Module - VII
Two- Port Networks



A pair of terminals through which a current may enter or
leave a network is known as a port.
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Any linear circuit with four terminals can be regarded as a
two-port network provided that it does not contain an independent
source and satisfies the port conditions.

i.e the linear circuit containing two ports is assumed to be in zero state
and to be free of any independent sources. In other words, there is no
initial energy stored in the circuit.
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Advantages of Two port network parameters

Two port network parameters can be experimentally
determined without resorting circuit analysis.

This allows the response of the network to signals applied
to the ports to be calculated easily, without solving for all the
internal voltages and currents in the network.

Examples of circuits analyzed as two-ports
are filters, transmission lines, transformers, and small-signal
models for transistors.

It also allows similar circuits or devices to be compared
easily. For example, transistors are often regarded as two-ports,
characterized by their h-parameters.

Two port parameters are used to design and analyse a large

networks. (dividing large network into small sub-networks of each
having two ports)
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A two-port network has four port variables: V;, I,,V,, and L. If
the two-port network is linear, we can use two of the variables as
excitation variables and the other two as response variables.

For instance, the network can be excited by a voltage V; at port 1 and a
voltage V, at port 2, and the two currents, I, and I,, can be measured to
represent the network response. In this case, V1 and V, are independent
variables and I; and I, are dependent variables, and the network
operation can be described by the two equations
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Example of Two port network
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The linear two-port network:
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IMPEDANCE PARAMETERS

The terminal voltages can be related to the terminal currents as

Vi
\Z

z11 11 + z1715

1) + 722715

or 1n matrix form as

Vi | 211 Z12 I; — [z] I

V, ;1 In| | L I
where the z terms are called the impedance parameters, or simply z
parameters, and have units of ohms.
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The values of the parameters can be evaluated by setting
I, = 0 (input port open-circuited) or I, = 0 (output port open-
circuited). Thus,

Vi Vi
1)) = f 12=05 Z)y = g o
\& vV,
e f 12=05 e i I,=0

Since the z parameters are obtained by open-circuiting the input
or output port, they are also called the open-circuit impedance
parameters.

Specifically,

z11 = Open-circuit input impedance
z12 = Open-circuit transfer impedance from port 1 to port 2
z21 = Open-circuit transfer impedance from port 2 to port 1

z22 = Open-circuit output impedance
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z11 and z21 can be obtained by connecting a voltage V1 (or a current
source I1) to port 1 with port 2 open-circuited and finding I1 and V2;

z12 and z22 can be obtained by connecting a voltage V2 (or a current
source I2) to port 2 with port 1 open-circuited and finding I2 and V1;

z11 and z22 are called driving-point impedances, while
z21 and z12 are called transfer impedances.

When z11 = z22, the two-port network is said to be symmetrical.

When the two-port network is linear and has no dependent sources, the
transfer impedances are equal (z12 = z21), and the two-port is said
to be reciprocal. This means that if the points of excitation and
response are interchanged, the transfer impedances remain the same.
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P.1: Determine the z parameters for the circuit in Fig.
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V 401 V> (30 + 40)I,
Z17 = 12—224[}9. Iy = — = Al }L:"'{]EE'
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=

7/26/2024



ADMITTANCE PARAMETERS

I, = }"11V1 + v12 V>

I, = }"21V1 T }"23"’1

or 1n matrix form as
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1§ , 1§

Yu= g : Y=
“'1 1".1'2 —() “' 2 1".1'1 —()

, I, , I,

J21 — ‘_T . J22 — ‘.T
Llvy,=0 2lvy=

y1l1l = Short-circuit input admittance
y12 = Short-circuit transfer admittance from port 2 to port 1
y21 = Short-circuit transfer admittance from port 1 to port 2

y22 = Short-circuit output admittance

When yl11 = y22, the two-port network is said to be symmetrical.

For reciprocal network, y12 = y21.
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P.2: Determine the y parameters for the circuit in Fig.

2 €) 6 €
(o AVAVAVAY ANNVVN—0

4 €)

yll = 0.2273 S, y12 = y21 = —0.0909 S, y22 = 0.1364 S.
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P.3: Determine the z and y parameters for the circuit in Fig.

6 € 2 Q)
O AVAVAVA" NMNWWN—0
iﬂ],
30 2i,
O O

yll = 0.625S, y12 = —0.125 S, y21 = 0.375 S, y22 = 0.125 S.

211 =10Q,212=1Q,221 =-3Q, 222 =5 Q.
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P.4: Obtain the admittance parameter equivalent circuit of the two-port

in Fig.
0.2V,
- AN ,
7 A L 0
Vi 250 1002 V;
- |

vyl1=04S,y12=0S5,y21 =-0.25,y22=0.165.

hil = 2.5, hi2 = 0, h21 =, h22
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P.5: Find the impedance-parameter equivalent of the circuit in Fig.

