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Problems of General Relativity

Cosmology is based on General Relativity, which describes gravity 
as curvature of spacetime.

• Singularities: points with infinite density of matter.

• Incompatible with quantum mechanics. Quantum gravity may 
resolve the singularity problem.

• Field equations contain the conservation of orbital angular 
momentum, contradicting Dirac equation which gives the 
conservation of total angular momentum (orbital + spin) and 
allows spin-orbit exchange in QM.

Simplest classical extension of GR to include QM spin:
Einstein-Cartan theory. It may resolve the singularity problem.
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Einstein-Cartan-Sciama-Kibble gravity

• The torsion tensor is a variable in addition to the metric.

• The torsion tensor is the antisymmetric part of the affine 
connection.

• The covariant derivative of the metric vanishes (as in GR), and 
the connection has a purely metric part and a torsion part.

• The Lagrangian density is proportional to the Ricci curvature 
scalar R (as in GR), constructed from the connection.
The curvature tensor can be decomposed into a purely metric  
part and a part that contains the torsion and its derivatives.

Hehl, von der Heyde, Kerlick & Nester, 
RMP 48, 393 (1976)
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Einstein-Cartan-Sciama-Kibble gravity

• Variation of the total action for gravity and matter with respect 
to the torsion gives the Cartan field equations:

Torsion is proportional to spin density of fermions. ECSK differs 
significantly from GR at densities > 1045 kg/m3. In vacuum, it 
reduces to GR. ECSK passes all tests that GR does.

• Variation with respect to the metric gives the Einstein equations:
Curvature is proportional to energy and momentum density.
Using curvature decomposition, they can be written as GR with the 
energy-momentum tensor with terms quadratic in spin density.
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ECSK gravity and spinors
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ECSK gravity and spin fluid
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Gravitational collapse of fluid sphere
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Gravitational collapse of fluid sphere
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Gravitational collapse of fluid sphere
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Gravitational collapse of fluid sphere

11



Collapse of spin fluid sphere
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Collapse of spin fluid sphere
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Collapse of spin fluid sphere
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Nonsingular bounce
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Nonsingular bounce
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Nonsingular bounce
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The universe in a black hole
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If the Universe is closed, it is analogous to the 2-dimensional 
surface of a 3-dimensional sphere. The Universe would be 
mathematically the 3-dimensional hypersurface of a 4-
dimensional hypersphere.

The 3-dimensional space in which the balloon expands is not 
analogous to any higher dimensional space.  Points off the surface 
of the balloon are not in the Universe in this analogy.

The balloon radius = scale factor a.

The Universe expands (Hubble law).

The Universe may be finite (closed)
or infinite (flat or open).

Image credit: One-Minute Astronomer

Closed Universe
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Inflation
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Dark energy ceasing oscillations

If quantum effects in the gravitational field near a bounce do not produce 
enough matter, then the closed Universe reaches the maximum size and then 
contracts to another bounce, beginning the new cycle. Because of matter 
production, a new cycle reaches larger size and last longer than the previous 
cycle.

When the Universe reaches a size at which the cosmological constant is 
dominating, then it avoids another contraction and starts expanding to infinity.
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Every black hole creates a new universe?
Our Universe originated in a black hole?

Every black hole may create a new, closed, baby universe (Novikov, Pathria, 

Hawking, Smolin, NP).

Accordingly, our Universe may be closed and may have born in the interior of 
a black hole existing in a parent universe.

NP, PLB 694, 181 (2010)

This hypothesis could solve the black hole information paradox: the 
information goes through the Einstein-Rosen bridge to the baby universe on 
the other side of the black hole’s event horizon.

The motion through an event horizon is unidirectional: it defines the past and 
future. Time asymmetry at the event horizon may induce time asymmetry 
everywhere in the baby universe and explain why time flows in one direction.
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Summary – our Universe in a black hole

• The conservation law for total angular momentum in curved spacetime, 
consistent with Dirac equation, requires torsion. The simplest theory with 
torsion, Einstein-Cartan gravity, has the same Lagrangian as GR, but the 
affine connection contains the torsion tensor, generated by spin.

• Gravitational collapse of a spherically symmetric sphere of a spin fluid 
creates an event horizon. The matter within the horizon collapses to 
extremely high densities, at which torsion acts like gravitational repulsion.

• Classically, without shear, torsion prevents a singularity and replaces it with 
a nonsingular bounce. With shear, torsion prevents a singularity if the 
number of fermions increases during contraction via quantum particle 
production.

• Particle production during expansion produces enormous amounts of matter 
and can generate a finite period of inflation. The resulting closed universe on 
the other side of the event horizon may have several bounces. Such a 
universe is oscillatory, with each cycle larger in size then the previous cycle, 
until it reaches the cosmological size and expands indefinitely. 24


