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e In recent years, strong analogies have been established between
the physics of acoustic perturbations in an inhomogeneous dynamical
fluid system, and some kinematic features of the space time in
general relativity.

o An effective metric, referred to as the ‘acoustic metric’, can be
constructed, which describes the geometry of a manifold in which the
acoustic perturbation propagate. This effective geometry can capture
the properties of curved space-time in general relativity.

e Physical models constructed utilizing such analogies are called
‘analogue gravity models'.

Laboratory experiments with general relativistic black holes are basically
impossible. There is now a lot of interests in stimulating black holes by using
fluid dynamics/condensed matter analogues.



A Laval Nozzle - found at the end of rockets - makes a ready analogue to a black hole. The incoming fluid is
subsonic; the constriction forces it to accelerate to the speed of sound, so that the outgoing fluid is supersonic.
Sound waves in the subsonic region can move upstream, whereas waves in the supersonic region cannot. The
constriction thus acts just like the horizon of a black hole: sound can enter but not exit the supersonic region.

Quantum fluctuations in the constriction should generate sound analogue to Hawking radiation.
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e Astrophysically relevant scenarios - black holes, early
big-bang cosmology, relativistic collisions of elementary
particles and ions.



Spherically symmetric black hole accretion

v
M= —

Cs
e The exact location of Ry is computed as a non-linear function of only two accretion parameters.

e The analogue Hawking temperature is also computed as a non-linear function of accretion parameters.
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Motivation

e General approach — linear perturbation of a velocity
potential.

e Stationary solution of the continuity equation — matter
inflow/accretion rate.
e Explains stability of both the velocity and density fields.

e Our goal — find acoustic metric for fluid moving around a
Schwarzschild black hole in linear perturbation over
stationary background flow.
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Axisymmetric flow in Schwarzschild Space time
e The metric :

ds® = —fdt? + f~'dr? + r?d6? + r?sin? 0d¢? (1)
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o Normalization — v/v, = —1 = v/
e Energy-momentum tensor of a perfect fluid

TH = (e +p) VAV + pg"”. @)

: L , 0s
e Assumptions : inviscid, isentropic (= P 0) and
P

irrotational.
e Thermodynamic identity

dh = Td <S> + e, 3)
p) P

where, h = <P,
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e For an Isentropic irrotational flow
Oy (hv,) — 0, (hv,) =0
e Baryon number conservation =
Vu(pv")=0
e Energy-momentum conservation :
vV, T = 0.
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Axisymmetric flow . ..

For an Isentropic irrotational flow
Oy (hv,) — 0, (hv,) =0
Baryon number conservation =
Vu(pv")=0
Energy-momentum conservation :
VT =0.

p=1tr¢0=7.
Stationary Solutions, Eq. (5) =

pvr2 = W = constant.
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@ Linear perturbation
v = v, ve =y v

p = po+p
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Axisymmetric flow . . .
@ Linear perturbation
Vo= wt v, v = v
p = po+p
Vo= Wo(=povor®) + V(= poV r* + p'wor?).  (15)
@ Substituting above in Eq.(11)

—1 0V’ v rRraif poV
,<V5°°>3rp +( “)a,v (16)

r2 or vif? f2v§

@ Taking time derivative of v o= Po vy p/ v r? and using above eqn.
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@ Substituting in Eq. (13)
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O (o) =0, (20)



Axisymmetric flow . . .
@ Substituting in Eq. (13)

1 : vov' + v§ ve r2f ap avy .
—— OV + 0 dip = 0(19)
vif2 ! vif2 p po V{2
@ Wave equation
O (o) =0, (20)
o
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v 2 — as(vi + vg r?f)
v 1 2 vov(1 — a3)
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e In Lorentzian manifold, d’Alembertian —
A 1
P =
V=g
o Note
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Axisymmetric flow . . .

e In Lorentzian manifold, d’Alembertian —

1
AYp = ——0, (V=gg' o) . 21

o Note
v/ —-GaH = fH, (22)
e Acoustic metric :

—vg+as(ve+T) vovi(1 — &)

_ 2
a Vi + aB(V8 + vy r3f)
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A rotating Rindler spacetime

o Metric
ds? = —a?x2dt? + dx? + dp? + p2d¢?. (23)

e Introduce uniform rotation ¢ — ¢ — Qt

ds? = —(a2x% — Q2p%)df? + dx® + dp? — 2Qp%dtdp + p?d$?.(24)

e Hypersurface orthogonal timelike Killing vector field :
Xa = (0t)a + Q(9y)a. Norm : —a?x2 = horizon, also
ergosphere (g = 0) — mimics Kerr.
e Acoustic metric
—V§+ 5 (VE+1) vsvd(1 —c3)
—1
e VP Px® 4 2 (V2 + PV
S0 stg(1 7030) s f520( s TP Vs )
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Discussions

e Alternative derivation of acoustic metric.
e Attending problem from a more astrophysical point of view.

e Found the same acoustic metric, thereby confirming the
physical basis of the entire analogue gravity subject.

e Generalize for Kerr Geometry - metric has off-diagonal
elements.
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