
Homework 4

Problem 4.1: Checking for reasonableness For each of the following equations, check whether it
could possibly make sense. You will need to check both dimensions and whether the quantities involved are
intensive or extensive. For each equation, explain your reasoning.

You may assume that quantities with subscripts such as V0 have the same dimensions and intensive-
ness/extensiveness as they would have without the subscripts.

a)

p =
N2kBT

V

b)

p =
NkBT

V

c)

U =
3

2
kBT

d)

U = −NkBT ln
V

V0

e)

S = −kB ln
V

V0

f)

S = −kB ln
V

N

Problem 4.2: Extensive internal energy Consider a system which has an internal energy defined by:

U = γV αSβ (1)

where α, β and γ are constants. The internal energy is an extensive quantity. What constraint does this
place on the values α and β may have?

Problem 4.3: Adiabatic compression. 1 A diesel engine requires no spark plug. Rather, the air in the
cylinder is compressed so highly that the fuel ignites spontaneously when sprayed into the cylinder.

a) If the air is initially at room temperature (taken as 20oC) and is then compressed adiabatically by
a factor of 15, what final temperature is attained (before fuel injection)? For air, the ratio of heat

capacities is γ =
Cp

CV
= CV +NkB

CV
= 1.4 in the relevant range of temperatures.

b) By what factor does the pressure increase?

In this problem, you may treat air as an ideal gas, which satisfies the equation pV = NkBT . You may also
use the property of an ideal gas that the internal energy depends only on the temperature T , i.e. the internal
energy does not change for an isothermal process.

Problem 4.4: A bottle in a bottle The internal energy of helium gas at temperature T is to a very
good approximation given by

U =
3

2
NkBT (2)

Consider a very irreversible process in which a small bottle of helium is placed inside a large bottle, which
otherwise contains vacuum. The inner bottle contains a slow leak, so that the helium leaks into the outer
bottle. The inner bottle contains one tenth the volume of the outer bottle, which is insulated. What is the
change in temperature when this process is complete? How much of the helium will remain in the small
bottle?

1From Bairlein 1.4

Physics 423 1 Spring 2014



Second Law Lab

Materials: styrofoam cup, scale, thermometer, ice and water

The setup You will put around 200g of water in your cup, massing it with the scale as you add it. You
will be given a goal for the initial temperature for the water used by your group, which will be somewhere
between room temperature and boiling. Measure the temperature of the water after it has been in the cup
long enough to equilibrate with the cup. Then add around 100g of 0◦ ice to the cup and record its mass.
Cover the cup and wait for the ice to melt. While you wait, work in your groups on the following questions
using your big white boards.

The specific heat of liquid water is cp = 4.18 J/g/K and is roughly constant over the temperature range
we will be using, and that the enthalpy of fusion (a.k.a. latent heat) of ice is 334 J/g.

Group analysis

Problem 4.5: Mass of ice remaining (optional) Work out the mass of ice (if any) that will remain
after the cup has reached thermal equilibrium.

Problem 4.6: Final temperature of water (optional) Work out the final temperature of the water/ice
mixture.

Problem 4.7: Change in entropy of water (required!) Work out the change in entropy of the water
that happened as it cooled down.
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Problem 4.8: Change in entropy of ice (required!) Work out the change in entropy of the ice as it
melted and (possibly) warmed up.

Problem 4.9: Net change (required!) What is the net change of entropy for this entire adiabatic
process?

Compare with experiment (optional) Look inside your cup once you’ve done all the above work.

Problem 4.10: Mass of ice remaining (optional) Is there any ice left? If so, carefully fish it out and
measure the mass of the remainder to find out how much ice was left.

Problem 4.11: Final temperature (optional) Measure the final temperature of the water in the cup.

Problem 4.12: Errors? (optional) Comment on the magnitude and sources of errors in your experiment
and/or prediction. What could you do to reduce or estimate these errors?
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