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University of Oregon; Spring 2008

Physics 353: Problem Set 1 — SOLUTIONS

1 Refrigerators

(@) d4Q=dU +edW . As usual, consider a cyclic process; $dU =0, so §dQ=¢dW , so
Q, — Q. =W (see diagram in the assignment). Cyclic, so the entropy of the engine is unchanged

(at best) or increases due to friction, over one cycle.
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Entropy “in” = Q. /7, since Q=7 Ao . Entropy “out” = Q, /7, .
Atbest, Q, /7, =Q. /7. Or more generally, Q,, /7, 2Q. /7. ,s0 Q, /Qc 27, /7,
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Q. = QiH_l,so y < 2_7H_1,1.e. V< m—
Qc Tc
(b) For a kitchen refrigerator, 7. #4°C = 277K , and 7,, # 23°C = 296K . Therefore the max.
COP we’d expect is about 15.

2 An ideal diatomic gas.

1
(a) 5 degrees of freedom, and, via the Equipartition Theorem, energy Er per particle per degree of

freedom, so U :gNr.
d . dQ
(b) In general, U ZENT. By definition, €, =—| . At constant volume, dW = PdV =0, so from
Tl
d du d
the thermodynamic identity €Q = dU . Therefore C, E—Q =—=—N.
drf, dr 2
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3 The Otto cycle.
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(d) 7=W/Q, . From the thermodynamic identity, W =Q,, —Q, , so 7 =—F—L=1-—=L_ Via
QH QH
parts b and ¢, 77 zl—ﬂ i
I3~ 10,

(e) [deleted) This is a somewhat subtle point, and you may skip this. Here’s a non-mathematical
discussion. We imagined that the only heat input, and hence the only “entropy gain” was that of the



gas (working substance) during stage 2-3. However, this can’t be true, even ideally. Uw/ike the
Carnot or Stirling cycles, temperature is not constant during this stage. Therefore, we must go from
one temperature (thermal equilibrium) to another. We know that whenever we put two systems
together to equilibrate them, the total entropy of the supersystem increases. This was not accounted

for in our Ac, and so we under-counted Q,,, and so our 77 is larger than what would be possible for
the Carnot cycle.

-\
(‘PD or Qé\it‘\\bq“'\'c MPGFI3;‘-’“S ” —t q X - CaOnLL ;
- -
T\q.P.MQ“rQ ‘[‘\]f ‘o '(L\J\

-\

-\ ¥
_C?‘\f\.‘ = '[\( \JQ__

y ' x-1
MR

Tz“Tz
= - &
20 - @)
-
AV 7
—

(g) A typical automobile compression ratio is I =10 (e.g.
http:/ | en.wikipedia.org/ wiki/ Compression_ratio). With ¥ =715 this means 7~ 0.6.



4 A heat engine and a refrigerator.
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For our system to be reversible, the entropy “out of”” the cold reservoir must equal the entropy “in.”
More generally, entropy does not decrease during the cyclic process — at best it stays the same.
Equivalently, the heat we extract from the cold reservoir must be at least as large as the heat put in if
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and therefore Q, >Q,. Therefore 1—% >0,and -7, <0,ie. <1 .
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