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This is incorrect and will be explained further next time

The problen@hat we looked at fixed region in space (Eulerian viewpoint) whereas we should follow the mass
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For balance laws, we need to follow the same region of material as it moves in
space
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1.8 Extensive Properties and their Densities.

In the previous sections we considered physical properties such as temperature that were
associated with individual particles of the body. Certain other physical properties in con-
tinuum physics (such as for example mass, energy and entropy) are associated with parts of
the body and not with individual particles.

Consider an arbitrary part P of a body B that undergoes a motion y. As usual, the
regions of space occupied by P and B at time ¢ during this motion are denoted by \(P,t)
and y(B.t) respectively, and the location of the particle p is y = x(p,1).

We say that € is an extensive physical property of the body if there is a function Q(-,t; y)
defined on the set of all parts P of B which is such that

(i) _
QP UPytx) = UPLEY) + QPo.t; x)

(1.30)

for all arbitrary disjoint parts P, and P, (which simply states that the value of the
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QP UPyt:x) = APy X) + QAP t; X) (1.30) P
for all arbitrary disjoint parts P, and P, (which simply states that the value of the )

property {2 associated with two disjoint parts is the sum of the individual values for

property €2 associated with two disjoint parts is the sum of the individual values for SL - }77“'(5
each of those parts), and
(ii)
Q(P,t;x) = 0 as the volume of \(P,t) — 0.

Under these circumstance there exists a density w(p,t; x) such that

QP,t;x) = /J.‘(p.f: \) dp.
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Formal proof of Reynold's transport theorem
Theorem 145 (Transport Theorem) Let g € C'(3,R) be a spatial scalar
field. Then

l
o /(\ t)ydv, = [ (¥,t) + gi(y, t)vi(y, t) + g(y.t)vii(y, t)| dV,

:l
/ { ,t) + |gv; } dv,
9% : ,
/ 5 y,t / g(y.t) [V(y.t) - n(y.t)] dA,,
P,

where n(y,t) is the outward unit normal to P, at y.”"
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