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Transfer Matrix

e For the purpose of propagating a wave
through multiple elements, it is more
convenient to relate the amplitudes on the
right-side of the boundary to those on the
left-side via the 'Transfer Matrix':
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Extracting r and t from M

e (Consider case a=1, b=r, c=t, and d=0:
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A Generalized Transfer Matrix
approach to complex scattering
potentials

e How would you go about computing rand t
for a complicated structure?
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Systematic approach:

e compute the Transfer Matrix for each element,
then multiply them all together to get a full
Transfer Matrix for the object

— For a problem with only one boundary, it will
always save time to plug and chug.

— For 2 or more boundaries, the Transfer Matrix
approach should save time

e Then compute probabilities via:
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Definition of the 2-vector
representation of the wavefunction

At any point, x, along the wave, the state of
the system, y(x), will be represented by a two

vector:
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Example: consider a free particle:
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The Transfer-matrix for free propagation

e Thus to propagate a two-vector over a
distance L, with wavevector k, we have:
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e A potential step can be characterized by k,
and k,. We already determined that the M-
matrix is:
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e Now we are ready to go to work on some
scattering problems




Transfer-Matrix Approach to Scattering
through Multiple Elements

e Example: Scattering through two step

potentials:
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e Thus the full M-matrix for this scatterer is:

M = Mstep (k39k2 )Mfree (kZL)Mstep (k29k1 )

T=1-R II‘

2

M12
M22

R=|




Step potential result

Example: Scattering through square barrier

1 11 A I
k,=k 1| a
B b S o b S
r
—|— T
> X
x,=0 X,=

e The full M-matrix for this scatterer is:
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Example Continued:
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e The reflection Amplitude is then:
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— These are the Transmission Resonances

— This describes a frequency filter

— Choose L= (n2)Ato transmit wavelength A
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Transmission Resonance
e Analogy: light passing through a high-index
medium
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e Interference due to multiple Transmission
Pathways

~ Constructive Interference when: K(2L)=n(2x)
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Resonance Transmission Profiles
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-Common Approach:
To increase o, increase V,

*Then use L to tune wavelength '




Generalized Approach

e With this Method we can calculate the
reflection and transmission amplitudes for
any sequence of potential steps:
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