Problem 1 (20 pts.)

(a) We use the linear expansion formula

Ad = adAT (1)
4-107 em = (20- 107°(°C) " HAT (2)
AT = 50°C (3)

Taking room temperature to be about 25 °C', we need a final temperature of 75°C'

(b) We use the volume expansion formula
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% =1+ 3aAT (4)

=1+3-107° (5)

Problem 2

(a) If we look at the motion of a gas particle moving only in the x-direction, the time
between collisions is given by
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At (6)

(b) The average force F, on one of the walls considered in part (a) is given by

APy 20,0,  mu?
At 2L L (7)

using the fact that the directions are all isotropic, we have v? = v2 + 112 = 202, 50
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(c) Using the equipartition theorem, we know that
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K = SksT (9)

since each gas particle has 3 degrees of freedom. Using K = %mqﬁ,
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so that
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or, equivalently,
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Problem 3
(a) First, we note that

so that
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(b) The efficiency is

This efficiency must be less than the Carnot efficiency
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ASda = 5 Rln (&>
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Problem 4

(a) For free expansion, we have

PV = P;Vy
v
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f V;
For adiabatic expansion,

PV = PV}
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Since v > 1, we see that free expansion leads to a larger volume

(b) Free expansion:
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Adiabatic:
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(c) Free expansion:
AU =0
Adiabatic:
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(d) Free expansion:
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Adiabatic:

AS =0 (41)

Problem 5

(a) Since the ice does not melt, the heat enetering the middle region must be equal to the
heat leaving the mieddle region. Thus we need

Qwood o leass

At At (42)
koA k., A
T(TB - Twater) - gT(Twater - TL) (43)
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where we have used T, = 0°C.

(b) We need the total heat delivered to the ice to be equal to the energy required to melt

the ice:
Qwood + leass - miceLz’ce (45)
or
mzceche Qwood + leass
= 46
At At (46)
kyA k,A
= Tg + gl T (47)
koA
= —gTTL (48)
where we have used Tg = —2:—iTL for this problem. Thus we have
iceLicel
At = Ticeicel (49)
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