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19. Stephen Hawking — Black Holes and the Information Paradox
1) Brief Biography & Context

Stephen Hawking (1942-2018) was one of the most famous physicists of the modern
era, a global icon who combined extraordinary scientific vision with personal courage.
Struck by ALS in his early 20s, he overcame physical paralysis to become a leading
voice in cosmology and quantum gravity. His work on black holes, spacetime
singularities, and quantum cosmology reshaped our understanding of the universe.
Through books like A Brief History of Time (1988), he brought frontier physics into public

consciousness, making him the most widely recognized scientist since Einstein.
2) Core Theory (Black Holes, Radiation, and Entropy)

Black Hole Thermodynamics

In the early 1970s, Jacob Bekenstein proposed that black holes possess entropy
proportional to the area of their event horizon. Hawking initially resisted but later proved
this idea by showing that black holes radiate. Together, they established the laws of

black hole thermodynamics:

Zeroth Law — Surface gravity (K) is constant across the event horizon (analogous

to temperature).
e First Law -
dM = (K/8TTG) dA + Q dJ + ®d da (analogue of energy conservation).
o Second Law - Total entropy (black hole + environment) never decreases.

e Third Law — K cannot reach zero by finite processes.
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The entropy is given by the Bekenstein—Hawking formula:
S=(kA)/(41p%)
where A = horizon area, lp = Planck length.

Hawking Radiation
In 1974, Hawking discovered that quantum field theory in curved spacetime predicts

radiation from black holes:

o Virtual particle—antiparticle pairs form near the horizon.
« Normally they annihilate, but one can fall in while the other escapes.

e To an external observer, the black hole radiates as a blackbody at temperature:
T_H=Thc®/ (8TIGMK_B)
This implies black holes evaporate over immense timescales.

The Information Paradox

If a black hole evaporates completely:

e Quantum mechanics requires information preservation (unitarity).
e Hawking’s calculation implied information loss.

e This conflict between GR and QM is the black hole information paradox.

Holographic Principle

Later work by 't Hooft and Susskind suggested information is not destroyed but encoded
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on the 2D horizon surface (holography). This became foundational for the AdS/CFT

correspondence, bridging black holes and quantum field theory.

Light Cones and Causality
Hawking showed how black holes warp light cones, tilting them inward at horizons. This
traps all causal signals, preventing escape beyond c. The famous “no-escape”

condition comes directly from this geometrical distortion of spacetime.

Unknown Parameters
In certain models (e.g., Hawking’s Euclidean quantum cosmology), extra fudge
factors/parameters were required to make equations consistent. These open parameters

highlight that GR+QFT in curved spacetime is not yet the full theory of quantum gravity.

3) What the Theory Explains Clearly

o Black holes are thermodynamic objects with entropy and temperature.

e Radiation and eventual evaporation occur via quantum effects.

o Entropy scales with horizon area, not volume — revolutionary insight.

e Gravitational collapse produces singularities, consistent with Penrose—-Hawking
theorems.

e Quantum field theory + GR interplay works surprisingly well semiclassically.

« Gravitational wave detection confirms predictions of black hole mergers.

4) Unresolved Issues / Limitations

e Information paradox remains: does information escape or vanish?

e Singularities are unresolved — infinite curvature suggests breakdown of GR.
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e Hawking radiation is too faint to detect directly from astrophysical black holes.
« The role of entanglement across horizons (firewall paradox) is debated.
» Requires reconciliation with quantum gravity (string theory, loop gravity, or

CUWEF-like frameworks).

5) Hawking’s Perspective

Hawking embraced bold, counterintuitive ideas: “Black holes aren’t black after all.” He
was willing to admit when his own predictions (e.g., strict information loss) needed

revision. Late in life, he leaned toward information preservation via holography.

He viewed physics not only as equations but as a quest to understand the origin and
fate of the universe. His disability and public persona amplified his message: science is

universal, and the cosmos belongs to all minds who dare to ask.

6) CUWF Interpretation (Closing the Gap — Extended)

Within CUWF (Cosmic Universal Wave Function), Hawking'’s insights are seen as partial
manifestations of Still Wave dynamics. Black holes are not “objects” but resonant nodes

of extreme phase density.

6.1 Event Horizons as Resonance Boundaries

In CUWF, the horizon is not a “surface” but a resonance threshold. It marks where Still

Wave modes inside and outside lose stable overlap, preventing phase exchange.
I ——
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6.2 Hawking Radiation as Mode Leakage

Particle—antiparticle pairs reflect resonance leakage: the Still Wave lattice does not
perfectly confine modes. What appears as spontaneous emission is phase tunneling

across the horizon boundary.
6.3 Entropy as Relational Density

Black hole entropy & area is natural in CUWF: the number of relational overlaps scales
with the boundary surface, not interior volume. Entropy is phase density of Still Wave

resonance modes.
6.4 Time Near Black Holes

Time dilation is explained as entropic gradient flattening. Near horizons, VE -0, so
local time nearly halts. This reframes Hawking’s use of light cones: the cone tilt

corresponds to entropy-gradient collapse.
6.5 Singularities as Breakdown of Approximation

GR'’s singularities are artifacts of macroscopic geometry. In CUWF, extreme densities
trigger phase transitions of Still Wave modes — new harmonics emerge, avoiding

infinities.
6.6 Information Preservation

In CUWEF, no information is lost. Information is encoded in relational phase patterns of
W,,. Black hole evaporation redistributes resonance; holography is one approximation of

this deeper principle.
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6.7 Firewalls vs Smooth Horizons

CUWEF resolves the firewall debate: “firewalls” arise from misinterpreting entanglement

as spatial transfer. In CUWF, the wave is unified, so smooth horizons remain consistent.
6.8 Hawking’s Unknown Parameters

The need for arbitrary parameters reflects incomplete recognition of Still Wave

substrates. CUWF removes fudge factors by grounding all dynamics in Wy(x, t, R, E).
6.9 Light Cones in CUWF

Hawking's tilted light cones reflect phase anisotropy. In CUWF, light cones emerge as
projection geometry of Still Wave resonance. They are not absolute, but harmonic

structures of the lattice.
6.10 Black Holes as Entropic Sinks and Consciousness Links

Black holes, by flattening VE, push systems toward timelessness. CUWF suggests
horizons may resonate with consciousness fields, as awareness also arises from

entropic gradients. This reframes black holes as cosmic mirrors of mind.

6.11 Wormholes and Quantum Bridges

Hawking considered wormholes as speculative but possible. CUWF reframes them as
resonance bridges where Still Wave modes reconnect across distant nodes. They are

not tunnels in space but phase shortcuts in the relational web.
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7) Summary & Transition

Stephen Hawking transformed black holes from obscure mathematical oddities into
laboratories for testing quantum gravity. His synthesis of GR, thermodynamics, and

quantum field theory revealed deep paradoxes that still drive research today.

Within CUWEF, these paradoxes dissolve: horizons are resonance boundaries, entropy
reflects relational density, singularities are avoided by phase transitions, and information
is preserved in the universal wave. Hawking'’s legacy is not overturned but extended —

his “paradoxes” become signposts to the Still Wave foundation.

This prepares us to move next to Roger Penrose (#18), Hawking’s close collaborator
and intellectual partner, whose ideas on cyclic universes and consciousness continue

the quest for a deeper cosmology.
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