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“Time Travel”
Closed Timelike Curves

Timelike curves which are closed

“The Time Machine”
HG Wells 1895



Popular Geometries with
Closed Timelike Curves

Godel 1949

- angular momentum cosmology

Tipler 1974

- Infinite rotating cylinder

Tomimatsu Sato 1973
- weird rotating kerr thing

Friedman, Morris et al. 1990
- wormholes + twin paradox
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of Morris-Thorne Wormhole
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FIG. 2. Spacetime diagram for conversion of a wormhole
into a time machine.

Morris, Thorne, Yutsever 1988

* Violates Topological

Censorship
e Friedman, Schleich, Witt 1993

 Compactly Generated

Cauchy

orizon



Refutations of CTC

e Manifold is time Orientable

- Convenient assumption

* Chronology Protection Conjecture

Hawking 1991
- Compactly Generated Cauchy Horizons are unstable

e Spacetimes with CTC and no CGCH
violate energy conditions or are

geodesically incomplete
« Maeda, Ishibashi, Narita 1998



Alcublerre Warp drive

 Vacuum inside and outside

 "Bubble” geometry

* observer inside, comoving with walls has
same time coord as an external observer

* Violates Classical Energy conditions



2 Warp bubbles=CTC

* time coordinate can't be “retrograde”



Causal structure of a
“Time Machine” bubble

Toroidal Traversable Acausal

Retrograde Domain In Spacetime
(T.A.R.D.L.S)



Bubble Geometry
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From The Outside:

2t? 4ot
7 || (~d? + d2?) + () i drdt + dy? + dz*
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5. Bubbles Merge
and Dissapear

4. Bubbles accelerate
together

3. Bubbles slow
and stop
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Stress Energy Tensor

- Violates CEC

- Curvature
Singularities



Causal Structure: Null Geodesics
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Causal Structure:

Cauchy

Horizon

—— Endsat| * * Incomplete null geodesics
— Endsar| * terminate at curvature

Ends at

singularity SlﬂgUlarltleS

e Some of these incomplete
curves generate Cauchy
Horizon




Conclusion: Fun!

 Bubble geometry has all
desired properties

* Physically Problematic:

e \Why aren't these Issues
present in the Warp Drive
CTC geometry?




