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Coherent Transport 
General Current Equation

00:03

• In the last few lectures we’ve been 
discussing coherent transport where 
electrons go through the channel without 
loosing energy or dissipating heat.
• Using the general form, current can be 
calculated as follows:
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Wire With a Delta Function 
Potential 
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Schrödinger Equation 

Since there is a non-zero potential at x=0, 
the general solution for the wire cannot be 
written as plane waves. Every where else 

the wire is uniform and solutions to the 
Schrödinger equation can be written in the 
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• Using the general form, current can be 
calculated as follows:
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Only for a uniform 
wire



Wire With a Delta Function 
Potential    
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• For a uniform 1-D wire we have:

• Based on the discrete lattice above 
Schrödinger equation becomes a matrix 
equation.

• The Hamiltonian is tri diagonal 
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Sigma Matrices For 1D 
Leads
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• The sigma’s can be written as:  
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Example
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Simple example of a device with 
only one lattice point:
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Example: Green’s Function
37:05
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• In a 1D wire we find the velocity ca be written as:
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Spectral Function 
Transmission

38:58

• The spectral function can be found from G:

• We can find transmission using:
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What happens to 
transmission when U=0?

44:55

• When U=0, T=1 from the formula above. 
Physically, electron is really passing 

through a uniform wire and we expect the 
transmission to be 1.

Device

1D Leads (Uniform Wires)

Ec+2to

-to

Ec+2to+U

[H]∑ ∑1*1222

22

vU
vT
+

=

• Green’s Function Method 

• Advantage: Having a new problem, one can derive 
the answers quickly without having to go through the 
detailed physics.

• Disadvantage: One can calculate every thing 
without really understanding anything.



What happens to spectral 
function when U=0?

46:10

• Local density of states can be found from the spectral 
function:

• Again if we set U=0 we get the old result that we found for a 
1D wire:
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