
Solutions for 2005 Final Exam  
 Introduction to Nanotechnology- An Overview I 

 
 

 
 
 
 
 



 

 

 
 
 
 



 
 

 

 
 



 
 
 
 

 

Solution: 
 (a) 
 
 
 
 
 
 
 
 
 
 
 
 (b) Diameter of C60 fullerenes = 0.71nm. Pure C60 is an insulator 
  Smallest fullerene = C20. 
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Solution: 
 (a) 1(a) (9,9); 1(b) (11,7);  

n=m → Armchair → always metallic 
11-7 = 4 (not a integer multiple of 3) → semiconductor 
  

(b) 2(a) 1.2nm; 2(b) 2.0nm; 2(c) 1.4nm; 2(d) 1.4nm 
  The wilder the tube the smaller the semiconductor gap. 
 
 
 
 
 
 

8. 



 

 
Solution: 
 (a) For 2D, Fermi region=πkF
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 For 3D, Fermi region= 3
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 for p=2, E=4εZ 
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 for p=3, E=9εZ 

D
Z

Z
Z

Z
ZDZDconfined DmL

Lm
mLLmLL

DD 22

*22/1

2*

222/3

2

*

2

2
2/1

2/3

2

*

2

2

32 32
2

3
2

2
2

332
2

)4()9( =







=
















=








==

η
η

ηη π
π

π
ε

π
εε

 For 0<E<εZ, 0)(2 =ED confinedD  

  For εZ,<E<4εZ, DconfinedD DED 22 )( =  

  For 4εZ<E<9εZ, DconfinedD DED 22 3)( =  

  For 9εZ<E<12εZ, DconfinedD DED 22 4)( =  

   

           
 
 
 
 
 
 
 
 
 
 
 



 
 
Solution: 
 (a) 2EC=0.64meV, e/CΣ=0.64mV, CΣ=e/0.64mV=1.6×10-19C/6.4×10-4V= 250×10-18F 

  (b) e/Cg=0.32V, Cg=e/0.32V=1.6×10-19C/0.32V=0.5aF 
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Solution: 

 (a)  
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 (b) δ=1.89meV=21.934K → T << 21.9K 
  δ=1.89meV → 
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