PHY 455 Exam I                                                       Name ________________________


Instructions:

· Place your name on all of the pages. 

· Do all of your work in this booklet. Do not tear off any sheets.

· Show all of your steps in the problems for full credit.

· Be clear and neat in your work. Any illegible work, or scribbling in the margins, will not be graded.

· Put a box around your answers when appropriate.. 

· If you need more space, you may use the back of a page and write On back of page # in the problem space or  in the extra space on the last page. No other scratch paper is allowed.

Try to answer as many problems as possible. Provide as much information as possible. Show sufficient work or rationale for full credit. Remember that some problems may require less work than brute force methods.

If you are stuck, or running out of time, indicate as completely as possible, the physics and steps you would take to tackle the problem. Also, indicate any relevant information that you would use. 

Pace yourself – do not spend more than 10 minutes per page on your first pass.
Pay attention to the point distribution. Not all problems have the same weight.

	Page
	Pts
	Score

	1
	20
	

	2
	17
	

	3
	18
	

	4
	15
	

	Bonus
	
	

	Total
	70
	


Constants. 
g = 9.80 m/s2, k = 1.38×10−23 J/K, R = 8.31 J/K-mol, 1 cal = 4.184 J.
Water – 
[image: image1.wmf]5

3.3410

f

L

=´

 J/kg-K, 
[image: image2.wmf]6

2.25710

v

L

=´

J/kg-K, Ice – c = 334 kJ/kg-K
1. (8 pts) Define or give statements of the following:
a. Zeroth Law of Thermodynamics.
b. Ideal gas temperature scale using a constant volume gas thermometer.
c. Kelvin-Planck Statement of the Second Law.
d. Carnot’s Principle.

2. (3 pts) Convert 77.0 oF to the following scales

a. Celsius

b. Kelvin

3. (3 pts) A bullet of mass 20.0 g traveling at a speed of 350.0 m/s is lodged into a block of wood. How many calories of heat are generated in this process?

4. (3 pts) How much energy is required to increase the temperature of 2.50 ml of an ideal monatomic gas from 15.0 oC to 650 oC? 

5. (3 pts) What is the maximum work that can be obtained from 1000.0 J of heat supplied to a steam engine operating between 120.0 oC and 25.0 oC?

6.  (17 pts) An monatomic ideal gas is contained in a cylinder with a vertically moveable piston. The pressure can be controlled by adding and removing weights on a piston. The cylinder can be placed in contact with a thermal reservoir of adjustable temperature. The gas is expanded quasistatically from an initial state with volume V0, temperature T0, and pressure P0, to each of three different final states A, B, and C with volume 4V0 under a) isobaric, b) isothermal and c) adiabatic conditions. 

a. Draw and label each process in the PV-diagram. 
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b. In each case, find the ratio of final to initial pressure.

i. Isobaric

ii. Isothermal

iii. Adiabatic

c. Determine (a) the work done on the gas and (b) the heat added to the gas for the first two cases in terms of the initial pressure and volume.

i. Isobaric

ii. Isothermal

7. (6 pts) Consider the equation of state and internal energy for a monatomic van der Waals gas: 
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a. Find an expression for the work done in an isothermal expansion of N moles of this gas from an initial volume Vi to a final volume Vf. 

b. Starting with the first law of thermodynamics, derive an expression for the heat capacity at constant volume.
8. (3 pts) Measurements of the heat capacity,
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, of one mole aluminum at low temperatures (below 30 K) can be fit to the formula: 
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Find the change in entropy for heating two moles of aluminum from Ti to Tf.

9. (6 pts) A block of material with constant heat capacity C = 500.0 J/K is initially at 600.0 K. It is placed in a lake at temperature 300.0 K and allowed to reach thermal equilibrium. Find the change in entropy of the block, the lake, and the total system. 

10. (3 pts) How many grams of ice at 0.0 oC are needed to cool 250 grams of soup at 
90.0 oC to 60.0 oC? [Take the specific heat of the soup to be 750 J/kg-K.]

11. (9 pts) Suppose an air bubble with an initial volume of 10.0 cm3 and temperature of 20.0 oC rises from the bottom of a 5.0 m deep lake. Assume that the water temperature is a uniform 20.0 oC; the pressure at the surface is P0 = 1.013×105 Pa; and the density of the lake water is 1.00×103 kg/m3. 
a. What is the pressure at the bottom of the lake?

b. How many air molecules are in the air bubble?

c. Suppose the bubble rises fast enough such its expansion is adiabatic with 
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 What is the volume of the air bubble when it reaches the surface?
12. (6 pts) The Gibbs free energy is defined as G = E + PV – TS. 

a. G is a function of P, T, and N. Derive an expression for dG in terms of dP, dT, and dN.
b. From the result in part (a), show 
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c. Use part (b) to obtain the relation between specific partial derivatives of the entropy and volume, obtaining one of the Maxwell relations. 

Bonus: The Stirling Cycle
	The Stirling cycle operates on 0.10 moles of a monatomic ideal gas between two isotherms. For the full cycle shown, what is the net work done, heat exchanged, and change in internal energy starting from state A and returning after one cycle?
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