TWO-PORT NETWORKS
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A two-port network is an electrical network with two separate ports
for input and output.
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Figure 19.1

(a) One-port network, (b) two-port
network.




IMPEDANCE PARAMETERS
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The linear two-port network: (a) driven by voltage sources, (b) driven by current sources.
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Figure 19.3

Determination of the z parameters:
(a) finding z,, and z,,. (b) finding z,,

and z--.
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Figure 19.4
Interchanging a voltage source at one port
with an 1deal ammeter at the other port
produces the same reading in a reciprocal
two-port.
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Figure 19.5

(a) T-equivalent circuit (for reciprocal case only), (b) general equivalent circuit.
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An ideal transformer has no z parameters.
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Find I, and I, in the circuit in Fig. 19.10.
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Figure 19.10
For Example 19.2.

z,, =40 Q
Z;, = j20 Q
Z,; = j30Q
Z,, =50 Q
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ADMITTANCE PARAMETERS
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Figure 19.12

Determination of the y parameters:
(a) finding y,, and y5,, (b) finding y,,
and y,-.




The values of the parameters can be determined by setting V; = 0
(input port short-circuited) or V, = 0 (output port short-circuited). Thus,

I I
Y1 = ) Yi2 =
V; V,=0 Vv, V,=0
(19.10)
Y 1
Yo — , Yoo =
V; V,=0 Vv, V,=0

Since the y parameters are obtained by short-circuiting the input or out-
put port, they are also called the short-circuit admittance parameters.

Specifically, Q
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Figure 19.13

(a) IT-equivalent circuit (for reciprocal case only), (b) general equivalent circuit.
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For Example 19.3: (a) finding y,, and y»;,

(b) finding y,, and y,..




Example 19.4
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Figure 19.17
For Example 19 4.




Example 19.4
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For Example 19.4.
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Figure 19.18
Solution of Example 19.4: (a) finding y,,; and y,;. (b) finding y,, and y,-.




HYBRID PARAMETERS
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Figure 19.20

The hA-parameter equivalent network of a
two-port network.
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A set of parameters closely related to the h parameters are the g
parameters or inverse hybrid parameters. These are used to describe
the terminal currents and voltages as

I, =gV, + gl (19.18)
Vo, =g,V + gl

or

11} _ [gu g12:| [Vl] _ |:‘T1:| 19.19
[Vz 221 822 I, ¢] I, (15-19)




Figure 19.21

The g-parameter model of a two-port
network.




Determine the Thevenin equivalent at the output port of the circuit in
Fig. 19.25.
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Figure 19.25
For Example 19.6.




TRANSMISSION PARAMETERS

Another set of parameters relates the variables at the input port to those
at the output port. Thus,

VI = AV2 - B12

(19.22)
Il - CV2 - D12

or
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II_CD—IZ_[]—L (19.23)




The transmission parameters are determined as

Vi Vi
A=—| , B=-——

Vg I,=0 12 V,=0
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c=—| , D=--

V> 1,=0 I, V,=0

Thus, the transmission parameters are called, specifically,
A = Open-circuit voltage ratio
B = Negative short-circuit transfer impedance

C = Open-circuit transfer admittance

D = Negative short-circuit current ratio
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The parameters a, b, ¢, and d are called the inverse transmission, or
parameters. They are determined as follows:
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In terms of the transmission or inverse transmission parameters, a
network 1s reciprocal 1f

AD —-BC=1, ad—be=1 (19.30)

These relations can be proved in the same way as the transfer imped-
ance relations for the z parameters. Alternatively, we will be able to
use Table 19.1 a little later to derive Eq. (19.30) from the fact that
Z,» = Z, for reciprocal networks.




The ABCD parameters of the two-port network in Fig. 19.34 are
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0.1S 2

The output port 1s connected to a variable load for maximum power
transfer. Find R; and the maximum power transferred.
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Figure 19.34
For Example 19.9.




INTERCONNECTION OF NETWORKS
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Figure 19.39

Series connection of two two-port
networks.




Figure 19.40

Parallel connection of two two-port
networks.




[T] = [T][T))] (19.61)

I I, I, L, L, I,
o - -~ - - -~
C O O O O ]
- - T - - -
Vl Vl a N, a V:a Vl b N b Vz b V:
O Cr O O O O

Figure 19.41

Cascade connection of two two-port networks.




Evaluate V,/V_ in the circuit in Fig. 19.42.
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Figure 19.42
For Example 19.12.




Find the y parameters of the two-port in Fig. 19.44.
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Figure 19.44
For Example 19.13.




