Chapter 7
CT-1

A system S is in thermal contact with a heat bath at temperature T.  The system can exchange energy only with the bath. Consider two quantum states of the system:

state 1 with low energy E1
state 2 with high energy E2
The ratio of the probabilities 
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 is ...

A) always greater than 1

B) always less than 1

C) greater, less than, or equal to one, depending on the temperature.
Answer: always greater than 1.  The Boltzmann relation says that a particular state of lower energy is always more probable than a particular state of higher energy.  This does NOT, does NOT mean that lower energies are always more probable than higher energies.  Do not confuse probability of a state with probability of an energy.

[image: image2]
CT-2

If the temperature T is increased, the probability P(i) that the system is in a particular quantum state i (say, i = 6) will

A) decrease

B) increase

C) remain constant

D) not enough info to answer question
Answer: not enough info to answer the question.  Whether P(i) increases or decreases with increasing temperature depends on the value of the energy Ei and the starting temperature.

CT-3
An ideal gas is in a container divided into two halves.  Initially, the two samples of gas are identical.  Some more particles are added to the sample on the left, keeping the temperature constant.  The chemical potential on the left is 

A) increases

B)decreases

C) stays the same as 
the chemical potential on the right


[image: image3]
Answer: increases  Recall that particles always diffuse from higher chem.pot. to lower chem.pot.
CT-4

An atom (say an H-atom) is sitting in a gas of electrons with temperature T and chemical potential The atom can either be in its ground state (occupied) or be ionized (empty).  [We pretend that excited states can be ignored.]  
If the chemical potential is kept constant, and the temperature is raised, the probability that the atom is found in its ionized state

A) increases
B) decreases
c) remains constant
Answer: increases
CT-5An atom (say an H-atom) is sitting in a gas of electrons with temperature T and chemical potential The atom can either be in its ground state or be ionized (occupied or empty).  [We pretend that excited states can be ignored.]  

If the chemical potential is lowered (made more negative), while the temperature is maintained at a very low value (kT<<I), the probability that the atom is found in its ionized state

A) increases
B) decreases
c) remains constant
Answer: increases
CT-6 For a single particle in a box, the partition function is 
[image: image4.wmf]xyz

xyz

(nnn)/kT

n,n,n

Ze

-e++

=

å

222

1


This is the same as

A) 
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B) 
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C) Neither of these

Answer: A  When the energy is a sum, the partition function is a product
CT-7

Suppose you have a “box” in which each particle can occupy any one of 4 single particle states, and each state has energy zero.


[image: image7]
I. If the box contains one particle, what is the value of the partition function?

A) 1

B) 4

C)42

D)Not enough info to answer question
Answer: 4
II. What is the partition function, if the box contains two distinguishable particles?

A) 4

B) 42 = 16

C) 16 – 4 = 12

D) none of these
Answer: 16
III. What is the partition function, if the box contains two identical fermions?

A) 4x3=12

B) 42 = 16

C) (4X3)/2 = 6

D) none of these
Answer: 6
IV. What is the partition function, if the box contains two identical bosons?

A) 4x4=16

B) 16 – 4=12
C) 16/2 = 8


D) 4+ (4x3)/2=10
Answer: 10
V. If the box contains N=2 particles, what is the partition function, according to the formula 
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A) 4x4=16

B) 16 – 4=12
C) 16/2 = 8
   D) 4+ (4x3)/2=10
Answer: 8
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