Thermodynamics problems: SOLUTIONS

Easy: Probability

Suppose you shuffle a standard deck of 52 cards and draw the top five cards from the deck.
Then you repeat the procedure. Eventually, there is a chance that drawing the top five
cards will yield the sequence ace through ten of spades in that order, as shown in the
figure. Assuming that shuffling the deck thoroughly takes you about a minute, how long do
you expect it to take, on average, before you will find this particular sequence of cards as
the first five cards in the deck?
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Easy: Adiabatic process

An ideal monoatomic gas is compressed (no heat being added or removed in the process)
so that its volume is halved. What is the ratio of the new pressure to the original pressure?
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Easy: Heat engine/efficiency

What is the efficiency of the most efficient cyclic heat engine operating between heat
reservoirs at temperature T; and T, where Ty > T,?
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Difficult: Entropy

Consider the following ideal gas expansion cases:
a) (5 points) Calculate the change in entropy when one mole of an ideal gas is allowed
to expand freely into double its original volume.
b) (15 points) What is the entropy change when one mole of each of two distinct
noninteracting ideal gasses are allowed to mix, starting with equal volumes and
temperatures?

c) (5 points) What entropy change is there when the valve connecting two equal-
volume and -temperature bulbs of the same gas is opened?
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Difficult: Kinetic theory of gases

A thin-walled vessel of volume Vs filled with a gas of molecular mass m and is kept at
constant temperature T. The gas slowly leaks out of the vessel through a hole of area A into
surrounding vacuum. Find the time required for the pressure in the vessel to drop to 1/e of
its original value. Hint: the average speed of molecules at given temperature is given by:
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Difficult: Heat engine/work

Two identical bodies of constant heat capacity C, are used as reservoirs for a heat engine.

Their initial temperatures are T; and T, respectively. Assuming tht the bodies remain at
constant pressure and undergo no change of phase, derive the expression for the maximum

work obtainable rom the system.
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THEMM DIYNAMICS

N \/!L<\/ /e,ﬁ/>f<

4mJC,

( A,L/

Ch\

AT = T (Vi - Vel

AP n Lm
- @) (4xi0” )y 273 K
”33)“0
Hodw | — 10
'fCle Ay i WJL
| |
d?P
L Ta® D) = T lah T 4 (Toa=Twe ) d T

dP

c. .

D Ta (M = ~233K 4 AT (estand)

T () 4 Lhnsou] e P




Using the differential form of the first law of thermodynamics, show that though U is a

state function, the exchanged heat Q is not a state function.
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An electron is moving freely in a one dimensional infinite potential box withg walls at

x =0and x = a. The electron is initially in the ground state (n = 1) of the box when the box
suddenly quadruples in size (it’s right side instantly moving from x =a to x = 4a. Calculate the
probability of finding the electron in

(a) the ground state of the new box. 4
(b) The first excited state of the new box. } ﬁOf‘
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56 1. ORIGINS OF QUANTUM PHYSICS

To obtain 41 we have only to subtract (1.163) from (1.162):

he | he
Ve, — Vo, = l—=) = : 1.1
" " eil ( 2) 2eiq o

The wavelength is thus given by

he 6.6 x 1077%Js x 3 x 108m s~!
A{ad =26x%x10%m. 1.165
; 2e(Vs, — Vs,) 2%1.6x%10-19C x 3.2V -0.8V) + e ( )

(b) to obtain the work function, we simply need to multiply (1. 163) by 2 and subtract the
result from (1.162), ¥, — 2V, = W /e, which leads to

W=e(Vsy —2V;,) =24eV=24x16x10"12 =384 x 10-197 (1.166)

The cutoff frequency is

W 3.84x10719) 4
b 66 0T =R 10M (1.167)
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ts are negligible for macroscopic systems.

beyond human detection. So quantum effec

Problem 1.3
metallic surface, the stopping potential for

When light of a given wavelength is incident on a
the photoelectrons is 3 1 V. If a second light source whose wavelength is double that of the first

is used, the stopping potential drops to 0.8 V. From this data, calculate

(a) the wavelength of the first radiation
(b) the work function and the cutoff frequency of the metal

Solution
(a) Using (1.22) and since the wavelength of the second radiation 18 double that of the first
one, A, = 241, we can write
h /4
Vo o = (1.162)
el e
h /4 h /4
: . . (1.163)
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