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A Place at the
End of Time



Top (Spacetime Geometry): The
geometry near a black hole distorts
spacetime so severely that, from a
coordinate perspective, the black
hole itself lies in the future light
cone of any nearby event. For an
infalling observer, continuing
forward in time inevitably means
moving closer to the
singularity—tomorrow is the black
hole in spacetime terms.

Middle (Observer Perspectives):
Two perspectives on crossing the
horizon. From the distant
observer’s viewpoint (left), the
astronaut appears to freeze at the
horizon, increasingly redshifted and
dimmed, never quite crossing. From
the astronaut’s own frame (right),
there’s no discontinuity—no
freezing, no slowdown—only
smooth, uninterrupted free fall
through the horizon in finite proper
time.

Bottom (Penrose Diagram): The
full Penrose diagram for the
maximally extended Schwarzschild

solution, showing all causal regions:

the external universe, black hole
interior, white hole region, and a

second asymptotically flat universe.

The diagram captures the global
causal structure: horizons, infinities
and singularities.
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A Place at the End of Time

Black holes create an observational paradox: external
observers see infalling objects freeze at the event horizon
with infinite redshift, while the falling objects cross in finite
proper time experiencing nothing unusual. This contradiction
arises from extreme spacetime curvature near the horizon
(r = 2GM /c?), where gravitational time dilation becomes
unbounded. Inside the horizon, causality inverts—the radial
coordinate becomes timelike, making the singularity not a place
but a future moment that all trajectories must reach.

Brack HorLe EVENT HORIZON o SCHWARZSCHILD
RaDIUS o TIME BECOMES SPACELIKE o SINGULARITY AS
FUuTURE o LIGO GRAVITATIONAL WAVES o EHT M87
IMAGE o COORDINATE DEPENDENCIES o PENROSE-HAWKING
THEOREMS o KERR’S QUORA OBJECTIONS o WHITE HOLES &
WORMHOLES o 1 BECOMES TIMELIKE

“So much universe, and so little time.”
— Cohen the Barbarian, AM 1980s
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A Place at the End of Time

Karl Schwarzschild derived the first exact solution to Einstein's field equations in 1916,
giving rise to what is now known as the Schwarzschild metric. This solution described
the spacetime geometry outside a static, spherically symmetric mass, and revealed an
intriguing radius where the metric becomes singular—a mathematical curiosity

at the time.

In 1939, Robert Oppenheimer and Hartland Snyder explored the gravitational collapse
of massive stars showing that under general relativity, such collapse could lead to the
formation of a region from which no signals escape: the conceptual precursor to what
we now call a black hole.

The term ‘black hole’ was popularised by John Wheeler in 1967, highlighting that these
regions are not conventional objects, but causal domains shaped by the warping of space-
time. In 1963, Roy Kerr discovered an exact solution for rotating black holes. The Kerr
metric demonstrated that black holes can possess angular momentum, vastly enriching
the theory’s physical relevance. Unlike Schwarzschild’s static solution, the Kerr geome-
try features an ergosphere, frame dragging, and a more rich causal structure—including
an inner and outer horizon.

Throughout the twentieth century, indirect astrophysical evidence for black holes mounted,
from X-ray binaries to quasars and galactic nuclei. By the 2010s, observations of gravi-
tational waves and the first black hole shadow image (captured by the Event Horizon
Telescope in 2019) solidified their status as real astrophysical objects.

Despite this progress, black holes continue to raise deep questions. At their core lies the
unresolved issue of singularities—regions where classical spacetime is undefined—and
the challenge of unifying general relativity with quantum theory remains a central fron-
tier in physics.

General relativity describes gravity as spacetime curvature. Massive bodies distort the
geometry in which other bodies move, and free-fall corresponds to inertial motion along
geodesics—paths of extremal proper time. This reconceptualization allows for solutions
to Einstein’s equations that have no Newtonian counterpart. When matter collapses to a
sufficiently small region, the curvature becomes extreme enough that no causal signal can
propagate outward beyond a critical boundary.

A black hole is defined by geometry. A region of spacetime in which spatial and temporal
concepts blend. The defining feature is the event horizon: a null surface that separates
regions of spacetime into two domains: those from which future-directed paths can reach
infinity, and those from which all such paths terminate inward. The horizon has no
surface tension or material properties. Its existence follows purely from the metric. In the
Schwarzschild solution, the horizon forms (Schwarzschild, 1916) at radius r = 2GM/ c?,
where the g,, component vanishes and light cones tip inward. Any trajectory, regardless
of force or energy, once inside this radius, proceeds inevitably toward smaller 7.

