HOMEWORK ASSIGNMENT #5, PHYSICS 4309-5304, FALL, 2011

Deadline: 5 PM, Friday, November 11, 2011
Unless otherwise stated, all references to problem numbers refer to the 8th Edition of Kittel’s book!  Work the following Problems from
Chapter 5: Phonons II. Thermal Properties
1. Problem 1.
2. Problem 2.

3. Problem 3.

4. Problem 4.

Work the following problems  (from Ch. 3 of “Elementary Solid State Physics” by M.A. Omar, 1st Edition. Addison-Wesley, W.B, Saunders Co., Reading, MA, 1975). 
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Problem 3.6 (Omar’s book) Note: Omar’s Figure 3.13 referred to in the problem is shown below! Also, note the table of Debye temperatures on the next page! 
[image: image2.jpg]Fig. 3.13 Specific heats versus reduced temperature for four substances. Numbers refer
to Debye temperatures. Note the high Debye temperature for diamond.




[image: image3.jpg]Table 3.1
Debye Temperatures

Element Ops °K Compound 6p, °K.
Li 335 NaCl 280
Na 156 KCl 230
K 911 CaF, 470
Cu 343 Lif 680
Ag 226 Si0, (quartz) 255
Au 162

Al 428

Ga 325

Pb 102

Ge 378

Si 647

{ orf 1860




[image: image4.png]3. It is more convenient in practice to measure the specific heat at constant pressure,
C, than the specific heat at constant volume, C,, but the latter is more amenable to
theoretical analysis.

) Using a thermodynamic argument, show that the two specific heats are related
by

C, = C, =’ TVIK,

‘where & is the volume coefficient of thermal expansion and K the compressibility.

b) Show that C, — C, = R for an ideal gas.

©) Show that C, = C, for a solid at room temperature. (Look up the needed param-
eters in appropriate reference works, ¢.g, the Handbook of Chemistry and
Physics.)




6. Problem 3.3 (Omar’s book): NOTE: This problem requires that you know (or look up!) something about the classical thermodynamics relationships called the Maxwell Relations. These are relationships between the partial derivatives of various thermodynamic “state functions” that can be obtained from the 1st Law of Thermodynamics. A discussion of this is found (among many other places!) in Ch. 5 of the Statistical Mechanics & Thermodynamics book “Fundamentals of Statistical and Thermal Physics” by F. Reif (Waveland Press). 

[image: image5.png]6. @) If the classical theory of specific heat were valid, what would be the thermal
energy of one mole of Cu at the temperature T = 6,2 The Debye temperature
for Cu is 340°K.

b) Calculate the actual thermal energy according to the Debye theory (use Fig,
3.13), and compare with the classical value obtained above. (For the purpose of
this calculation, you may approximate the Debye curve by a straight line joining
the origin to the point on the Debye curve at T = 0p.)

©) What is the order of magnitude of the maximum displacement of a Cu atom at
the Debye temperature? Compare this displacement with the interatomic distance.