10 40
O——AMW VWO
L+ 220
1Q2 V.
1 - 2V,
. .

Z11 = 1.6667 Q, 7212 = 0.2222 Q, Z21 = —-0.6667 Q, 222 = 1.111 Q
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P.6: Obtain the y parameters for the network shown in Fig.
2 €
O AAAAY O

4 €) 8 )

O O

yll1 =0.75S,y21 = -0.5S, y12 =—0.5 S, y22 = 0.625 S
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P.7: Obtain the y parameters for the network shown in Fig.

1 Q 2€)
O——"WVWWY VWWW—0
—— 0.5F
O O
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HYBRID PARAMETERS

It is much easier to measure experimentally the h parameters of
transistors than to measure their z or y parameters. Hence these
parameters are used in circuits which have electronic devices.

Vi=hl; +h;p Vs
I, =hyI; +hynV,

or 1n matrix form.

Vi _ h;, hpf| L — [h] I
I hy; hy | [ Vs V,
Vv Vv
hy = — hy, = —
I 1v,=0 211,=0
I I
hy = hy, = —
I, Vo= V, I,=0
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h1l1l = Short-circuit input impedance
h12 = Open-circuit reverse voltage gain
h21 = Short-circuit forward current gain

h22 = Open-circuit output admittance

When Ah =1, the two-port network is said to be symmetrical.

For reciprocal networks, h12 = —h21.
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P.8: Determine the h parameters for the circuit in Fig.

3Q
O AW O
< -.*L
<20 <50
-r.'-\-:-:- -ln':}
O O

hil =1.2, hl12 = 0.4, h21 = -0.4, h22 = 0.4 S.
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General inward current convention

I, I,
—_— -
O O
v Linear v
: two-port .
O O
However, in transmission system the
direction.
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TRANSMISSION PARAMETERS

\’71 — fk"'?_"- T BI:
Il = (?‘V:_ DI:

current flows in outward
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Hence for outward direction (i.e for transmission system convention),
either reverse the direction of I, in the circuit or reverse the sign of B

and D.
I I
— —_—
O O
| Linear Vi = AV, + BL,
V. V.
1 two-port : I, =CV,+ DL
o o
or
I I
— fp—
O O
v Linear v V, = AV, — B,
1 two-port : I, = CV, — DI,
o o
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for second circuit

A B— !

V2 L, =0 L v, -0
c— 1 . p=_n1

"'TE I.=0 IE Vo=

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

When A = D, the two-port network is said to be symmetrical.

For reciprocal networks, AD - BC =1
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P.9: Find the transmission parameters for the circuit in Fig.

2 € 6

4 €)

A=15B=11Q0,C=0.25S, D = 2.5.
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P.10: Find the transmission parameters for the circuit in Fig.
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INTERRELATION BETWEEN PARAMETERS

7/26/2024

Conversion of two-port parameters.

Z
Y22 Yi2 Ay, h;, A Ar
Z _ _ R _
A_r &_.f hzz 1122 C C
V21 Vi1 h»; 1 1 D
ﬁ_i- Q_.; h» h»» C C
Zy Z1o 1 1113 D ﬂ]r
‘lr — R —_— N P
) .&: .&: h11 h“ B B
L7 rAR h;; Ay 1 A
ﬂ.: ﬂ.: h11 1111 B B
h A, Zp 1 Y12 B At
Z2 Z27 Vi1 Vi1 D D
2oy k3 Y21 Ay 1 C
Z2 Z Vi1 Vi1 D D
- Z A, V22 1 Ay h),
221 Z21 V21 Y21 h»; h;;
1 %) Ay Vi h;; 1
43 721 V21 Vo1 h», hy;
A; =ZnZyp —ZpZn, Ay =ynu¥n —YioYa. A, = hjjhy —hphy, Ar = AD — BC
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INTERCONNECTION OF NETWORKS

A large, complex network may be divided into subnetworks for
the purposes of analysis and design. The subnetworks are modeled as
two-port networks, interconnected to form the original network.

