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Problem 2.1: The Harmonic Oscillator: Classical vs. Quantum  

 
Solution: [By Sayak Ghosh, 2017] 

 
  



 
 
Problem 2.2: Second Quantization Methods  

 
Solution: [By Sam Bader, 2015]







 
The plots above are normalized by the particle number. 
 
 
 
  



 
 
Problem 2.3: Bandstructure and Quasiparticles  

 
Solution: 
(a, b) [By Andrei Isichenko, 2017]  

 



(c) [By Sam Bader, 2015]
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Problem 2.4: Quantum Transport by Tunneling, Transmission, and Thermionic 
Emission  

 
Solution: 
(a) [by Sayak, 2017] 

 



 
 
(b) [by Andrei & Sayak] 

 



 
And the WKB tunneling probability integral is given by: 

 
  



(c) [solution by Andrei, and further detailed solution from ece4070/mse 6050] 
 

 



 



 





 
 
 
Problem 2.5: A 2DEG as a parallel array of 1D conductors  

 
 
Solution:[From ECE 4070/MSE 6040 2016] 



 
 

 



 
 
Problem 2.6: A Ballistic FET with a 2D Semiconductor Crystal  
 

 
 
Solution: [By Wenshen, 2015] Note: This solution uses a different effective 
mass, but the answers and trends are the same. 
 

 

 



 
 

 
 
 



 
 
 
 
 
 
 
 


