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ECE4070: Homework 8 Solutions 
 
Problem 8.1  
 
a)  
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b) For propagation in the x̂  direction xqq ˆ


 and q
M

a
LATA

   and the eigenvectors are: 
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For propagation in the   2ˆˆ yx   direction,   2ˆˆ yxqq 


. If you calculate the frequencies, one 
will come out to be zero for all magnitudes of the wavevector. This is an indication of the fact there is no 

TA mode that propagates in the   2ˆˆ yx   direction. The LA mode frequency in the   2ˆˆ yx   

direction is, q
M

a
LA

 2
  and the eigenmode is 
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Problem 8.2: (Time-dependent effective mass equation) 
 
a) The answer is, 
 
 
 
The solution can be checked by direct substitution is the effective mass equation, 
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b) Upon substitution in the effective mass equation, the assumed solution gives, 
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Therefore, the energy of the solution is time dependent and changes with time as the wavevector (or the 
crystal momentum) changes.  
 
 
Problem 8.3: (Effective mass equation and probability current) 
 
a) Note that irrespective of the details of the energy band dispersion relation, a plane wave is always an 

eigenfunction of the   ikE on


 operator,  
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So a plane wave has to satisfy the equation, 
 
 

with energy eigenvalue equal to  qkE oc


 , which equals, 
 
 
 
 
b)  
 
 
 
 
 
 
c)   
 
 
 
 
 
 
 
 
 
 
 
Problem 8.4:  
 
a) The transcendental equation to be solved are: 
 
 
 
 
 
 
 
 
 
These are slightly modified from the ones in the lecture handouts because the effective masses in the x-
direction in the well and the barrier regions are different. We calculate the value of xk  for which the 

RHS goes to zero. This comes out to be, 05.22 Lkx . This is bigger than 2  but smaller than   so 
there are two bound states.  
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b)  The RHS and the LHS of the transcendental 
equations are plotted. The intersections give the 
quantized values of xk . The corresponding energies 
are: 

7.271 E   meV 

3.1212 E  meV 
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d) Assume T=300K (room temperature). Plot the RHS as a function of the Fermi level and see which 
value of the Fermi level gives you the electron density on the LHS. This method yields 4.531  cf EE  
meV.  
 


