
Physics 4C: Collected Homework 2

Solutions are not considered complete without the logical argument and/or full calcula-
tion.

1. Figure (a) shows a cylinder containing 5.00 moles of an ideal gas and closed by a
movable piston. The cylinder is kept submerged in an ice-water mixture. A cycle of
3 steps is completed: (A) the piston is very quickly pushed down from position 1 to
position 2, and then (B) held at position 2 until the gas is again at the temperature of
the ice-water mixture, then (C) it is slowly raised back to position 1. Figure (b) is a
P -V diagram for the process. The volume of the cylinder with the piston in position
1 is 4 times the volume with the piston in position 2 (V1 = 4V2 in figure (b)).

(a) If 100 g of ice is melted during the cycle, how much work has been done on the
gas?

(b) What is the work done on the gas in step (A)? (Hint: Think about the other
steps.)

(c) What is the heat transferred to the gas in step (B)?
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80 Figure 18-55a shows a cylinder containing gas and closed by a
movable piston.The cylinder is kept submerged in an ice–water mix-
ture.The piston is quickly pushed down from position 1 to position 2
and then held at position 2 until the gas is again at the temperature of
the ice–water mixture; it then is slowly raised back to position 1.
Figure 18-55b is a p-V diagram for the process. If 100 g of ice is
melted during the cycle, how much work has been done on the gas?

86 A glass window pane is exactly 20 cm by 30 cm at 10°C. By
how much has its area increased when its temperature is 40°C, as-
suming that it can expand freely?

87 A recruit can join the semi-secret “300 F” club at the
Amundsen–Scott South Pole Station only when the outside tem-
perature is below !70°C. On such a day, the recruit first basks in a
hot sauna and then runs outside wearing only shoes. (This is, of
course, extremely dangerous, but the rite is effectively a protest
against the constant danger of the cold.)

Assume that upon stepping out of the sauna, the recruit’s skin
temperature is 102°F and the walls, ceiling, and floor of the sauna
room have a temperature of 30°C. Estimate the recruit’s surface area,
and take the skin emissivity to be 0.80. (a) What is the approximate
net rate Pnet at which the recruit loses energy via thermal radiation ex-
changes with the room? Next, assume that when outdoors, half the re-
cruit’s surface area exchanges thermal radiation with the sky at a tem-
perature of !25°C and the other half exchanges thermal radiation
with the snow and ground at a temperature of !80°C.What is the ap-
proximate net rate at which the recruit loses energy via thermal radia-
tion exchanges with (b) the sky and (c) the snow and ground?

88 A steel rod at 25.0°C is bolted at both ends and then cooled.
At what temperature will it rupture? Use Table 12-1.

89 An athlete needs to lose weight and decides to do it by “pump-
ing iron.” (a) How many times must an 80.0 kg weight be lifted a dis-
tance of 1.00 m in order to burn off 1.00 lb of fat, assuming that that
much fat is equivalent to 3500 Cal? (b) If the weight is lifted once
every 2.00 s, how long does the task take?

90 Soon after Earth was formed, heat released by the decay of ra-
dioactive elements raised the average internal temperature from 300
to 3000 K, at about which value it remains today. Assuming an aver-
age coefficient of volume expansion of 3.0 " 10!5 K!1, by how much
has the radius of Earth increased since the planet was formed?

91 It is possible to melt ice by rubbing one block of it against an-
other. How much work, in joules, would you have to do to get 1.00
g of ice to melt?

92 A rectangular plate of glass initially has the dimensions 0.200
m by 0.300 m. The coefficient of linear expansion for the glass is
9.00 " 10!6/K.What is the change in the plate’s area if its tempera-
ture is increased by 20.0 K?

93 Suppose that you intercept 5.0 " 10!3 of the energy radiated
by a hot sphere that has a radius of 0.020 m, an emissivity of 0.80,
and a surface temperature of 500 K. How much energy do you in-
tercept in 2.0 min?

94 A thermometer of mass 0.0550 kg and of specific heat 0.837
kJ/kg # K reads 15.0°C. It is then completely immersed in 0.300 kg
of water, and it comes to the same final temperature as the water. If
the thermometer then reads 44.4°C, what was the temperature of
the water before insertion of the
thermometer?

95 A sample of gas expands from
V1 $ 1.0 m3 and p1 $ 40 Pa to V2 $
4.0 m3 and p2 $ 10 Pa along path B
in the p-V diagram in Fig. 18-57. It is
then compressed back to V1 along ei-
ther path A or path C. Compute the
net work done by the gas for the
complete cycle along (a) path BA
and (b) path BC.
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81 A sample of gas under-
goes a transition from an initial
state a to a final state b by three
different paths (processes), as
shown in the p-V diagram in Fig.
18-56, where Vb $ 5.00Vi. The en-
ergy transferred to the gas as heat
in process 1 is 10piVi. In terms of
piVi, what are (a) the energy
transferred to the gas as heat in
process 2 and (b) the change in
internal energy that the gas un-
dergoes in process 3?

82 A copper rod, an aluminum rod, and a brass rod, each of 6.00
m length and 1.00 cm diameter, are placed end to end with the alu-
minum rod between the other two. The free end of the copper rod
is maintained at water’s boiling point, and the free end of the brass
rod is maintained at water’s freezing point.What is the steady-state
temperature of (a) the copper–aluminum junction and (b) the alu-
minum–brass junction?

83 The temperature of a Pyrex disk is changed from 10.0°C
to 60.0°C. Its initial radius is 8.00 cm; its initial thickness is 0.500
cm. Take these data as being exact. What is the change in the vol-
ume of the disk? (See Table 18-2.)

