Chapter 2 Concept Tests

1.1  How many ways are there to arrange the cards in 52-cards?
A) 52!
B) 5252
C) 252
D) Some other number
1.2 You flip a coin 10 times.  How many sequences (like HHTTHTHTTH)  or microstates are possible?

  A) 10!
B) 102
C) 210
D) Some other number

1.3 How many 5-card hands are possible from a 52-card deck? (Order of cards in a hand not important.)

A) 52(51(50(49(48

B) 525
C) 
[image: image36.bmp]
D) some other answer

1.4 How many 5-card ordered hands are possible?

A) 52(51(50(49(48

B) 525
C) 
[image: image2.wmf]5251504948

5432

´´´´

´´´


1.5 You flip a coin 10 times.  What is the probability that you will get 2 heads and 8 tails (in any order)?
Test your clicker now and tell me you are here now.  

Press the (A) button.

A) press this button
B) don’t press this one 
C) no!

D) nope
E) NOT

1.6  Two Einstein solids, A and B, are in thermal contact.  

NA​  = NB = 10.
qtot = qA + qB = 20.  

How many macrostates are there?
A) 10
B) 20 
C) 2020  
D)
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1.7.Simplify  exp[N ln(a) – ln(b)]

A) Cannot be simplified.

B) aN/b

C) aN b
D) N+a+b 

E) aN – b
1.8 How did you get to class today?

A) walked

B) biked
C) drove in a car

D) bus

E) other

1.9    q>>N,   
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A) N

B)
ln[q + (N/q)]
C) 
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1.10   <<1,   
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A) lnN

B)ln(N+

C) -N
1.11  Two large Einstein solids, A and B, in thermal equilibrium.  

Total nbr of energy units q = qA + qB  

Total nbr of oscillators = N = NA + NB  


[image: image7.wmf](

)

tot,maxAABA

AAtot

q(qq),    

qvalue of qwhich maximizes 

W=WW-

=W

%%

%



[image: image8.wmf](

)

a

grandAABA

q

qN

q(qq)

q

æö

+-

÷

ç

W=WW-=÷

ç

÷

ç

÷

ç

èø

å

1


The entropy S = k lnof the total system (A+B) uses which , in thermal equilibrium?
A) S = k lngrand

B) S = k lntot,max  
C) It doesn’t matter.

1.12  Quantum Mechanical ideal gas consisting of N particles in a box (infinite square well) of edge length L.  The system is thermally isolated, so no heat allowed in or out.  I slowly increased the box size L.  What happens to the total energy U of the system?

A) U increases
B) U decreases
C) U remains constant

1.13.  Microstates of a 3D particle in a box.  How many microstates are there in a 5(4(3 volume of phase space?  


[image: image9]
A) Impossible to tell without more information
B) 5(4(3=60  

C) Some integer (>1) multiple of 60

D) 512
E) 5(4+3) = 57
Moral:  
The number of microstates enclosed by a volume in n-space =
 the volume in n-space
Free expansion of a gas.  A gas in confined to the left half of a thermally-isolated container.  Suddenly, the partition breaks and the gas fills the whole container.

[image: image10]
The internal energy U of the gas

A) increase
B) decreases
C) remains constant

Quasi-static, isothermal expansion.  A gas is allowed to slowly expand at constant temperature.

 
[image: image11]
The internal energy U of the gas

A) increase
B) decreases
C) remains constant 

Quasi-static, adiabatic expansion.  A gas is allowed to slowly expand adiabatically.

 
[image: image12]
The internal energy U of the gas

A) increase
B) decreases
C) remains constant 

1.17 Two different gases (A and B), initially in separate containers, but at the same temperature and pressure, are allowed to mix.  When the valve between the original containers is opened, each gas undergoes…

[image: image13]
A) free expansion
B) quasistatic, adiabatic expansion


C) quasi-static, isothermal expansion

1.18 The energy level diagram for a QM ideal gas is shown before and after a change (highly idealized diagram, imagine lots more levels and lots more particles).

[image: image14]
The process was a 
A) free expansion
B) a quasistatic, adiabatic expansion

C) a quasi-static isothermal expansion
Chapter 3.

[image: image15]
3-1 Process 2 is best described as

A) free expansion
B) heat added to system


C) work done on system


D) none of these descriptions is appropriate

3-2 In which process(es) does the entropy of the system increase?