Such configurations are predicted results of stellar evolution. When a sufficiently massive
star exhausts its nuclear fuel, no internal pressure, thermal, degeneracy, or radiation can
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oppose further collapse. Neutron stars represent the final stable configuration for masses
up to a few solar masses. Beyond that, collapse continues past any known state of matter.
General relativity predicts that the outer region smooths into a vacuum solution matching
Schwarzschild or Kerr metrics, while the interior (Kerr, 1963) forms a trapped surface with
inward-pointing causal futures. The event horizon forms before any singularity becomes
visible, preventing external observers from accessing information about the final collapse
state.

This scenario was further confirmed in 2015—when LIGO detected gravitational waves
from a binary black hole merger. The distortion in spacetime, measured to better than one
part in 10?1, was generated by two orbiting black holes coalescing into one. The signal
matched numerical relativity simulations, confirming the waveform, mass loss, and final
ringdown predicted by general relativity. LIGO thus became one of the most sensitive
measurement devices ever built, detecting strains comparable to changes smaller than a
proton over kilometre-scale arms. The black holes radiated energy equivalent to several
solar masses through measurable curvature oscillations.

Other confirmations have followed. The Event Horizon Telescope array imaged the
shadow of the supermassive black hole in M87, producing a crescent-shaped brightness
profile consistent with light bending and lensing near the photon sphere. Stellar orbit
measurements around Sagittarius A* in the centre of the Milky Way reveal elliptical motions
governed by a central mass of approximately four million solar masses in a region smaller
than the orbits themselves. Accretion disc X-ray emissions, variability timing, and iron line
broadening all support the interpretation of compact objects with deep gravitational wells:
exhibiting effects that match the metrics of rotating (Kerr) black holes with no observable
surface.

As one approaches a black hole, time ceases to behave as expected. The component g, of
the spacetime metric determines how proper time accumulates for a stationary observer. In
Schwarzschild geometry, gy = 1 — 2G'M /rc? decreases with decreasing radius. A clock
closer to the event horizon ticks more slowly relative to one farther away. The gravitational
redshift of light signals this disparity—photons emitted near the horizon lose energy as their
wavelengths stretch. At the horizon, the redshift becomes unbounded. Signals emitted at
or within the horizon do not reach distant observers; emissions from just outside arrive
with arbitrarily large delay and redshift.

An object falling into the black hole measures finite proper time to cross the event horizon;
locally, nothing singular occurs there (neglecting tidal forces). This dual description,
freezing from the outside, flowing from the inside, follows from the coordinate-dependence
of simultaneity in general relativity. Infalling observers describe the event horizon as
a regular null surface. The difference lies in the slicing of spacetime used to define
simultaneity. Proper time and coordinate time diverge in meaning as curvature intensifies.

Inside a black hole (in Schwarzschild coordinates), the radial coordinate behaves time-
like—decreasing radius corresponds to forward progression in time—while the temporal
coordinate behaves spacelike. In horizon-regular coordinates, this role-swap is recognised
as a coordinate effect; causality still directs all future paths toward smaller r.
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Outside the horizon, the singularity occupies the spatial point 7 = 0. Inside, it changes
from a place to a moment. The question is not ‘where is the singularity?’ but ‘when
will I reach it?” The answer: finite proper time ahead, as inevitable as tomorrow. Light
cones inside the horizon all tilt toward smaller r, making motion toward the singularity as
compulsory as motion into the future. Remaining at fixed radius would require stopping
time.

The Penrose-Hawking theorems show that under reasonable energy (Penrose, 1965) and
global conditions, spacetimes containing trapped surfaces are geodesically incomplete:
certain timelike or null geodesics cannot be extended to arbitrary values of their affine
parameter. This geodesic incompleteness—what is meant by a ‘singularity’ in this con-
text—lies in the future of every worldline that crosses the event horizon in the idealised
solutions. The theorems do not by themselves guarantee curvature divergence everywhere;
rather, they establish the existence of incomplete causal paths. Thus, you cannot point to
the singularity; it is a when, not a where.

