Thermodynamics Exam 1 – 17 Feb 2006
Name ______________________________

Secret Identity/Code ________________________________
(so I can post scores anonymously)
Approximate number of hours/week spent on homework __________
(for survey purposes, if you don’t mind) 

Instructions: You may use one page of notes. Please label & circle your answers. Show your work, where appropriate! There are 100 total points.

Helpful Information:

R = 8.31 J/kgK

0ºC = 273K
(16 pts) Problem 1: Multiple choice conceptual questions. Circle the letter of the most correct answer. Box the letter of your second choice, for half credit if your circle is wrong.

1.1.  Do the Celsius and Fahrenheit temperature scales ever read the same?

a. No, never. 

b. Only at some pressures.

c. Only at some specific volumes.

d. Yes, at absolute zero.

e. Yes, at some other temperature.

1.2. Assuming the volume of an ideal gas is increasing from V1 to V2, in which type of process is there the greatest change in entropy?
a. adiabatic
b. isothermal
c. isobaric (constant pressure)
d. all three are equal
e. not enough information given
1.3.  What is S of an ideal gas for an irreversible change in which both endpoints which coincidentally lie on an isotherm?
a. 0

b. something smaller than nR ln(V2/V1), but not zero.

c. nR ln(V2/V1)

d. something larger than nR ln(V2/V1)

e. It cannot be determined from the information given.

Problem 1, cont.
1.4.  Consider a well-insulated room that is sealed so that no air and no heat can flow in or out. The room contains a refrigerator with an open door. If the refrigerator is switched on for an hour, how will the temperature in the room compare to the initial temperature?

a. The temperature will be cooler.

b. The temperature will be the same.

c. The temperature will be warmer.

d. The temperature will be unrelated to the initial temperature.
e. None of the above.

1.5.  Does a gas do any work when it expands adiabatically? If so, what is the source of the energy needed to do this work?

a. No; gases only do work when they expand isothermally.

b. No; there would be no area under the P-V curve in this case.

c. Yes; energy is obtained from the internal energy of the gas molecules.

d. Yes; energy is drawn in from the surroundings.

e. Yes; energy is converted from entropy.
1.6.  Under what circumstances do actual gases tend to obey the ideal gas law?

a. Never; the ideal gas law is an unrealistic approximation.

b. When the gas molecules are far apart from each other.

c. When the gas is about to condense.

d. When the gas is at a high pressure.

e. Always!

1.7. What is the Zeroeth Law of Thermodynamics?

a. There is no Zeroeth Law.

b. Absolute Zero is the temperature with the least entropy.

c. Energy in some form is always conserved.

d. 
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e. If TA = TB and TB = TC, then TA = TC.

1.8. If you clean your room, you have lowered the disorder in your house. Does this violate the 2nd Law of Thermodynamics, which says entropy must always increase?

a. No; the temperature of the room has decreased, thus reducing entropy.

b. No; entropy has decreased locally, but increased globally.

c. No; the efficiency of the house is still less than the Carnot efficiency.

d. No; entropy is unrelated to disorder.

e. Yes; the 2nd Law of Thermodynamics simply isn’t true for houses.

(12 pts) Problem 2. You have a 1.000 cm diameter steel ball which you desire to pass through a 0.998 cm inner diameter Al ring. Both are at 50( C. If you cool down the ball, how cold must it get before you can accomplish your task?
The linear thermal expansion coefficients are—

steel: 11 ( 10-6 /K

Al:    23 ( 10-6 /K
(15 pts) Problem 3. Describe the differences and/or similarities in pressure, density, rms speed, constant volume molar heat capacity (
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), and internal energy, in the two situations below. Be as quantitative as possible.
Situation 1: A 25L container filled with 1 mole of diatomic nitrogen gas molecules (N2) at 300K.

Situation 2: A 25L container filled with 1 mole of diatomic oxygen gas molecules (O2) at 300K.
(The molar mass of N atoms is 14 g/mol; for O atoms it is 16 g/mol.)
pressure
density

vrms

[image: image3.wmf]V

C


U
(15 pts)  Problem 4. I estimate that my Kia’s engine can produce about 100 hp (74.6 kW) when it operates at about 5400 rpm (90 cycles per second). Suppose the efficiency (e = Wnet/Qin) of the engine is about 50%.
(a) How much net work (in J) per cycle is done by the engine? 

(b) How much Qin (in J) per cycle is required to run the engine?

(c) If igniting gasoline produces about 47000 kJ of heat per kg, what is my rate of gasoline consumption (kg/s)?
(18 pts) Problem 5. You add 50 g of copper at 90( C  (363K) to 200 g of water at 25( C (298K). 

(a) What is the final temperature of the mixture, assuming that no heat is lost to the outside? (ccopper = 387 J/kgºC, cwater = 4186 J/kgºC)
(b) What is the change in entropy of the water? What is the change in entropy of the copper? (Hint: they both basically remain at a constant volume.)
(24 pts) Problem 6. An engine using 1 mole of a monatomic ideal gas is driven by this cycle: starting from state A (100 kPa, 0.02 m3), it is compressed adiabatically to state B (0.01 m3), and then lifts a piston in an isothermal expansion to state C (back to the original 0.02 m3), after which it is cooled down at constant volume back to state A. 


	
	P (kPa)
	V (m3)
	T (K)

	A
	100
	0.02
	

	B
	
	0.01
	

	C
	
	0.02
	



(a) Find the unknown P’s and T’s for all three states. (Hint: it’s probably easiest to find them in the order listed.)
state A temperature:
state B pressure:
state B temperature:
state C temperature (= state B temperature):
state C pressure:
Problem 6, cont.

(b) Find the heat added to, and work done by the gas from A to B, B to C, and C to A. (Hint: it’s probably easiest to find them in the order listed below.)
A-B
Q:

W:
B-C 
W:
Q:
C-A
W:

Q:
(c) What is the efficiency of an engine using this cycle? 
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