
not arise in finite time. (What precisely happens when justidiséiota“ of mass remains to
be added to an almost-critical homogeneous collection of maspessarts an interesting
selforganization-type question; note that action-at-a-distaac@ot be invoked in this
context.) From the nonexistence of a finished horizon it then folltwas Hawking's
beautiful evaporation result [18], which relies on a finished horizon,igitstely delayed,
too, and hence ceases to be physically effective. This rulenemelid for mini-black holes
(despite their greater tunneling capabilities) by virtue of Kuypaygantum-scaling result.

Secondly: Light cones cease to be compressible in the radedtiair of the
Schwarzschild metric. This fact is bound to have further consequenicethe context of
time machines and other very general implications of the Hinstpiation (like gravitational
waves and rotating frames). For example, wormhole-based tictgmaa [19] depend on the
horizon being reachable in finite time. They therefore are atitwatia ruled out in the
Abraham picture. Gddel time machines, on the other hand, remain po&sbipare the
beautiful drawing in [17], p. 169). This fact notwithstanding, a cautiorengark recently
offered by a youngster should perhaps not go unmentioned (“Time machimest exist
given the infinite duration of the future¥Why? “They would be all over the place by now.
Unless the percentage of time travellers that aren’t infinitelyeful about camouflage is
zero. “Yes — but this is unthinkable!").

4.4 Main open task

The revived Abraham proposal of a universal ¢ amounts to a surppbeaiion of the
radial Schwarzschild metric. Is it possible that alternatmegrics derived from the Einstein



equation will teach otherwise? The mentioned qualitative fit thighEddington-Finkelstein
metric speaks in favor of reconciliation. Therefore, the nexh éask to solve reads: How
do the field equationshemselvedook like if “size, not ¢* depends on the gravitational
potential?

5. Discussion

A simple new result valid in a subcase of the Schwarzschildcmeds presented. “Radial
spacetime-volume conservation“ is one possible way to put it. ©leeisthe time locally,
the larger space locally. The stronger the magnificationtimke, the stronger the
magnification of space: hence “space-over-time"“ is constantMax Abraham would have
liked this result. A first glimpse of how his mind worked | ganfr Valérie and Christophe
Letellier at the university of Rouen three years ago.

The result presented is nothing but a beginning. Nonradial direatiting Schwarzschild
metric have yet to be considered. Angular momentum has to be irdgtbehext (Kerr
metric). And the full Einstein equation is waiting to be considehereafter. Even more
sophisticated higher-dimensional analogous equations [20,21] are bound to come next.

What will remain if the main result can be confirmed? Four results are tiikpbrsist:
1) Nonexistence of finished horizons (due to an infinite proper infalling time) and hence
nonexistence of finished black holes, so that only “almost black holes” [22] remain.
2) Nonexistence of Hawking radiation.
3) Nonexistence of any spacetime elements beyond the horizon (including sileglar
4) Nonexistence of charged almost black holes.

These four predictions are surprising because they each flyfatdef accepted wisdom.
If they hold true in the radial Schwarzschild metric, analogous neswits are bound to be
found in the four less restricted cases mentioned. It hence wouldtd¢o have a simple
method to falsify the above result. An independent approach to quantustirsgawas
found by EINaschie [23], cf. [24]. It will be instructive to seeetlter part or all of the above
predictions can be confirmed or disproved in this independent methodology.

To conclude, a so-called “variantological approach” to spacetinysigshhas been
presented. That is to say, a fictitious return to an eartieel |of sophistication was
heuristically adopted [25]. Whether the presented approach can stdesit thietime is open.
Possibly — or hopefully —, it can be falsified soon since its results challengeiyoatcepted
facts in the modern fabric of spacetime. A priori speakingptbkability that the two simple
insights of Fréhlich and Kuypers can turn back the wheel of histoaytime when Einstein
and Abraham fought their friendly battle of giants is negligghall. Where precisely is the
error located?
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Footnotes

UThe size change can also be derived from the twin-clocks paradox of specidtyelati
Conservation of angular momentum implies that the “younger clock” (if imgrieed as a
frictionless rotator) must have been proportionafiiargedwhile making its fewer turns.
Cf. [8,9] for an analogous implication of the gravitational twin paradox.

?The same fact was mentioned in passing by Werner Israel [26]: Quote: &tfitatipnal

(..) redshift factor (..) recalibrates locally measured mass and workrgiesavailable to
an observer at infinity."

®Note, by the way, the interesting identity it = dR/dr (see Introduction).

