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Reciprocal NetworksReciprocal Networks

If a network does not contain non
(i.e. ferrites, or active devices), then the network is “reciprocal.”
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 and are symmetric

* A reciprocal material is one that has reciprocal permittivity and permeability 
tensors. A reciprocal device is one that is made from reciprocal materials

Example of a nonreciprocal material: a biased ferrite 

(This is very useful for making isolators and circulators.)
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If a network does not contain non-reciprocal devices or materials* 
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and are symmetric

* A reciprocal material is one that has reciprocal permittivity and permeability 
tensors. A reciprocal device is one that is made from reciprocal materials

Note: The inverse of 
a symmetric matrix 
is symmetric.

Example of a nonreciprocal material: a biased ferrite 

(This is very useful for making isolators and circulators.)
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 is not symmetric!



We can show that the equivalent circuits for reciprocal 2
networks are:

T-equivalent

Pi-
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ABCDABCD--ParametersParameters
There are defined only for 2-port 
networks.
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Cascaded NetworksCascaded Networks
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Cascaded NetworksCascaded Networks
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A nice property of the 
ABCD matrix is that it is 
easy to use with 
cascaded networks: you 
simply multiply the 
ABCD matrices together.



 At high frequencies, Z, Y, h & ABCD parameters are difficult 
(if not impossible) to measure.

o V and I are not uniquely defined
oEven if defined, V and I are extremely difficult 

to measure (particularly I).
oRequired open and short-circuit conditions are 

often difficult to achieve.

 Scattering (S) parameters are often the best
representation for multi-port networks at high frequency. 

Scattering ParametersScattering Parameters

& ABCD parameters are difficult 

are not uniquely defined
are extremely difficult 

circuit conditions are 

) parameters are often the best
port networks at high frequency. 
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S-parameters are defined
assuming transmission lines are connected to each 
port.

On each transmission 
line:  
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Scattering Parameters (cont.)Scattering Parameters (cont.)

Local coordinates
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Incoming wave function

Outgoing wave function

assuming transmission lines are connected to each 
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Scattering Parameters (cont.)Scattering Parameters (cont.)

Local coordinates
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For a OneFor a One--Port Network Port Network 
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Incoming wave function

Outgoing wave function
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Incoming wave function

Outgoing wave function

For a one-port 
network, S11 is defined 
to be the same as L.



    
    

 
 

1 11 1 12 2

2 21 1 22

1 11 12 1

2 21 22 2

2

0 0 0

0 0

0

0

0

b S a S a

b S a S

b S S a
b S S

a

a
    

       
    

 

 

For a TwoFor a Two--Port Network Port Network 
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