Two-Port Representations

1) Impedance parameters z

2) Admittance parameters y
3) Hybrid parameters h

4) Transmission parameters T
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One-Port Network

* One-port corresponds to a pair of terminals associated with
only one current and one voltage.

* ¢.g. Thevenin and Norton equivalent circuits
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Two-Port Network

" A two-port network 1s an electrical network with two
separate ports for inputs and outputs

I
-
N o —
v @ Linear
| @& network
—O—-

l?_
-

I

NS

Q

driven by voltage sources

= We consider circuits with no internal independent sources.
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driven by current sources

= 4 variables {V,1;,V,,1,} : only 2 of the 4 are independent
=» the other 2 can be found using terminal equations
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Summary: Sets of Terminal Equations

Vil _ 1211 Z121[l4]. .
] = lzz1 Zys [ 12], z are the impedance parameters
11] _ [3’11 }’12

= are the admittance parameters
I 2 Y21 Y22 [ ] y P

V1] . [hn hi

= ] [ ] h are the hybrid parameters
ha1  hao

11] ] [ ] A, B, C, D are transmission parameters
1
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Impedance Parameters (1)
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Assume: no independent source in the network

Vi =2z111h + z1315 S [V1] _ [Zn Z12] [11]
Vo = zy111 + 29315 Vs Zy1  Z22111

z terms are called impedance parameters 1in unit of Ohm
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Impedance Parameters (2)

open-circuit port-2

V l| p) = 0
Z11 = 1—1 (open-circuit input impedance) G _—
11~
I 1
Z21 = 7 | 2y = -
1 IZ =0 Lo I —

(open-circuit transfer impedance from port 2 to port 1)
(a)

° ° = () Y

open-circuit port-1 - k4 2
Zip = = Zin=

12 11 =0 V, “ V.
(open-circuit transfer impedance from port 1 to port 2) — V2 _

% ircui - (b)
Zyy =% (open-circuit output impedance)

.Iz 11 =0
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Symmetry and Reciprocity (z-parameters)

* When z,, = z,,, the two-port network is said to be
symmetrical.

* When the two-port network 1s linear and has no dependent
sources, the transfer impedances are equal (z;, = z,,), and the
two-port 1s said to be reciprocal.
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Example 1: Impedance Parameters

Zy

Zy)

Determine the z parameters of the following circuit

711 = 20Q + 40Q = 60Q; z,, = 30Q + 40Q = 70Q

_h
1, 1,=0
HAN.
Il 1,=0
Solution.
Z71 = 4;)111 =

Impedance matrix Z = [Z

i 20Q 30Q |y
e AL ANN———0
A 'y

40 Q
O -0

40Q; 24, = 12 = 40Q

0 40
0 70
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Admittance Parameters (1)
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Assume: no independent source in the network

I = y11V1 + y12V> > [11] _ [)ﬁl Y12] [V1]
I = y21V1 + z25V; I, Y21 Y221V,

y terms are called admittance parameters in unit of Siemens
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Admittance Parameters (2)

short-circuit port-2

I I,

11 — -
Vi1 = v (short-circuit input admittance) H . B
1 VZ =0 Yn= Vv
|
ll C+ ‘/'] l ‘/rz = ()
12 Vo = 2
V21 =3 - sl -
1 V2 =0
(short-circuit transfer admittance from port 1 to port 2) (a)
.. I I
short-circuit port-1 e -
I + Vi = I +
— — JI12 = \'A
Y12 AN 2 |
1 _O \/] =0 \'3 l:
(short-circuit transfer admittance from port 2 to port 1) Yy = :]3
I . . b
Voo = 7 (short-circuit output admittance) (b)
2
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Symmetry and Reciprocity (y-parameters)

* When y,; =y,,, the two-port network 1s said to be
symmetrical.

* When the two-port network 1s linear and has no dependent
sources, the transfer admittance are equal (y;, = y,;), and the
two-port 1s said to be reciprocal.
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Example 2: Admittance Parameters

Yu =,

Y=,

Determine the y-parameters of the following circuit.

,
Vi

V,=0 V
12

Vi

V: =0

Answer:

Admittance matrix Y = [2
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Example 2: Admittance Parameters
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Example 2: Admittance Parameters

Sy = ], m 0 B T~ ]
-1, = 4

‘ i =—qy §
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Example 3: Admittance parameters

Determine the y-parameters of the following circuit.

. Apply KVL
& V. =81, +2(I, +1,)

V,=4Q2i+1,)+2(,+1,)

=l gq 4Q l,
O— AYAVAYAY, ANV +«—O0
I =y Vi +y,V, <
2 = Va1t VRV,
O O

|

0.15 —o.os}s I, =0.15V,-0.057V,
—0.25 025 I, =—0.25V,+0.25V,
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Hybrid Parameters (1)
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Assume: no independent source in the network

Vi = hy1lh + hioVs S5 [V1] _ [hn h12] [11]
I = hy1l1 + hyoVs I, ho1  hoo| LV

h terms are called hybrid parameters
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Hybrid Parameters (2)

h

=

V, h),

I,

o f
_ v, ‘ + hy I, = ho,

V.
h, = 1_1
Ly,=0
I
hy =2
1 V,=0

h,,: short-circuit input
impedance (Q2)

current gain

h,,: short-circuit forward

+ 0

I, <D V,
N

h, = B
_5L

hy, = v, -
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h,,: open-circuit reverse
voltage-gain

h,,: open-circuit output
admittance (S)
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Example 4: Hybrid Parameters

Determine the h-parameters of the following circuit.

, 20 3Q |,
o—\ VW -“WW——=0
A 4
V; 6 Q Vy
O O
Answer: _
40 2
Hybrid matrix H=| 13
—= =S
3 9
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Example 4: Hybrid Parameters

olivision ""'I_ = ﬁly - _J;I
l
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Transmission Parameters (1)

I -1,
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Linear
V V
| two-port .

Q |
O |

Assume: no independent source in the network
Vl =AV2—BIZ 9 [V]_] _ [A B][V2]
11=CV2—D12 11 - C D —12

For cascading applications
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Transmission Parameters (2)

I -I,
*’ i- >
O O
- -
Linear
V, V;
two-port =
O O
v T V B: negative short-circuit
A= A: open-circuit voltage B—=_l1 . neg
i transfer impedance (Q2
Va1, ratio L, P (€2)
1 N D= I, D: negative short-circuit
C= v C: open-circuit transfer =77 ' " rati
211,=0 admittance (S) 217,=0 current ratio

A network 1s reciprocal if AD-BC =1
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Example 5: Transmission Parameters

Determine the transmission parameters of the following circuit
Solution.

Apply KVL 1‘* {?/\%
{Vl =101, + 20(I; + I) ©
V, =200, +1,) — 3I
2 (I + 1) 1y, 0 O v,
( O— O

< Vi = EVZ — ?Iz [ ] [ 1.765 15.294()
I, = iV _@Iz 0.059S 1.176
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Example 6: Transmission Parameters

The ABCD parameters of the following two-port network are [ 0 Lll 5 Z%Q].
The output port is connected to a variable load for maximum power transfer.
Find R; and the maximum power transferred. 0Q N 1,
' MWMW—0—
50V v,| |
o—

Answer:
R L = 8.Q.

P =3125W
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Example 6: Transmission Parameters
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i 1= 4V;—0I, {,1
2 = Sl -2, \4}\____%2,0\/
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Example 6: Transmission Parameters

— = @y CogL
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