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Abstract

This short text is nothing more than a helpful collection of tables for two-port matrices. You can
find tutorial texts in many places, for example in [1, chapter 15.3] (in English) or in [2, chapter 19] (in
German). Most of the tables in this collection have been taken from [2, 3] and then extended.

I have done my best to remove all errors, but if you still can find one, please report it to the author:

schm d@si . ee. ethz. ch
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1 Definition of the four most important two-port matrices

I1 I
lo——— F———<—-o02
Two
Vll Port lvz
1/0 02/

1.1 Short circuit admittance matrix (admittance matrix)

1 Ya ' =Y.V
i Ys ! [ll] |:Y11 y12:| [Vl]
P Y21 Y22 | V2
Y=Ya+Yp

1.2 Open circuit impedance matrix (impedance matrix)

f Za v V=21
|
v Zg v |:V1:| |:211 212:| [|1:|
Vo - I 12| l2
Z=27Zp+1p

1.3 Transmission matrix (chain matrix)
NEEM
, o - =A.
Y Aa Y A v 1 —I2
|:V1:| |:3-11 a12j| {V2:|
A:AA~AB =
I1 az ax]|l—I2
1.4 Hybrid matrix
T Nl
I I2 Va
v

He | % {vl} [hn hlz][ll}
H=Ha +Hg 2 h21 hao | [ V2




2 Conversions...

2.1 ...between thetwo-port matrices
Ve e |: Y22 —y12:| n ai detA:| 4 detH hj2
detY apy h2o
—Y21  Yu L1  ax |—h21 1 ]
1 I —112 vy n Ay —detA 4 1 —hp
detZ ap hy1
| —Z21  I11 | -1 a L ho1  detH |
N Z11 detZ e Y22 1 A _hi detH hqgp
z21 L1 Z22 | ya _detY Y11 | 2 L hoo 1 |
N detZ z1o N 1 -y N ajp detA H
222 l—z21 1 | m yo1 detY | 2 _q asy
2.2 ...when atwo-port isreversed
Iy I I i
Two ~ Two v
Vll Port le Vll Port lVZ
10— Y Y 1Vo— Y, ¥
- [222 a o [Y22 Y2 - 1 [az2 aw - 1 [hu —ha
12 Inn Y12 yn etAlay an etH| _hy, hyp
3 Conditions for Reciprocity and Symmetry
symmetry
Z 212 = In 211 = Ix
Y Y2 = Ya1 yiu = Y2
A detA = 1 ain = az
H hip = —-hy detH = 1
reciprocity
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5 Twoport Matrix Examples

5.1 CircuitsBased on the 7-Network

Y A
o 1 -1 1 &
Yb b
-1 1 0 1
Y. O _
Ye Yq 0 v does not exist
Y
: {wac ~Yb } 1 [ Yo+ Y 1 }
Y Y v
c d ~Yb  Yp+VYd Yo | YpYe+YpYa+YeYd Yo+ Ye
Yb Y
2 1 Yo+ Yo)(Ya+Ya)+YoYe  —YaYb
Ye Yd Ya+Yp+Yq —YaYp Ya(Yb + Ya)
O O
1 [ Ya(Yb + Yd) Ya+ Y+ Yd }
YaYo | Ya(YpYc+ YoYa +YeYa) (Yo +Ye)(Ya+ Ya)+ Yo Ye

5.2 Circuits Based on the T-Networ k

Y A

1 0
does not exist

1 Ye(Ya+Yd)  —YcVa
YatYetYd | —YoYg  Ya(Ya+Yo)

1 |:Yd(Ya+Yc) Ya+Yc+Yd:|

Ye¥d | YaYeYq  Ye(Ya+Ya)

1 [(Yc+Yb)(Ya+Yd)+YbYc —Yb(Ya+Yc+Yd)—Ych:|
Yat+Ye+Yd | —Yp(Ya+Ye+Ya)—YeYa  (Ya+Yo)(Yb+Ya)+ YoYq

1 (Ya+Ye)(Yo+ Yd) + Yo Yd Ya+Yc+Yq
Yo(Ya+Ye+Ya) +YeYd | Ya(YoYe+YpYa+YeYa) (Yo +Ye)(Ya+ Ya) + Yo Ye




6 Miscellaneous tables

6.1 Twoport matrix deter minants

detY = yi1y22 —y12y21 1/detZ az1/an2 h22/h11
detZ = 1/detY 211220 — 212121 aiz/az h11/h2
detA = y12/y21 212/1n andz —azan —h12/h2
detH = y22/Y11 211/722 ai1/az h11h2z2 —hi2hoy

6.2 Scattering Matrices

Scattering Matrix

b]_ ap
=T.
Ta Ts ag b
b1 tin t] a2
T=Ta-T = :
ATE a tor to] [b2

1 t12 detT 1 —detS  s11
S=— T=—
2201 —ty S21 | —sp 1

(Formulas for the conversion from and to the other two-port matrices will be added soon.)

Conversion



