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ECE 495N, Fall’08 ME118, MWF 1130A – 1220P 

HW#7: Due Friday Nov.21 in class. 

Problem 1: Below is some recent experimental data on a sheet of graphene reported by 
one of the leading groups in the field ( http://arxiv.org/abs/0805.1830 ). It plots the 
"conductivity" 

 

σ  obtained from the conductance G, using the relation 

 

G = σW /L, W 
and L being the width and length respectively.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
We wish to try to understand this data based on the expressions developed in this course 
(you may want to review Problem 1 of HW#3): 
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where 

 

λ  is the mean free path and

 

feq (E) =
1

1+ exp(E /kT)
.  
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A. Starting from the approximate dispersion relation ( )k vkε ≈


 , use the relations 
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to show that 2
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including a factor of 2 for the two spins and another factor of 2 for the two valleys. 
 
B. Now use Eqs.(1) and (2) and assume very low temperatures so that 
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Plot 

 

σ  versus 

 

ns, assuming L = 4 µm using (a) 

 

λ = 2 µm and with (b) 

 

λ = 300 nm. 
Note that these values of the mean free path are twice those indicated in the paper: we 
believe the difference arises from a difference in our definition of mean free path. 
 
 
Problem 2: 
Coherent transport 
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 Basic equations of coherent transport 

1 1 1[ ]i +Γ = Σ − Σ , 2 2 2[ ]i +Γ = Σ − Σ  

1
1 2( ) [ ]G E EI H −= − − Σ − Σ , 

 

A(E) = i[G − G+] = GΓ1G
+ + GΓ2G

+  Density of states 

1 1 2 2[ ( )] [ ] [ ]nG E G G f G G f+ += Γ + Γ  Electron density 

( ) (( [ ]) [ ])n
i i i i

qI E Trace A f Trace G
h

= Γ − Γ  Current/energy  

1 2 1 2( ) [ ]( ( ) ( ))qI E Trace G G f E f E
h

+= Γ Γ −  2-terminal current 

In general H has to be replaced with H+U, where U has to be calculated self-consistently 

from an appropriate “Poisson”-like equation, but you can ignore this aspect in the 

following problem.  

 

Consider a channel described by a (2x2) Hamiltonian matrix: 
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ε1 t
t ε2
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connection to two contacts are described by 
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respectively. Assume 

 

ε1 = +0.5 eV, 

 

ε2 = -0.5 eV, t = 1 eV, 

 

γ1 = 

 

γ 2 = 0.5 eV, 1( )f E =1, 

2 ( )f E =0. 

 

(a) Plot the current/energy over the energy range -2 eV < E < +2 eV. The plot should 
have two peaks: Compare the location of these peaks with the eigenvalues of [H]. 
 
(b) Plot the local density of states A(1,1) and A(2,2)  over the same energy range. It 
should have two peaks too, but of unequal height. Compare the ratio of the peaks  for 

A(1,1) and A(2,2) with 
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eigenvectors 
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