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Example 1-D 

For a one dimensional lead:  
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Contact 2

 

�Ψ� = εΨ� − t�Ψ�	
 − t�Ψ��
 

Ψ� = Ae��� + Be	���
   and � = � − 2�� cos �� 

For n=N: Ψ� = Ae��� there is no reflection then  Be	��� = 0 

�Ψ� = −t�Ψ�	
 + εΨ� − t�Ψ��
 

We’ve learned in this course that we 

can describe the properties of any 

device a Hamiltonian H. For current 

flow however we also need to take 

into broadening which comes from 

the self energy functions Σ. 
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The important point to notice is that 

unlike H, Sigma is complex. The 

imaginary part indicates a finite 

lifetime and tells us how easily an 

electron can escape into the 

contact. 
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Ψ��
 = Ae���(��
) and Ψ� = Ae���(�) #
Ψ��


Ψ�
= e���  

We can do it only on the last point because we don’t have any reflection.  

�Ψ� = −��Ψ�	
 + (� − ��$%&')Ψ� 

 























−

−
−−

−

=

ikaet

t

tt

t

H

0

0

00

0

ε

ε
ε

ε

OO

O  

Adding impurities 
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In lower energy transmission is less because electron could not pass it – i.e. barrier – easily. 
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�Ψ� = −t�Ψ�	
 + εΨ� − t�Ψ��
 

Ψ� = Ae��� + Be	��� 

Ψ� = A + B and Ψ	
 = Ae	��� + Be���� =  Ψ�e��� + A(e	��� − e���)())))*))))+
,-./01 21/3

 

4�5 − 678Ψ9 = 0 # 4�5 − 6 − Σ
 − Σ;78Ψ9 = <
 


