Physics 132 HW #9 Solutions Professor Mallinckrodt

Assignment: From Problem Set #10 (Serway and Beichner) : 26, 36, 39, 44, 53, 54, 60, 63

10-26 (S&B 22-26) The maximum theoretical valueis
QW = Qn/(Qn—Q¢) = TW/(Th—T¢g) =293/25=11.7

so the actual ratio is 1.17. Thus, each Joule of work resultsin 1.17 J of energy heat entering the room in
the form of heat.

10-36 (S&B 22-36) First find the equilibrium temperature by solving the calorimetry problem:
DE = DEy + DEjy = mycw(Teg— Tw) + MiiCi(Teg—Tir) =0
MyGw Tw + MiCirTir o
P Ta¥ T mgy g - 332°C
Now find the change in entropy by considering a process in which heat is quasistatically added to the water
and removed from the iron until both are at the equilibrium temperature.

Teq Teq Teq Teq
_8dQw  8dQr  8mwondT  8mygdT
DS= 0 T + O T =0 T + O T
Tw Tir Tw Tir
= MGy IN(Tey Tw) + MyCir IN(Tey Tir) (TinKI!

=+1319JK -602 JK = +717 JK

10-39 (S&B 22-39) Since the gas does no work and no heat is added, its energy does not change. If we
assumethat it behaves like an ideal gas, itstemperature also does not change. Therefore, we can find the
entropy change by considering a quasistatic, isothermal expansion to the samefina state. In anisothermal
expansion, dQ = dW = pdV = nRT dV/V so
2V
nR dVv
= 0~y _ =hRIn2=+5.76 JK

Vi

g

AIM:1/1/02 Page 1 of 3 Homework #9 Solutions



10-44 (S&B 22-44) Two possible paths from theinitia state to the final state are shown
inthe drawing at right. P end
Along path 1 we have 1

o §9 . fe
const V const P
= nCy IN(Teorne Tstart) + NCp IN(Tend/ Teorner)
But Teorner/ Tstart = Peorner/Pstart = 2
and Tend/ Teorner = Vend/Veomer = 2 SO v
DS=n(Cy + Cp) In2=n (6R) In(2) = 34.6 JK
Along path 2 we have

8dQ 8dQ
o + 0T
const P const V
= nCp IN(Teorne Tstart) + NCy IN(Tend/ Teorner)
But Teomer/ Tstart = Vcomer/Vstart = 2
and Tend/ Tcorner = Pend/Peorner = 2 S0
DS=n(Cy + Cp) In2=n (6R) In2 = 34.6 JK

It makes no difference which path we use because entropy is a state function,\ the changein entropy
depends only on theinitia and final states.

start

DS =

10-53 (S&B 22-53) For thiscycle, heat is added during the isovolumetric heating and during the
isothermal expansion. Since the heat added during the isothermal processis equal to the work done, we
have

Qin =nCyDT + nRT In(V{/V;)

=2 nRE@T) + NRET)) In@)

=nRT; (3+31n2)

Heat is removed during the isovolumetric cooling and during the isothermal compression. Since the heat
removed during the isothermal processis equal to the magnitude of the work done, we have

Qout =T NCyDTT + 1 nRT In(V#/Vj)i

=2 hRET) + NR(TH) In@)

=nRT; (3+1n2)
a) Thus, the net energy transferred to the gas by heat in one cycleis
Qcyde = Qin — Qout = (21n2) NRT;
b) Thisisaso equa to the work done by the gasin one cycle so

(21n2)
e=W/Qjn = I+ = 0.273
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10-54 (S&B 22-54) To take 30 g of water at 22°C and make ice at —10°C requires the removal of heat
Q =mgcy 22°C + mLfy + MCjcel0°C = 2763 J + 9990 J + 1254 J = 14.01 kJ
Since COP = Q¢W = 3.00, removing this much heat will require 14.01 kJ/3 = 4.67 kJ of work. Doing this
much work in a minute represents a power input of
P=W/t=4.46kJ60s=77.8W
The maximum CORP for this situation is QW = T¢/(Th — T¢) = 6.02

10-60 (S&B 22-60) a) Work is done by the gas during the isothermal expansion and on the gas during the
isobaric compression. The net work done by the gasin onecycleis

W =nRT In(V{/V;j) + P(V-Vj)
= PaVaIn(5) + Pg (Vc —Vp)
=(501In(5)—40) L am=4.10kJ
¢) Heat energy is expelled by the gas along the isobaric compression

Qout =1TQI =1nCpDTT = g nRI DTT :g PrDVi =100 L atm =10.1 kJ

b) The heat inisjust the sum of the work done and the heat expelled, so
Qin =W + Qout =142 kJ
d) e=W/Qj,=0.288

10-63 (S&B 22-63) a) Heat isadded along paths AB and BC so
Qin=nCy(Tg—Ta) + NCx(Tc —Tp)
3

w NIw NI

NR(Tg—Ta) + % NR(Tc —Tg)

5
(PBVB—PaVa) +35(PcVc—PgVp)

5
=32 (2RVi) +3 (3RiVi)
=10.5P;V; = 10.5 nRT;
b) Heat isremoved along paths CD and DA so
Qout =TNCy(Tp —Tc) + NCp(Ta —TD)T
=12 nR(Tp - T¢) + 2 NR(Ta - To)i
.3 5 )
=15 (PoVDp—PcVc) +35(PaVA—-PpVp) i

3 5
=3 (4RV) +3(1RVj)
=8.5P;Vj =85nRT,;
c) e=W/Qin = (Qin — Qout)/Qin = 0.190
d) Theextremetemperatureratiois Tc/Ta = PcVc/PaVa = 6 so the efficiency of a Carnot engine running
between these extremesis

ec=1-TJTh=1-1/6=0.833
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