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N-Port Networks
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At each port, the total voltage 
and current is given by

𝑉𝑛 = 𝑉𝑛
+ + 𝑉𝑛

−

𝐼𝑛 = 𝐼𝑛
+ + 𝐼𝑛

−



Impedance and Admittance Matrices
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𝑉𝑛 and 𝐼𝑛 are related through 
impedance. In fact, all of the voltages 
and currents in any combination of ports 
are also related.

𝑍𝑖𝑗 =
𝑉𝑖
𝐼𝑗

when all other currents are zero.



Impedance Matrices
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𝑉𝑛 and 𝐼𝑛 are related through impedance. In fact, all of the voltages and currents in 
any combination of ports are also related.
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𝑉 = 𝑍 𝐼

𝑍𝑖𝑗 = ቤ
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Admittance Matrices
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𝑌11 𝑌12 ⋯ 𝑌1𝑁
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𝐼 = 𝑌 𝑉

𝑌𝑖𝑗 = ቤ
𝐼𝑖
𝑉𝑗 all other 

voltages zero

𝑌 = 𝑍 −1 𝑍 = 𝑌 −1



Network Classifications
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Re 𝑍𝑖𝑗 = Re 𝑌𝑖𝑗 = 0

Reciprocal Lossless

𝑍𝑖𝑗 = 𝑍𝑗𝑖 𝑍 = 𝑍𝑇

𝑌𝑖𝑗 = 𝑌𝑗𝑖 𝑌 = 𝑌𝑇

No non-reciprocal media like 
active devices, ferrites, plasmas, 
etc.

𝑍𝑖𝑗 and 𝑌𝑖𝑗 are completely

imaginary