The field equations of general relativity are time-symmetric. If the Schwarzschild solution
describes an object into which signals can enter but never leave, then its time-reversed
counterpart also exists. This reversed solution is called a white hole: a region of spacetime
from which causal trajectories can emerge, but into which nothing can be sent. Unlike
black holes, white holes cannot be formed dynamically under known physical processes.
They appear in maximal analytic extensions (such as Kruskal spacetime) but lack known
mechanisms for creation or stability.

Another extension is the wormhole: a spacetime manifold that connects two asymptotically
flat regions through a throat. In its simplest form, the Einstein-Rosen bridge arises from
a slicing (Einstein & Rosen, 1935) of the maximally extended Schwarzschild geometry.
However, the bridge pinches off too rapidly to allow traversal. For a wormhole to be
traversable, the geometry must remain open long enough for causal passage. This requires
exotic matter: fields or fluids that violate the null energy condition, allowing repulsive
gravitational effects. Such matter has not been observed. Moreover, semiclassical analyses
suggest instabilities that would disrupt the throat, collapse the tunnel, or generate divergent
backreaction.

Black holes, white holes, and wormholes demonstrate surprising configurations of space-
time. Near a black hole, coordinate roles switch, light cones tilt, and the metric enforces
trajectories independent of any force. White holes, if they exist, have always existed.
Wormbholes in general relativity such as the Einstein—-Rosen bridge are non-traversable;
traversable wormholes would require exotic matter and remain hypothetical.

Kerr’s Quora Posts: “Stop Believing Everything You Read About Black Holes”

Sixty years after discovering the metric that bears his name, Roy Kerr has taken to
Quora with the fury of a physicist whose life's work has been misinterpreted. His posts
read like manifestos from an exile returning to reclaim his territory. ‘Stop believing
everything you read about black holes,” he declares, targeting not just popular miscon-
ceptions but the physics community.



CHAPTER 23. A PLACE AT THE END OF TIME 227

Kerr's central accusation is that the Penrose singularity theorems prove nothing about
physical singularities. What Penrose actually showed was that certain geodesics have
finite affine length—they simply end. ‘Now, what if the central star is singular?’ Kerr
asks pointedly. ‘Then one is assuming it is singular and there is nothing to prove.’ He
claims circular reasoning: assume a singularity exists, then ‘prove’ singularities must
exist.

His technical objection cuts directly to the heart of black hole physics. In the Kerr solu-
tion, geodesics starting outside can pass through a central neutron star and terminate
on the inner horizon on the opposite side. These are Penrose's ‘mysterious light rays
of finite affine length.” They die not because they hit an infinitely curved singularity,
but because they complete their journey through the black hole's interior. Geodesic
incompleteness is a boundary condition rather than a catastrophe.

The medium amplifies the message. Quora allows Kerr to bypass peer review and
speak directly: ‘The trouble with the Penrose paper is that it is a “do it yourself” paper
where he states propositions without proving them. This is very typical in relativity
[-.] conjectures “rule the roost.
course but the exasperated words of someone watching decades of what he considers
misinterpretation compound.

»”

These are not the measured tones of academic dis-

Most provocatively, Kerr disputes the coordinate interpretation that underlies this
entire chapter. Asked whether ‘time and space exchange roles at the event horizon,’
his response is unequivocal: ‘Of course this is not true.” The coordinate swap reflects
bad coordinate choices, not physics. ‘Time is a function defined on a physical manifold
with the property that it increases along every world line,” he explains, demolishing
the temporal interpretation in a single stroke.

The technical details matter. In Kerr-Schild coordinates, which Kerr considers ‘good,’
the t-coordinate remains a proper time parameter along all worldlines, never becom-
ing spacelike. The dramatic coordinate inversions described throughout this chapter—r
becoming timelike, the singularity becoming temporal—are artefacts of choosing
Schwarzschild coordinates, which produce a t-coordinate that ‘is not a differentiable
function on the manifold.” Use better coordinates, and the mystery vanishes.

Yet Kerr's alternative is equally radical. He describes ‘spin forces’ that become so in-
tense near the event horizon that infalling objects are forced to rotate around the axis.
At the inner horizon, centrifugal forces grow strong enough that objects can move
outward again—no longer forced toward any central singularity.

