PHY 455 Exam III                                                    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
	16
	

	3
	19
	

	4
	15
	

	Bonus
	
	

	Total
	70
	


Bonus: Recall the number of single particle microstates in 3D with wavenumber less than or equal to k is 
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 What are the number of photon microstates, 
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, in which a photon has energy in the range 
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Constants: 
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1. (10 pts) Define the following:
a. Equipartition Theorem.
b. Fermi-Dirac distribution.
c. Dulong-Petit Law
d. Paramagnetic material.

e. Semiclassical limit.

2. (5 pts) Name the following as specifically as possible:

a. 
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b. 
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c. 
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d. 
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e. 
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3. (5 pts) Draw all of the microstates of the 
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Ising chain. What is the partition function, 
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4. (10 pts) Suppose that the distribution function for molecular speeds is
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a. Determine the constant A so that 
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 is a probability density.
b. What is the most probable speed? [Hint: Sketch 
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c. What is the average speed?

d. What is the rms-speed?

5. (6 pts) A gas consists of a mixture if neon (20.18 u) and argon (39.95 u) gas. 
a. If the rms-speed of the argon molecules is 450 m/s, then what is that of the neon atoms?
b. What is the temperature of the argon gas?

6. (6 pts ) Consider an ideal Sun and Earth as blackbodies in empty space. Assuming the surface temperature of the Earth is uniform and that the sun is at 6000 K. [Assume 
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kg, and the Earth-Sun distance is 
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a. What is the peak wavelength of the Sun’s spectrum?

b. How much energy per unit area per second is seen on the Earth from the sun? [ Hint find the total power radiated and then the fraction that the Earth sees.]
7. (13 pts) An ideal gas of N spinless atoms occupies a volume of V at temperature T. Each atom has only two energy levels,
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. Determine the following :
a.  The N-particle partition function, 
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;
b. The Helmholtz free energy;
c. The average energy; 
d. The entropy (See Problem 8).

e. Find the low (
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8. (6 pts) A simple harmonic oscillator has energies 
[image: image29.wmf]1

,

2

n

En

w

æö

=+

ç÷

èø

h

 
[image: image30.wmf]0,1,2,...

n

=

 
Let the oscillator be in thermal contact with a heat reservoir at temperature T. 
a. Find the partition function and sum the infinite series to show that 
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b. Determine the average energy.

9. (6 pts) The Helmholtz free energy is defined as 
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Using the differential form of the First Law of Thermodynamics, 

a. Write dF in terms of dV and dT.

b. This suggests that the entropy can be written as what partial derivative of the free energy?

10. (3 pts) Let the kinetic energy of a one particle system, satisfying the Maxwell speed distribution, be of the form 
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Without doing any integrals, state the average kinetic energy of this system.
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