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“Analogue models” for curved spacetime can be very
useful for guiding physical intuition in general relativity.

The “acoustic metric” describing sound in a flowing
fluid is perhaps the simplest of the “analogue models™.

A “draining bathtub” vortex can be set up to exhibit
both a horizon and an ergo-surface.
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In a flowing fluid, if sound moves a distance dx
In time dt then

1dZ — & dt|| = ¢s dt.
Write this as
(dZ — ¥ dt) - (dZ — T dt) = c2dt?.
Now rearrange a little: (Quadratic!)

—(c?2 —v?) dt? —27-d¥ dt+dZ-dZ = 0.
S
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Notation — four-dimensional coordinates:

o = (29 %) = (t; D).
Then you can write this as
guv dzt dz¥ = 0.

With an effective acoustic metric

g’u,/(t)f) o ' I e e e

Sound cones!




Victoria

UNIVERSITY OFF WELLIMGTON

Te Whare Winanga
o fe Upoko o te [k a Mewi

: : : 1gs
For an irrotational barotropic
inviscid fluid, linearized perturbations (sound waves,
phonons) obey the wave equation:

This is a massless minimally coupled scalar that
“sees’’ the “acoustic metric’’:
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Use: constant density, constant sound speed, zero
torque. (You will need an external force.)
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The acoustic horizon forms once the radial velocity

exceeds the speed of sound.

An ergo-surface forms once the speec
speed of sound.

exceeds the
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Can we construct an acoustic geometry
that mimics Kerr spacetime in detail?
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The background flow, which determines =es
the “acoustic metric” is governed by the
continuity, Euler, and barotropic equations:

Engineering perspective:
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This is the external force required to maintain the vortex.

For zero external force:



U = vp(r) 7 4 v4(7) 0.

p(r) ¥(r) -7 ds =2m p(r) vs(r) r = 27 k.

—S—,

k1
'O(T)_fru,a(r)
Sk k
f=— (v V)27+czﬁr( 1> 7
Uy Uy
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Calculating external force and
decomposing into angular and radial pieces:



In Boyer--Lindqui

In the plane:

This is conformal
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st coordinates:

y flat, but not obviously so.

Adopt new coord

inates:
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This gives two equations: 2
Eliminate

Differential equation:
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Fix boundary conditions:

Define;
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This is now in “acoustic form’’:

Pick off the coefficients:
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This has the advantage of being completely explicit,
albeit a trifle messy!
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Ergo-surface:

Horizon:

The Kerr equator can [in principle] be exactly
simulated by a very specific vortex.

This is not likely to be experimentally feasible.
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The coordinates were not useful?

simple “analogue models” that
generate fully general geometries...
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