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Local Parameters
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Γs =
𝑍𝑠 − 𝑍0
𝑍𝑠 + 𝑍0

𝑍𝑠 = 𝑅𝑠 + 𝑗𝑋𝑠
𝑍𝐿 = 𝑅𝐿 + 𝑗𝑋𝐿

The impedances of the source and load can be written as

The reflection coefficient seen from the 
network to the source is

The reflection coefficient seen from the 
network to the load is

ΓL =
𝑍𝐿 − 𝑍0
𝑍𝐿 + 𝑍0

(local reflection)(local reflection)
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𝑅𝐿
𝑅𝑆 + 𝑅𝐿

2 + 𝑋𝑆 + 𝑋𝐿
2

𝐼𝐿 =
𝑉𝑠

𝑍𝑠 + 𝑍𝐿

This is the case when the two-port network 
between the source and load is nothing.

The current and voltage across the load are

The RMS power delivered to the load is then

𝑉𝐿 =
𝑉𝑠𝑍𝐿

𝑍𝑠 + 𝑍𝐿
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𝜕𝑃𝐴
𝜕𝑅𝐿

= 0 =
𝑉𝑠

2

2

𝑅𝑠 + 𝑅𝐿
2 − 2𝑅𝐿(𝑅𝑠 + 𝑅𝐿)

𝑅𝑠 + 𝑅𝐿
4

0 = 𝑅𝑠 + 𝑅𝐿
2 − 2𝑅𝐿 𝑅𝑠 + 𝑅𝐿

𝑅𝐿 = 𝑅𝑠

𝑃𝐴 =
𝑉𝑠

2

2

𝑅𝐿
𝑅𝑠 + 𝑅𝐿

2

𝑃𝐿 is maximized when 𝑋𝑆 = −𝑋𝐿

Then the total available power to the load is

This function has a maximum when 
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𝑃𝐴 =
𝑉𝑠

2

8𝑅𝑠

𝑍𝐿 = 𝑍𝑠
∗

This is called conjugate matching.

When 𝑅𝐿 = 𝑅𝑠, the equation for maximum power reduces to

For maximum power to the load

when 𝑍𝐿 = 𝑍𝑠
∗



Global Parameters
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Γi𝑛 =
𝐴 + 𝐵𝑍0

−1 − 𝐶𝑍0 − 𝐷

𝐴 + 𝐵𝑍0
−1 + 𝐶𝑍0 + 𝐷

𝑍𝑖𝑛 =
𝐴𝑍𝐿 + 𝐵

𝐶𝑍𝐿 + 𝐷

The input impedance observed by the source into the network/load is 

The reflection experienced from the source into the network/load is

Γi𝑛 = 𝑆11 +
𝑆12𝑆21Γ𝐿
1 − 𝑆22Γ𝐿

or
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𝑃𝑖𝑛 =
𝑉𝑆

2

8𝑍0

| |1 − Γ𝑠
2

1 − Γ𝑠Γ𝑖𝑛
2
1 − Γ𝑖𝑛

2

Γ𝑜𝑢𝑡 = 𝑆22 +
𝑆12𝑆21Γ𝑠
1 − 𝑆11Γ𝑠

The reflection coefficient from the network/source to the load is

The average power delivered by the source is

𝑃𝐿 =
𝑉𝑆

2

8𝑍0

𝑆21
2 1 − Γ𝐿

2 1 − Γ𝑠
2

1 − 𝑆22Γ𝐿
2 1 − Γ𝑠Γ𝑖𝑛

2

The average power delivered to the load is
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𝑃𝐴 =
𝑉𝑠

2

8𝑍0

1 − Γ𝑠
2

1 − Γ𝑠
2

The maximum possible power 𝑃𝐴 that the source can deliver to the load is when
the source impedance is conjugate matched to the input of the network.

If conjugate matched,

𝑃𝐿,𝑚𝑎𝑥 =
𝑉𝑆

2

8𝑍0

𝑆21
2 1 − Γ𝑠

2

1 − 𝑆22Γ𝐿
2 1 − Γ𝑜𝑢𝑡

2

The maximum possible power that can be delivered to the load is

𝑃𝑠 ≤ 𝑃𝐴

𝑃𝐴 =
𝑉𝑠

2

8𝑅𝑠

𝑃𝐿 ≤ 𝑃𝐿,𝑚𝑎𝑥


