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Syllabus:

 *    Goedel, van Stockum,Tipler- planes

  *    Spacetime metrics, warped space 

 * Closed Timelike Curves (CTCs)

 * From 5D to 6D

  * Energy distribution

 * Conclude
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GTvS spacetime

.

Distortions of the “lengths” phi and t 
in the radial direction 

is an example of warping.

And an example of time-warping is 
the Robertson-Walker big-bang metric.
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Negative time:
.



MPI-KernPhysik, Heidelberg, May 2009 Tom Weiler,  Vanderbilt University, USA
 

Lightcone slopes:
.
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.Product of lightcone slopes:
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GTvS - the good, bad, and ugly
.

Text
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A linear path off the brane
.
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.

Eqn. (8),

Causal properties:
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Causal properties (continued) :
.
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CTC “construction”:
.
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Negative time:
.
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Return path:
.
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CTC condition(s) :
.
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CTCs in N+1, N=2,3,....
We have seen GTvS CTCs in N=2 (phi,r).  
Therefore, we expect metrics in N=3,4,... with CTCs.  
Eqn (22) shows that this is so.  

The mathematical recipe that emerges from Eqn (22) is simply:

(i) allow gxx to change sign as a function of another spatial variable;
(ii) take gtx nonzero;
(iii) arrange a suitably “fast” return path.

AND, there is an aesthetic input:
choose a metric that is physically motivated.
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Causality with one warped dimension:
.

Boosting, 
This looks promising, of the GTvS form.

(32)
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CTCs with two warped extra dimensions:
.
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.

.
.
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Stress-energy tensor and energy conditions 

.

.
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.

A good discussion/display of various energy-conditions in S. Carroll’s GR book.
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Energy figure

.
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Energy (philosophic discussion)

.
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*    GTvS CTCs easily generalize to more dimns

(general CTC conditions on metric given)

  *    There exist spatially warped metrics in 6D 
(not 5D) exhibiting CTCs 

 * These CTCs challenge “chronology protection”,
and may enable iner-temporal communication

 * Intriguing energetics, 
positive on brane, 

negative in bulk

  * More implications, more models to investigate

Summary
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Extra slides
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Energy conditions:

.