“But see Added in proof.
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Added in proof: reception, erratum, confirmation

Reception. With several thousand downloads, the above paper is one of the nibst-rea
general relativity. An early all-out criticism by theeptigious Einstein Institute [27] got
subsequently replaced by a toned-down version in late July [28]. Tiee e longer
repeated the claims contained in the first that the Abrahanr pap&adicted both general
relativity and experiment. The only relevant criticism tleghained was a prediction: thhat
the gothic-R theorem were to be extended from the radial Scéoidiz metric to the full
metric, it would prove incompatible with celestial mechanics. nEtt@s conditional
prediction had already been laid to rest by the successftdrmedation of the full
Schwarzschild metric in terms of the gothic-R variable, achidyedn anonymous author
signing with “Ich” [29] (see his Eq.17). No further claim alsffication has been made to my
knowledge. All the high-publicity claims at falsification mad&csi by high-ranking
institutions (like KET, CERN and two national parliamentary bodiely) on the authority of
Nicolai's first paper and are, therefore, baseless assfdrcan see. So are the ill-fated
experimental decisions made in their wake.

Erratum. The merits of the already mentioned anonymous author do not stopHerso
succeeded in finding a first error in the above paper — not inatticeR theorem proper but
in the added conjecture (erroneously labeled “Q.e.d.”) that the profadiing time were
infinite. This conjecture is false: the proper infalling timdinite [30]. The reasoning is
based on the Rindler metric which is a valid approximation to the &ebkwhild metric
[5,31]. The new result at first sight comes as a surprise from the poiwbf the gothic-R
theorem since the infinite distance implicit in the latter cann@blvered in finite proper time
by definition — unless luminal observer speeds are involved. This appears absatcightir



since observers are massive bodies and massive bodies cannoun@aeh $peeds in finite
time. Surprisingly, Ich’s result goes hand in hand with a corollary that isngiactly this.

Confirmation. The new confirmative corollary follows from the Rindler metriSince the
Rindler metric involves only special relativity, it can be fullgderstood in terms of a 2-D
Minkowski diagram (the familiar x,t frame of special reldti). The Rindler metric — if |
may dwell on it a bit more — refers to a long rocket in constaogleration in outer space,
with earth's gravity (1 g) reproduced at the tip. The full rodatsists of many segments
each carrying its own pair of boosters on the outside. (Pictung s@id hollow cylinders
pairwise connected by a rubber tube.) In the x,t plane, the trajecibadsegments come to
lie in between t = + x (right-hand part of first bisector) ard— x (second bisector). This
guarterof the full Minkowski plane is called the “Rindler wedge.“ Inside the wedgéiave
our 1-light-year-long rocket, momentarily located motionless aldimg x-axis while
accelerating all along at at full blast while stretchirggrf x = 0 (bottom) to x = 1 (tip). In the
x,t plane, the trajectory of the tip then rises up verticallgdntly bear right along a curved
line in the form of a half-hyperbola that asymptotically approacthe first bisector to
asymptotically reach it at t = x =. The lower (past) part of the same trajectory does the
same thing reflected downwards, approaching the second bisectoraitiveegfinite time.
(This means, physically speaking, that the constant acceleratisnperimposed onto a
constant negative, initially at t =es luminal, speed.) The more inner segments of the rocket
(x <1 on the x-axis) all do the same thing along proportionally deated full hyperbolas
having a correspondingly larger constant acceleration each dga&lly). This principle
continues right down to the 90-degree angle at x = 0 (the origneyenthe acceleration
becomes infinite (g/0). The assumed gradient in accelerasonscessary in order for the
rocket to remain connected over time — an accepted if paradoxical &pedial relativity [5].

It follows that the intra-rocket times (“rocket tip time§*)remain definable indefinitely — all
along straight lines through the origin. The bundle of these “Tstimages, from T = -0

at slope — 1, via T = 0 at slope zero, to T =o+at slope = + 1 [5]. All T-times are on the
same footing, that is, can each be identified with the x-axghiting the initial condition by
simply “scrolling up® or “scrolling down,” respectively.

Now the two results announced. First, fimte proper infalling time result [30]: The
internal observer at the tip of the rocket (at x = 1 and t ®t8)do of his handle and simply
stays put while moving up in time t along the x = 1 vertical. thn simultaneously is
“falling” freely inside the rocket — so as to leave it throughopening in the bottom att = 1
(1 year) at the point x =t = 1 while the rocket’s bottom degeois him at the speed of light.
He at this point has effectively “fallen“ through the whole tangf the rocket in 1 year of his
proper time.

Second, the neluminal-speedsesult: To best see it, we assume for starters that tee hol
in the tail had been plugged by a trampoline (the asssumption camppedrlater). The
coasting passenger — if resilient enough — then bounces babk alhy up toward the tip in
another year of his proper time. In the Rindler diagram, this rebmyt@jectory is again a
straight line: starting at the point x =t = 1, it continulesi@ the first bisector in coincidence
with the latter so as to let the jumper re-catch his handle hwdantimued along the curved
hyperbola of the rocket's tip, at x = te=.

