
CHAPTER 18 
 
 
1.  Carbon nanotube band structure. 
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(b) The angle between K and b1is 30o ; A right triangle is formed in the first BZ with two 
sides of length K and b1/2.  Now b1 = 

a3
4π , so: 

K = (b1/2)/cos(30o)=     4π/3a . 
 
(c) Quantization of k along x:  kx(na)=2πj=  kx =2π j/na.   
 
Assume n = 3i, where i is an integer.  Then:  kx = K(j/2i). For j = 2i, kx=K.   Then 

  and there is a massless subband.   jk y
ˆ=∆K

 
(d) For n = 10, kx =2π j/10a =K(3j/20).  The closest k comes to K is for j = 7, where  
∆kx = K/20. Then:  
 

10/)3/4(211 avF πε = = 1.8 eV. 
 
The next closest is for j = 6, where ∆kx = K/10, twice the previous one.  Therefore: 

ε22 = 2ε11 .
  
(e) For the lowest subband:  222 )20/( ykK +=∆k , so: 
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This is of the desired form, with FvKm 20/* = . 

12.020//* == FmvKmm . 
 
2.  Filling subbands 
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(2,1) subband:  same. 
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3.  Breit-Wigner form of a transmission resonance 
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The denominator of (29) is then: 
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(b)  kLδδϕ 2=  and επεδεδ ∆=∆∆= /)/(// Lkk .  Combining: 
 εδεπδϕ ∆= /)/)(2( LL      =>      εδεπδϕ ∆= /2/  
 
(c)   Combining: 
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4.  Barriers in series and Ohm’s law 
(a) 
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5.  Energies of a spherical quantum dot 
 
(a)      =>         Integrating from inner to outer shell: oenclA
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(c) For d >> R ,        
R

eU
oπεε4

2

=   .  Also 2*

22

0,0 2 Rm
πε =    =>       22

2*2

0,0

2
4 ππεεε

Rm
R

eU

o

⋅=  

  *222

*2

22

2*2

0,0

22
4

2
4 Boo a

RRmeRm
R

eU
πππεεππεεε

=⋅=⋅=  

 
6.  Thermal properties in 1D 
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Obtaining value from table of integrals: 
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(b)  The heat flow to the right out of reservoir 1 is given by: 
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 and similarly for JL. The difference is: 
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