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Unphysicality of Morris-Thorne Wormhole
•

Violates Topological
Censorship
•
•

•

Compactly Generated
Cauchy Horizon
•

Morris, Thorne, Yutsever 1988

Friedman, Schleich, Witt 1993
Exotic Matter Required

Unstable to perturbations

General Refutations of CTC
•

Manifold is not time Orientable
•
•

•

Chronology Protection Conjecture
•
•
•

•

Convenient assumption
ad hoc

Hawking 1991
Compactly Generated Cauchy Horizons are unstable
Some CTC are CGCH free

Spacetimes with CTC and no CGCH
violate energy conditions or are
geodesically incomplete
•

Maeda, Ishibashi, Narita 1998

Alcubierre Warp drive
t=3
t=2
v>1
t=0

•
•
•
•

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

t=2

T1
V1

•

T2

V2

time coordinate can’t be “retrograde”

Causal structure of a
“Time Machine” bubble
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Figure 9: This spacetime diagram illustrates how lightcones will be oriented around the TARDIS geometry. Outside
of the TARDIS, time is aligned in the vertical direction. Inside of the bubble, lightcones tip along a circular loop, and

Toroidal Traversable Acausal
Retrograde Domain In Spacetime
(T.A.R.D.I.S)
massive objects can travel backwards in time.

Part 2: Explaining the TARDIS
Tuesday, October 22, 2013

THE TARDIS GEOMETRY

Our TARDIS geometry can be described as a bubble of spacetime geometry which carries its contents
backwards and forwards through space and time as it endlessly tours a large circular path in spacetime9 .

The inside and outside of the bubble are a flat vacuum, and the two regions are separated with a boundary
of spacetime curvature.
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Figure 1: A spacetime schematic of the trajectory of the
a
2
TARDIS bubble. Arrows denote the local arrow of time.
Observers Amy2(A) and2Barbara (B) experience the same
11
events very di↵erently.
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: An external observer will see two bubbles suddenly emerge from one another, one whose contents appear

wh

to move backwards in time.
Thursday, October 24, 2013

rcle in spacetime. If a person were to be transported within the bubble, she would be

ely forwards, sideways and even backwards in time!

(c) TARDIS boundaries at
moving T=±75

(d) TARDIS boundaries at
T=±100

Figure 2: Evolution of the boundaries of the bubble, as
defined in section II B, as seen by an external observer. At

be

Stress Energy Tensor
5

7

6
sophically problematic and unphysical. Most theorems concerning CTC do not even consider manifolds which are not
time orientable. This is a bubble spacetime, e↵ectively generated by stitching together two geometries across a boundary
[28]. In our case, the choices we made for an internal geometry has rendered the overall manifold non time orientable.

(a) Gzz along the slice y = 0, t = 0

(a) Gtt along the slice z = 30, y = 0

(b) Gty along the slice z = 30, y = 0

(c) G xx along the slice z = 30, y = 0

(d) G xz along the slice z = 30, y = 0

(e) Gyy along the slice z = 30, y = 0

(f) Gzz along the slice z = 30, y = 0

(a) Gzz along the slice y = 0, z = 0

(a) G xz along the slice t = 0, x = 100

Also note that, in light of CPT symmetry, errant time travellers who leaves the machine midway through the journey
my find themselves composed of antimatter.

(b) Gyy along the slice y = 0, t = 0

(b) Gyy along the slice y = 0, z = 0

Figure 5: Nonzero terms of the stress energy tensor along the
slice y = 0, z = 0.
(b) G xy along the slice t = 0, x = 100

The violation of the classical energy conditions is unsurprising,
the derivation
ofthe
thisstress
metric
mirrored
thatalong
of thethe
Figuresince
9: Nonzero
terms of
energy
tensor
Alcubierre warp drive,slice
and xthe
spacetime
= 100,
t = 0.bubble is meant to
travel superluminaly.
In spite of the particle physics community’s exuberance at
generously interpreting CPT symmetry in terms of electrons
moving backwards in time, the relativity community under-
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Causal Structure: Null Geodesics
4

•

Light cones tilt

•

Cauchy Horizons

•

Manifold NonOrientable

•

CH not compactly
generated
•

Figure 4: Null geodesics travelling through a cross section y = 0, z = 0. The intersection of null curves can indicate the
rientation of the light cone. The insertion of such a bubble geometry into an external spacetime renders it nonorientable. Note
hat some geodesics (green) have both endpoints in what an external observer might call the “future”, and other geodesics (red)
have both endpoints in the “past”.

(CPC does not apply)

Causal Structure:
Geodesically Incomplete
Cauchy
Horizon
Ends at I ±

•

Incomplete null geodesics
terminate at curvature
singularities

•

Some of these incomplete
curves generate Cauchy
Horizon

Ends at I +
Ends at
singularity

Conclusion: Fun!
•

Bubble geometry has all
desired properties
• Non Orientable manifold

•

Physically Problematic:
• Violates Classical EC
• Curvature Singularities
• Geo. Incomplete

Cauchy
Horizon
Ends at I ±
Ends at I +
Ends at
singularity

• Why aren’t these issues
present in the Warp Drive
CTC geometry?

