PHYS-4420 THERMODYNAMICS & STATISTICAL MECHANICS           SPRING 2006
Preview Quiz 1                                                                  Friday, February 24, 2006
NAME: __________ANSWERS___________________

To receive credit for a problem, you must show your work, or explain how you arrived at your answer.
1. (20%) The Helmholtz Free Energy is defined as F = U – TS, where U is internal energy, T is temperature, and S is entropy. For a system where dW = PdV, show that 
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dF = dU – TdS – SdT,  but the First Law states, dU = TdS – PdV. Then dF becomes,

dF = TdS – PdV  – TdS – SdT = – SdT – PdV
Also, F is a function of T and V,  so   
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A term by term comparison of the two equations for dF shows that 
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2.   (20%) The equation of state of one mole of a hypothetical substance is:
v – aT2 + bP = constant
where a and b are constants.
a)   Find an expression for the entropy change of one mole of this substance when the pressure is increased isothermally from P1 to P2. Express your answer in terms of P1, P2, a, b, and T. 
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For this problem dT = 0, and from the equation of state, 
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b)   Determine whether or not cP is a function of pressure for this substance.

(Hint: Start with a Tds equation in both parts a) and b).)
The ds equation can be written, 
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.   This says, 
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cP is a function of pressure.
 (03-2) 3.   (40%) One mole of an ideal monatomic gas traverses the idealized Diesel cycle shown in the figure. Process 12 is adiabatic, and process 23 takes place at constant pressure. Process 34 is also adiabatic, and  process 41 takes place at constant volume. (Hint: for one mole of an ideal monatomic gas, the internal energy is 
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The temperatures of the gas at points 1, 2, 3, and 4 are:

T1 = 300 K,
T2 = 1600 K,

T3 = 1800 K,

T4 = 365 K

a)   (10%) Find V1/V2, the ratio of the volume of the gas at point 1 to the volume at point 2. (This is the compression ratio for the Diesel cycle.)

For an adiabatic process, 
[image: image19.wmf]1

2

2

1

1

1

-

-

=

g

g

V

T

V

T

, so 
[image: image20.wmf]1

2

1

2

1

T

T

V

V

=

÷

÷

ø

ö

ç

ç

è

æ

-

g

, and 
[image: image21.wmf]5

.

1

1

3

/

5

1

1

1

1

2

2

1

33

.

5

K

 

300

K

 

1600

=

÷

ø

ö

ç

è

æ

=

÷

÷

ø

ö

ç

ç

è

æ

=

-

-

g

T

T

V

V


V1/V2 = ___12.3_____

b)   (10%) Find the magnitude of the heat added to the gas in the process 23. Express the answer in terms of the gas constant R.

Q2 = Cp(T3 – T2) = 
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Q2 = _(500 K)R____

c)   (5%) Find the magnitude of the work done by the gas in the process 23. Express the answer in terms of the gas constant R.

 W23 = Q2 – U = (500 K)R – 
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W23 = __(200 K)R___

d)   (5%) Find the magnitude of the heat removed from gas in the process 41. Express the answer in terms of the gas constant R.
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Q1 = __(97.5 K)R___

e)   (5%) How much work is done by the gas in one complete cycle? Express the answer in terms of the gas constant R.

W = Q2 – Q1 = (500 K)R – (97.5 K)R
W = __(402.5 K)R___

Or, W = W12  + W23  + W34  + W41.  We know  W23  = (200 K)R and W41  = 0.

For  W12  and W34  , use  W = Q – U. Both are adiabatic, so Q = 0, and W = – U.

Then,  
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Finally, W = – (1950 K)R​ + (200 K)R + (2152.5 K)R = (402.5 K)R
f)   (5%) Find the efficiency of a heat engine operating with this cycle.
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 = _0.805 = 80.5%__

4.    (20%) In winter, around Troy, a layer of ice usually forms on the surface of a pond or lake, but the water remains liquid below this layer. One possible explanation for this phenomenon is based on the variation of pressure with depth in the water. Deeper in the water, the pressure is greater, so the freezing point is lower. Do you think that this is the entire explanation? Support your answer by calculating the thickness of the ice layer that would form on a lake at a uniform temperature of – 1.0ºC, if this explanation is correct.

 Useful information:

[image: image28.wmf]v

¢

= 1.09 ×10-3 m3/kg

[image: image29.wmf]v

¢

¢

= 1.00 ×10-3 m3/kg


[image: image30.wmf]12

l

=3.34 ×105 J/kg


[image: image31.wmf])

(

12

v

v

T

T

P

¢

-

¢

¢

=

D

D

l

,  so  
[image: image32.wmf]T

v

v

T

P

D

¢

-

¢

¢

=

D

)

(

12

l

.  P due to a layer of water of depth y is gy.


[image: image33.wmf]T

v

v

T

gy

D

¢

-

¢

¢

=

)

(

12

l

r

,  so  
[image: image34.wmf]g

T

v

v

T

g

T

v

v

v

T

g

T

v

v

T

y

D

÷

ø

ö

ç

è

æ

-

¢

¢

¢

=

D

¢

¢

-

¢

¢

=

D

¢

-

¢

¢

=

1

)

(

)

(

12

12

12

l

l

l

r



[image: image35.wmf]2

3

3

3

3

5

m/s

 

8

.

9

K)

 

0

.

1

(

1

/kg

m

 

10

09

.

1

/kg

m

 

10

00

.

1

K)

 

273

(

J/kg)

 

10

34

.

3

(

-

÷

÷

ø

ö

ç

ç

è

æ

-

´

´

´

=

-

-

y

                               y = 1510 m 
Too thick! Not the whole story. 
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