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C.P. corresponds to "Covariant Physics".

Define
F(t) = f(x,t)dV,
(t) /(t) (z,1)

where V' (t) always consists of the same fluid particles. We assume the flow map X is smooth

and invertible, f is smooth. Spatial coordinates & metric are time-independent.

Spatial coordinates z* & material coordinates X4

1,7,k A B,C

Spatial metric g;; & material metric Gj;
Denote d3z = dz'dz2da3.
By Eq (2.137) in C.P.
AV = /|g| ¥z = T d®z
Let Vj denote a fixed ref. configuration of the fluid. Each fluid particle is assigned a fixed

material label X4.

Therefore,
dx4
=0
dt
Current spatial coordinates
= XUXAt)
Exercise 1. Show that for a given particle
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dt 0t |y
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Reynolds transport theorem proof -



We know that

AN g =61

A ANt =65
By Eq (2.127) in C.P., J = |A|
dv = ¥z = 73X

Therefore,

F(t) :/V FX(X, 1), )T (X,t)d>X

L= | SUen.0gxn ax
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Second term J = det[A 4]
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By Eq (8.108) in C.P.

d|M| = |M|Tr(M~*dM)

Reynolds transport theorem proof - 2
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Reynolds transport theorem proof - 3
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