
PHY455
Spring, 2022
Exam #3





Name		_______________






Total		_______________


All answers should be given in eV or Å and related units where appropriate, and SI unless otherwise specified. All answers should be given numerically wherever possible unless otherwise stated.

Show your work.


Exam3S22
1.  Given that DL/L = aDT, with a the linear expansion coefficient, estimate a for solid argon from Figure 15. (Hint: use the ~linear part of the plot.) 10
















2.  The velocity of sound of lead is 1158 m/s. The mass of a lead atom is 207.2 amu. 20
a. Find the lead force constant.
b.  Find the Debye Frequency.




















3. For the 1D chain of atoms, mass M, force constant C, from the dispersion relation, find w:
a. at the zone boundary and b. the behavior at low k. 20
The dispersion relation is given by:
	
	w2 = (2C/M)(1 – cos(ka))























4.  Calculate the heat capacity of a solid using the Law of Dulong and Petit and compare to data in the high T limit for diamond (Fig. 11) 10













5.  Find the energy (in eV) and the momentum (in vector notation in kgm/s) for the phonon created by the middle neutron detected in Fig. 24.4a. Assume the initial neutron beam is incident on the sample in the +x-direction with a wavelength of 1.25 Å and that the neutrons depicted in the figure leave the sample in the +y-direction. 20






















6.  Derive an expression for the phonon density of states for the 2D lattice. 10
















7.  Find an expression for the phonon density of states for the 2D lattice in the 
a. Debye Model, b. Einstein Model. 20















8.  Assume that 

                  

Assume N atoms and crystal volume V. a. Find the phonon density of states for the 3D case and plot it. b. Find o in terms of V, N, and B. 20




















9.  Using a Debye Temperature of 92K for Ar, find the specific heat of Argon in the low T limit using the Debye Model at a temperature of ~2K. Compare to experimental data (Fig. 9). 20
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