Chapter 19 Problem 60 f

Given

men = 500 g = 0.500 kg
To, =80°C' =353 K
mpgoo = 1.0 kg

Too = 10°C' =283 K
couw =386 J/kg- K

Solution
a) Find the final temperature when the system reaches equilibrium.

Since the initial temperatures of the water and copper are between the melting point of ice and the
boiling point of water, there will be no phase changes. Then the equation for keeping track of the heat
transfer involves sensible heating/cooling.

AQcu +AQm20 =0
MeuCouATen, + mpaoc20ATH20 = 0
mewCou(T — Tow) + musoca20(T — Taao) =0
Solving for final temperature gives
meycoul — meuwcouTow + Mu2ocH20T — Mu20cH20TH20 = 0

mcyCoul + Mu2ocu20T = Mmeuwcouow + Mu20cH20TH20
T mcuCoulcu + muocu20Tn20

McuCou + ME20CH20
0.500 kg)(386 J/kg - K)(353 K) + (1.0 kg)(4184 J/kg - K)(283 K)
(0.500 kg)(386 J/kg - K) + (1.0 kg)(4184 J/kg - K)
b) Find the entropy change of the system.

T:( =286 K

Since the temperature changes as the water/copper is warming/cooling we must integrate to get the
entropy change.

2

dQ
AS = [ — 1
/5 (1)
1
The heat required to warm water is
AQ = mcAT

Therefore, for infinitesimal temperature changes
dQ = mcdT (2)

Substituting 2 into 1 and integrating gives
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For the water we get

286 K
ASps0 = (1.0 kg) (4184 J/kg - K) In (283_}()

ASpo =441 J/K
For the copper we get

ASen = (0.50 kg) (386 J/kg - K)In <286 K )

353 K

AScy, = —40.6 J/K
The total change in entropy is then

ASpy =44.1 J/K —40.6 J/K = 3.5 J/K