That is all. One sees that the two straight legs of the observer@sanmutually equivalent
(except for orientation in time). For it is possible to “scdalvn® the initial time T when the
observer lets go of his handle, all the way down from T = 0 (assméal) to T = —o. In
the new equivalent picture, the observer reaches the trampoline xnot at 1 but rather at x



=t = 0 (origin). Thissymmetricpicture reveals that during either half trip (the two being
mirror images of each other), an infinite distance in outer sigaoavered by the observer —
in finite proper time! Hence thewdwaysexists an appropriately chosen frame in which an
infinite distance is being bridged by the falling (or rebouncing) observarita proper time.

This new result is surprising since luminal speeds of massiveshddid no place in
physics up until now. The reason they are a reality lies ifréleechoice of frames that is the
hallmark of the Rindler metric, the above “scrolling operation.“ For weabaays make sure
that the “arriving event* at the bottom of the rocket (which ishitvézon [31]) coincides with
the origin of the metric (the 0,0 foot point of the Rindler wedgd)is Ppoint can be reached
from inside the wedge (or be left into the wedge, respectiwglly) along one of the two 45-
degree trajectories, that is, along luminal trajectories abémtiwith one of the wedge's
boundaries.

This fact — that the origin of the Rindler metric is “nonsingulatomes as a surprise.
Recall that the bottom of the rocket was factually reachedupyfirst “falling” observer on
his stepping out into the light from the hole in the rocket’s bottom=t = 1. This fact [30]
now also means that a luminal speed is accessible to a falling obseryarticle inside the
Rindler metric. But cannot such a speed only be reached aftefirateiperiod of constant
acceleration by definition? This is correct. Amazingly, bo#nsegly contradictory facts
are mutually compatible for once. For the waiting time undemaeent constant
acceleration inside the rocket, is infinite: The handle (or a coimpasitting on the
neighboring seat) has to wait upstairs an infinite period of tinger constant acceleration,
bridging an infinite distance in outer space in the process, bleéing at last reunited with
the back-bouncing, youthful, observer.

More abstractly speaking, the “scrolling operatiomtludesthe two 45-degree singular
limiting cases — with their luminal speeds — as effective nonsingakes. This mathematical
finding is amenable to a deeper (differential-topological) explanatione, Hesuffices to note
that such a situation — that the singular limits are nonsingutaurheard of in physics. This
fact gives the Rindler metric and its close relative, the Schwardsuokiric, a unique place in
nature.

What does the effective infinite intra-rocket (and extra-roaftistance found mean? It
means that a well-known result possesses a new corollary.r, #oMfas known thaphotonic
Hawking radiation by definition takesero proper time to emerge from the horizon after
having bridged the whole (infinite) gothic-R distance and nowaterial Hawking radiation
analogously takes fnite proper time to come out. Similarlight takes arinfinite external
time to come out as we saw in the paper and maaterial particles take a longer (twice as
long) infinite outside time to come out across the whole gothic-R distance. Agaianly
have reproduced a self-evident fact one feels.

Nevertheless the (now trivial) prediction of an infinite “emaggtime” because of an
infinite distance to be covered from the horizon, is what gave the alapee its worldwide
attention. For this prediction implies that microscopic black hadeemted on earth cannot
evaporate in finite time — and hence put the planet at risk ifi-eadnd. In this way, an
ethical dimension got suddenly attached to a pure-physics result. Thisnglonewas,
interestingly, not seen at the time of writing the paper but th@ merit of a relativist
colleague who when recommending publication jokingly wondered whether ¢batd not
be repercussions on the “LHC* experiment. Although | had never ludaite latter, the
remark eventually triggered a vain attempt at defusing the joken it failed, a more



serious attempt followed so it almost became a sport to hunt foora sophisticated
argument in order to defuse the joke. Each floundered for a diffexasdn so that a vague
hunch of a danger-conserving principle being at work formed — bhidteauncanny failures
may be non-coincidental. The suspicion turned tangible when theufisatcessful attempt
at giving the all clear had been communicated to CERN in Maypablished in July [32]:
neutron stars seem to possess a special quantum protection agaire{ cosmic ray-borne,
very fast analogs to any miniblack holes potentially createdaoth (superfluidity was the
likely culprit). Eventually the idea of a joke played by natare humankind — that the
artificial slowness of human-made analogs could be a curse # thefevhole planet on
September 10 when more than 500 newspapers across the globe reférnedbt@ way or
the other. The joke still waits to be defused. Thinking twicen@yonger opposing the
safety conference publicly demanded on April 18 [33]) remains an oatidate following
the felicitousfehlleistungthat occurred at CERN on September 20. The whole globe is
grateful for the second chance at falsification granted taatting an idea die is always the
less costly option according to Karl Popper.

| thank Gerhard Huisken for leading me to Robert Wald's book, Georta $totreferences
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Christophe Letellier and Peter Kloeden for discussions and Andwrtthiky, Artur Schmidt,
and Kensei Hiwaki for stimulation. For J.O.R. 12/31/08.