Three types of interconnection are: Series, Parallel and Cascade

Series

o} —
o—AA\N\NA
+

O |
———AAA
[
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Series connection

I I, I, I,
o o i ~aifp—
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Vip Ny Vb
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Series connection
For network Na,

\Y la

Vo = 221,110 + 722,152,

Zi1alia + 212410,

for network Nb

Vib = z1plip + 2125108
"TEE:-

Z1p11p + 2225101

Il — IL::' — Ilba IE — Ilﬂ — IEEJ

Vi=Vi.+ Vi = (2110 +710p)11 + (2120 + 2123) 12

Vo = Vo, + Vo, = (2214 + Z21p) 11 + (2224 + 2223) 12
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z parameters for the overall network are

£11 112 L11a T Z11p  ZL124 T Z12b
31 122 ZL21q T 2L21b £22q T Z222p |

2] = [z.] + [25]
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Parallel connection For network Na,
Ila Izﬁ'

- T - T
I, = }'11._-1‘*“ ta + V124 V24

- T -
Iy = v214V1e + V224 V2u

for network Nb

Liy =vi1sVip + V12V

L, =v21Vipb + V226 V2

Vi = Vi, =V, Vo=V =Vy

I, =1, + Lip, L =1L,+1y
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I = (Y11a + Y116) V1 + (V124 + Y126) V2
L = (Y21« + Y215) V1 + (Y224 + ¥226) V2
Thus, the y parameters for the overall network are
[}*’11 }*’12] . [}’nn + ¥Y1ip Yi2a t+ }’12&:-]
Va1 Y2 | | Yaia + Ya1p Yo2a + Yoob
or

l¥] = [¥a] + [¥s]
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Cascaded connection: The output of one network is the input of the
other network.

I L, L, I L I,
~l} - ~al} i}
O O O O O O
Vi Via Na v Vis Np Vab v
o o o o o o
Via L A, B, Vo,
i I la Ca D.-::' T IE-:': i
Vie| [As Bp|| Va
Ly Cp, Dp||—lop
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[Vl} _ | Via Voo | _ |V Voo | | V2
Il I la ! — IEH‘ I 1b ! — Izb | = IE
Vil [As Ba||Ay Bp|| V2
| |C, D,||C, D,||—-L
A B] [A., B,JA, B,
C D| |C, D,||C, D,

[T] — [Tﬂ' ] [Tf:r]
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Series connection

Parallel connection

2] = [z.] + [z)]

[¥] = [va] + [vs]

Cascaded connection

[T] = [Ta][Ts]
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P.11: Obtain z parameter presentation of the circuit in Fig.
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442 241 |
L1=1Z.1+]|Z,]= Q | S
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P.12: Obtain y parameter presentation of the circuit in Fig.

2 Q)
."'."'.IIIII."'.IIIII."'.llIII
. |
zzﬂ EQ§
| 7
AVAVAY l ATATAYA
1 Q 1 Q
2iq
Y
[Y]:[Ya]+[Yb]: 1 1 2 S
_ 1+ —
2 3 3
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P.13: Find the transmission parameters for the cascaded two-ports
shown in Fig.

1 Q 1 Q 1 Q 1 Q

1 Q 1 Q

® O O
7 12 €2
4SS 7 |
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P.14: Find the transmission parameters for the cascaded two-ports
shown in Fig.

4 €) 8 0 6 £
@ AVAVAVAY ATAVAYAY L ANNWVN—O
210 220
O &‘ T O
5 4471 6
[T] — [ u][Tf:r] — |:1 9] |:0 5 4]
[ 27 206
~|55S 42
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P.15: For the two-port in Fig.

Find:
(a) Va/ W
(¢) /Wi

4 Q)

+0

10V "

16 ©
| =2 0018
(b) I/I
(d) Vo/ I
Il IE
i =g
0
[h] Vs

O

(a) 0.2941, (b) —1.6, (c) 7.353 x 1073 S, (d) 40

7/26/2024
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P.16: Determine the Thevenin equivalent at the output port of the circuit

in Fig.
40 €
VWA—O —0O
h,; =1kQ
. hyy =-2
00V oy = 10
G |:|
Z, =51.460
V,, =—29.69V
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P.17: For the two-port circuit in Fig.

2l = {40 60 } 0
30 120

(a) Find Z; for maximum power transfer to the load.
(b) Calculate the maximum power delivered to the load.

10 Q2

120 V rms [Z]
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P.18: Obtain the 4 parameters of the two-port in Fig.

300 Q
AVAVAVAY
10 Q2 50 Q2
O—MWW—
+
V. <100 Q 10V,
O
_[85 0.25
h=|1475 0.0725
7/126/2024
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P.19: Determine Z, Y, h and T parameters

6 Q
MW

1 Q 4 €)

Vv, § 2 Q) <i> 5V,

T parameters

0.3235 1.176 Q)
0.02941 S 0.4706
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P.20: Determine T parameters through cascaded networks

4 Q) 6 Q

O ANN—TT 0 O
5.0 —_j30

O O

h parameters

(3.077 + j1.2821) Q  0.3846 — j0.2564
—0.3846 + j0.2564 (76.9 + 282.1)mS
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