A) 1 only
B) 2 only
C) both 1 and 2

D) neither 1 nor 2

 
[image: image16]
3.3 Consider 3 processes:

I. 
slow, adiabatic expansion
(Q = 0)


II. 
slow, isothermal expansion
(T = constant)
III. 
free expansion


(Q = W = 0)
The process shown could be

A) I only

B) II only

C) III only


D) II or III

E) I, II, or III

3-3 Consider the following graph of entropy S vs. energy U for a particular system.  How does the temperature at point 1 compare to the temperature at point 2?

[image: image17]
A) T1 = T2 

B) T1 > T2 

C) T1 < T2 


3-4  According to the following graph of entropy vs. energy, the temperature of the system, in the limit U ( 0, is approaching

[image: image18]
A) Zero
 B) a non-zero, finite constant
C) infinity

D) a negative value(!)

3-5 A small amount of heat flows from a system A at higher temperature to a system B at lower temperature.


[image: image19]
Which is larger in magnitude, |(SA| or |(SB| ?

A) |(SA|

B)|(SA|

C) |(SA|

3.6   What happened to Stot = SA  + SB as a result of the heat transfer?

A) Stot increased

B) Stot decreased



C) Stot remained constant

3.7 An ideal gas (system A)  is in thermal contact with a heat bath (system B), which maintains constant temperature.  The gas slowly expands, isothermally.
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[image: image20]
What happens to Stot = SA  + SB during this process?

A) Stot increases

B) Stot decreases


C) Stot remains constant

3.8. A gas container is divided into two sections (A and B) with a movable partition.


[image: image21]
For this particular system, 
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.  The system will evolve so that side _____ increases its volume. (Fill in the blank.)

A) side  A

B) side B

C) impossible to tell

3.9 The thermodynamic identity is  dU = T dS – p dV, which implies that U = U(S,V)  (N is assumed fixed.)

What is the relationship between pressure p and energy U?

A) 
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B) 
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C) Neither of these is correct.

3.10 

[image: image25]
Consider two points in the S,V plane (N fixed) very close to each other. Is U = Ufinal - Uinitial  the same for all three paths?
A) Yes, U is path-independent

B) No, U depends on the path.

3.11. A ball rolls back and forth in a valley.  Eventually, the ball slows and stops.  We never observe the reverse: A ball at rest at the bottom of a valley is never seen to start rolling back and forth (unless some force from outside the system acts) 


[image: image26]
Consider 

I: conservation of energy(1st Law)

II: conservation of momentum

III: 2nd Law: Entropy of an isolated system always increases

The reverse process is never observed because this would violate

A) the 2nd Law only

B) I, II, and III

C) I and III only

D) I and II only

E) II and III only

3.12


[image: image27]
Two systems, A and B, are in thermal contact.  The systems have S vs. U curves shown and initially have the same energy UA,init = UB,init.   Which system will gain energy as (A+B) evolves toward thermal equilibrium.

A) Neither, they are already in thermal equilibrium

B) System A will gain


C) System B will gain

3.13 The thermodynamic identity:   dU = T dS – p dV +  dN

At constant energy and volume, what is the relation between chemical potential and entropy?
A) 
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B) 
[image: image29.wmf]U,S

V

p

N

¶

m=

¶


C) something else
3.14
The two halves of a sealed container are separated by a fixed semi-permeable membrane.  There are two species of molecules in the container, C (cubes) and D(disks). The membrane is permeable to the disks only.  Each half of this system has two different chemical potentials, one for disks and one for cubes: D and C. 

[image: image30]
Given the constraints imposed, does this system appear to be in equilibrium?   (Hint: How do the C’s on the right and left compare? What about the D’s?) 
A) Yes, it looks close to equilibrium


B) No, it is obviously way out of equilibrium, so the system will look different a short time later.

3.15. An Einstein solid has multiplicity 
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 and energy U = q 
(N=30,q=40) = 2.37 ( 1019
(31,40) = 5.54 ( 1019
(31,39) = 3.16 ( 1019
(31,38) = 1.79 ( 1019
(31,37) = 1.00 ( 1019
What is 
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 at N = 30, q = 40?

The value is 

A) greater than +
between 0 and 

C) between  and 
D)less than -2
3.16 Two paramagnets (labeled A and B) are brought into thermal contact.  Before contact, paramagnet A is at a very high (positive) temperature and B has a negative temperature.  After the two reach equilibrium, the entropy of B has ..
A) increased
B) decreased


C) might have increased, decreased, or remained constant depending on the initial temperature of A
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