1. Relativistic Boltzmann equation (Lecture 1)

Show 5
0 0 2 2y
(p’ Ou + mF"w> 6(p")s(p"+m7)=0

provided that either F*p, =0or F¥ = -0"m =20
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2. Entropy production (Lecture 1)

Starting from the fluid-fleld coupling model

ovr(4) _
¢

show that the entropy current (S* = sU*, s = dp/dT ) satisfies
0,8" —n(¢> (U- 90y

Don't forget that T#” = wU"U" + pg"”, w = Ts,and p = geffg—; T* — Vr(9).

0T + 0612 %(u 8¢)9"
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3. Junction conditions (Lecture 2)

Starting from EM conservation across the bubble wall:

2 - 2 2.2 2.2
WoryZVo = wyyiVy, WoyZVo 4+ po = weyiVi 4+ py

show
.y = PP v e tps
er—e. - er+p-
and hence
v = 1-(1 —3a+)r717i _ 3+ (1 —3ay)r
3-3(1+ay)rv-  1+3(1+ay)r
where
> 0r=1(ex—3ps), AO=0,—0_
e %

> r=wy/wo
Hint: solve for variables X = v, v_, Y = v, /V_.
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4. Sound waves (Lecture 2)

The EM tensor for fluid perturbations with z dependence only is
TII _ W’Yz - p, th _ W’V2 Vz’ Tzz _ W’VZ(VZ)Z + p

Consider perturbations: je = e — &, §p = p — p, v* all < 1. Assume that the
pressure and and temperature are functions of temperature only p = p(T),
e = e(T). Show that the equation for small perturbations is

(67 - ge2) v =0,  (8F - o:)se=0,

where ¢ = dp/de.
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