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Electromagnetics:
Microwave Engineering

Power in Two-Port Networks



Local Parameters
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The impedances of the source and load can be written as

ZS — RS +jXS
Z;, =Ry +jX;
The reflection coefficient seen from the The reflection coefficient seen from the
network to the source is network to the load is
Zs—Z, Zy — Zg
(local reflection) FL — (local reflection)
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Available Power and Impedance Matching

| ]L This is the case when the two-port network
. ZS ) Q | + between the source and load is nothing.
V. ZL J v, The current and voltage across the load are
] _ V. V,Z
o | IL — S VL _ S~L
Zet+ 7, Z.+7;

The RMS power delivered to the load is then

1 1 /4 Vs VAR R},
P, = —Re [V, I'] = =R —
L =5 Re[Vilf] =7 “NZo+ 2, Zo+ Z,) 2 1Z. + 7,2
Rk R,

2 (Rs+Rp)?+ (Xs+ X1)?
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Available Power and Impedance Matching

7 | I P, is maximized when Xg = =X
; >) | T Then the total available power to the load is
i L)V P 4 G
| - 47 9 (Rs + RL)Z

"
Nt

This function has a maximum when

0P, 0 = Vel* (Rs + R)? — 2R, (Rs + R;)
orR, = 2 (Rs + R;)*

0=(Rs +R)*—2R,(Rs + R,)
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Available Power and Impedance Matching
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This is called conjugate matching.

ZLZZ;<

For maximum power to the load




Global Parameters
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The input impedance observed by the source into the network/loa'd IS
P AZ; + B
" CZ, +D

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

-1 _ _ S125921T
- A+ BZ, CZo—D or Lo=S, + 1292111
A+BZ;'+CZy+ D 1= 53,1,
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Global Parameters

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

5125211
Loy = Spo +
The average power delivered by the source is
Vsl? |1 =T 2
P = = (1 — [Tinl?)

8ZO |1 o FSFinlz
The average power delivered to the load is

Vsl? 18,0121 — T 211 — Ty 2

P, =
g 8ZO |1_522FL|2|1_FSFin|2
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Global Parameters

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

N VAR S
A 87, 1 — |I,|? P. <P,
If conjugate matched,
5 %l
47 B8R,

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

P GO i e
bmax 8Zo |1 — SyI7 1% (1 — [Touel?)

PL < PL,max
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