Problem 5-7 solution
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Solution #1 (a)
We assume that the engines are Carnot engines, then

Q20 = %Qw = 3?1%, Qap = %Qla = Q21a, Q30 = %sz = 22%
= Wi = Qu— Q2 = %7 Wy = Qia— Q3 = Q;a, Ws = Qa — Qsa = %
Also,
Q = Q1o+ Qu = 1200J
W = Wy+Wo+Ws = Q21“ + % +% = 200J
We get
W:Q21a %+%:Qla;lei%+%:%7an+%
= Qo — Qu = 3(%—W) = 1200
= 1200J is rejected at the second reservoir.
Next, from the overall conservation of energy
W = Qua+Q1p— Q20+ Qap — Q3o — Q3 = — Q30— Qap = 200 = (Q3q+Qz) = —200J
= 200J of heat is absorbed at the third reservoir
(b), (¢)
AS, = sz-:Qw _ 3%7 AS, — Q2a;2Q2b _ _4%’ AS; — Qsa;;st _ 1%

= AS = AS; +ASy + AS3 = 0 as it should be for a reversible process.

Solution #2
Let us denote heats absorbed by the engine as Q1,Q2, and Q3 (so Q1 = Q1a + Q1p, Q2 = — Q24 + Q2p, Q3 =
—Q3a — Q3p ). If the process is reversible, change of entropy is zero so we get

Q1 Q2 Q3 _

T1+T2+T3 =0 and Q1 +Q2+Q@Q3=W

Q1 Q2 Q1+Q: W Q2

i + T i + T +300 0t 0 = Q2 00, @3 = 200

so 1200J is rejected at reservoir 2 and 200J is absorbed at reservoir 3.



Problem 5-13 solution

(a): heat engine

(b)
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(d)

In reverse
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Qvse = To(sy—s1) = 250R ~ 2.1 x 10°J,
QC—)d = Oa

Qisa = Ti(s1 —82) = —100R ~ —83x10°J
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