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1. The Ernst spacetime.

> |t exists.
» Some intuition

2. Thermodynamics of the Ernst spacetime

» How to define mass/thermodynamic quantities?
» Does the first law hold?



Step [1]: The Melvin Universe
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Metric:
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Step [1]: The Melvin Universe
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Metric:
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Field strength:
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Fun fact
Flux:




Step [2]: Adding the black holes




A wormhole
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Thermodynamics

First law of thermodynamics:
dU = TdS + pdN
Well known Black hole solutions obey a similar law:

AM = 2= dA,, + 4 dQ
8

Does this also hold for the Ernst spacetime?
Difficult:

» Not asymptotically flat
» Find that Mapm =0

» But the black holes do have a mass!?
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Results

» Yes, M can be defined for this solution.

v

Use boost energy: Eg := [ T,,,&" X" to extract the mass
Found

v

_ 9 2

v

Frame dragging

v

For the Ernst metric:

M = 8i dAp, + ©dQ— 1 dB
T



What next?

» What about the (generalised) second law (area theorem)?

dA
>

TR

> |s there an honest way to derive ® and u?



Thank you.



Motivation

Quantum Gravity.
QFT+GR = Firewall paradox
Possible solution:
(GR) Wormhole = Entanglement (QM)

(Maldacena and Susskind)



Instanton

Wick rotation u — iu.

sinh(Au) — isin(Au),
cosh(Au) — cos(Au).

B

E— mouth worldine