The stakes are higher than academic priority. If Kerr is correct, then black holes are

not the temporal futures described in this chapter but something else entirely: regions
where extreme spin and gravity create exotic dynamics. His Quora posts are interesting
not only for the physics or for the fact that he first solved the stable black hole equa-
tions, but also for the platform and direct style of his writing.
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It’s Ferret Time
A guy’s car breaks down on a rural road. No cell phone reception. Fortunately,

there’s a farmhouse nearby, so he walks over to ask for help.
He rings the doorbell—no answer. But he hears rustling from around the side. He
finds a farmer next to a pen with three ferrets.

‘Excuse me—’ the guy begins, but the farmer cuts in: ‘Hold on, I have to feed the
ferrets. I'll be with you when I'm done.’

The guy watches as the farmer picks up one of the ferrets, carries it to an apple tree
with a ladder, climbs up while holding it, lifts it to an apple—chomp—then climbs
back down and returns it to the pen.

Sorry, I just—’ the guy tries again, but the farmer grabs the second ferret. ‘Almost
done.’

Same thing: apple tree, ladder, apple, chomp, back down, pen.

Then the third ferret. The farmer lifts it gently, murmurs something to it, and
makes the familiar journey. Step by step up the ladder, hoists the ferret to a fresh
apple—another bite. He climbs down slowly, cradles it all the way back, nestles it in
the pen like a newborn.

Finally, the farmer turns. ‘Now—how can I help you?’

The guy says, ‘My car broke down and I need to call AAA. But first... wouldn’t it be a
lot faster to just pick the apples and toss them into the pen?’

The farmer pauses, thinking. Then nods. ‘Yeah... I suppose it would be faster that

>

way.
He shrugs.

‘But what’s time to a ferret?’
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Coordinate Reversal

Schwarzschild Metric and the Horizon

The Schwarzschild metric describes space-
time outside a static mass M. In spherical
coordinates (¢, 7,0, ¢), it takes the form (with
ry = 2GM/c?):

ds* = — (1 = r—s) c? dt?
T
=il
+(1-2) @
T
+ 2 d6? + r? sin® 0 dg?.
Atr=r,, gy =0, g, — oo. This signals a
breakdown in coordinates, not in geometry.

Time Dilation and Gravitational Redshift

A static observer at fixed radius r > r_ expe-
riences proper time:

dr = 1—T—Sdt.
\ r

Asr — rg,dr/dt — 0. Distant clocks appear
to tick normally, but local clocks slow near
the horizon.

Photons emitted at ., and received at r,; —
0o undergo redshift:

r O\ 12
1+2z= (1— S> .
rem

As 1., — T4 2 — 00. Light from near the
horizon becomes infinitely stretched and fades
from view.

Finite Infall and Apparent Freezing

A freely falling observer released from rest
at radius 7, > r, reaches radius r < 7 in
proper time:

2 7“3/ 2302

7_(7'; TO) = g W

For any finite r, the proper time to reach the
horizon is finite. The infaller feels no discon-
tinuity; the horizon is not a physical surface.

Even an infaller starting from rest at infinity
crosses the horizon in finite proper time, and
continues to r = 0 also in finite proper time.

However, to a distant observer, the infaller ap-
pears to freeze at r = r, due to the divergence
of coordinate time: ¢(r) - co as r —r,.

Coordinate Inversion Below the Horizon

Inside the horizon (r < ), the signs of metric
components reverse in Schwarzschild coordi-
nates: g,; > 0, 9, < 0. In this coordi-
nate choice r behaves timelike and ¢ spacelike;
in horizon-regular coordinates (e.g., Edding-
ton-Finkelstein, Kruskal) this interpretation
is seen as a coordinate effect while causal fu-
tures still point to decreasing 7.

The physical implication is that movement
in r becomes mandatory. All future-directed
timelike paths lead to smaller r, ending at the
singularity » = 0. The singularity is not ‘a
place inside’ but a moment in the infaller’s
proper future.

This inversion reflects the geometry. Any at-
tempt to ‘hover’ or remain at constant r is
no longer physically possible once inside the
horizon.

Light Cones and Irreversibility

At the horizon,
remain on the surface: fTZ
0 for outgoing null rays at r = r,.

outgoing light rays

Below the horizon, all light cones tip inward.
Future lightlike and timelike paths are di-
rected toward decreasing 7. There is no direc-
tion within the cone that leads to increasing
radius.

This defines the event horizon as a one-way
temporal boundary: a surface from which
causal influence cannot escape outward.
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