84 (a) Calculate the rate at which body heat is conducted through
the clothing of a skier in a steady-state process, given the following
data: the body surface area is 1.8 m2, and the clothing is 1.0 cm thick;
the skin surface temperature is 33°C and the outer surface of the
clothing is at 1.0°C; the thermal conductivity of the clothing is 0.040
W/m #K. (b) If, after a fall, the skier’s clothes became soaked with wa-
ter of thermal conductivity 0.60 W/m #K, by how much is the rate of
conduction multiplied?

85 A 2.50 kg lump of aluminum is heated to 92.0°C and
then dropped into 8.00 kg of water at 5.00°C. Assuming that the
lump–water system is thermally isolated, what is the system’s equi-
librium temperature?
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2. Consider two rods of metal with the same cross sectional area, and the same length.

(a) Suppose the two rods are welded end to end, as shown in figure a, with a temper-
ature of Tc on the right side and Th on the left side. Let the thermal conductivity
of the first rod be k1 and the second be k2, the length of the rods be L, and the
cross sectional areas be A. Derive an expression (don’t just write it down!) for
the total heat transfer rate (power transfer) between two surfaces at temperatures
Th and Tc, (Th > Tc) across the two rods in series.

(b) Suppose Tc = 0◦C and Th = 100◦C, and for this part of the question, suppose
k1 = k2. When the rods are in the configuration shown in figure a, 10 J is
conducted at a constant rate from the left side to the right side in 2.0 min. How
much time would be required to conduct 10 J if the rods were welded side to side
between the same reservoirs, as in figure b?

610 Chapter 20 The First Law of Thermodynamics

Therefore, the rate of energy transfer by conduction through the rod is

 P 5 kA aTh 2 Tc

L
b  (20.16)

 For a compound slab containing several materials of thicknesses L1, L2, . . . and 
thermal conductivities k1, k2, . . . , the rate of energy transfer through the slab at 
steady state is

 P 5
A 1Th 2 Tc 2
a

i
1Li /ki 2  (20.17)

where Th and Tc are the temperatures of the outer surfaces (which are held con-
stant) and the summation is over all slabs. Example 20.8 shows how Equation 20.17 
results from a consideration of two thicknesses of materials.

Q uick Quiz 20.5  You have two rods of the same length and diameter, but they are 
formed from different materials. The rods are used to connect two regions at 
different temperatures so that energy transfers through the rods by heat. They 
can be connected in series as in Figure 20.13a or in parallel as in Figure 20.13b. 
In which case is the rate of energy transfer by heat larger? (a) The rate is larger 
when the rods are in series. (b) The rate is larger when the rods are in parallel. 
(c) The rate is the same in both cases.

Example 20.8   Energy Transfer Through Two Slabs

Two slabs of thickness L1 and L2 and thermal conductivities k1 and k2 are in 
thermal contact with each other as shown in Figure 20.14. The temperatures of 
their outer surfaces are Tc and Th, respectively, and Th . Tc. Determine the tem-
perature at the interface and the rate of energy transfer by conduction through 
an area A of the slabs in the steady-state condition.

Conceptualize  Notice the phrase “in the steady-state condition.” We interpret 
this phrase to mean that energy transfers through the compound slab at the 
same rate at all points. Otherwise, energy would be building up or disappear-
ing at some point. Furthermore, the temperature varies with position in the two 
slabs, most likely at different rates in each part of the compound slab. When the 
system is in steady state, the interface is at some fixed temperature T.

Categorize  We categorize this example as a thermal conduction problem and 
impose the condition that the power is the same in both slabs of material.

S O L U T I O N
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Figure 20.14  (Example 20.8) Energy 
transfer by conduction through two 
slabs in thermal contact with each 
other. At steady state, the rate of energy 
transfer through slab 1 equals the rate 
of energy transfer through slab 2.

The opposite ends of the rod 
are in thermal contact with 
energy reservoirs at different 
temperatures.
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Figure 20.12  Conduction of energy through 
a uniform, insulated rod of length L.
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Figure 20.13  (Quick Quiz 20.5) 
In which case is the rate of energy 
transfer larger?

3. Newton’s law of cooling applies for heat transfer by thermal conductivity and not
(in general) for heat transfer by radiation. However, if the temperature difference
between an object and its surroundings is small compared to the temperatures involved,
Newton’s law of cooling does apply approximately. Let T be the temperature of the
hot object and T0 be the temperature of the surroundings. Let δ = T −T0 be a positive
number and δ � T0. Starting from Stefan’s law:

Pnet = σAe(T 4 − T 4
0 )

where Pnet is the rate of energy loss from the hot object and σ (the Stefan-Boltzmann
constant), A (the surface area of the hot object), and e (the emissivity) are constants,
show that to first order in δ the rate of energy loss Pnet = dQ

dt
obeys Newton’s law of

cooling:
dQ

dt
= k(T − T0)

where k is a constant, and find the value of k in terms of the other constants given in
this question.



4. Kinetic theory. An ideal gas is expanded isobarically. During this process, heat
is added to the gas. Some fraction of the heat added goes to increasing the internal
energy of the gas, and the rest goes to the work of expansion (in other words, it is
energy transferred from the gas to the environment as work). What fraction of heat
transferred to the gas in this process is spent to perform the work of expansion if

(a) the gas is monatomic?

(b) the gas is a diatomic gas at room temperature (only translational and rotational
degrees of freedom are excited)?

(c) the gas is a diatomic gas at high temperature, so that all degrees of freedom
(translational, rotational, and vibrational) of the molecules are excited?

(d) In which case is the largest fraction of the heat added going to the work?


