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In many situations one is not interested in the internal organization of a

network. A description relating input and output variables may be
cufficiant

A two-port model is a description of a network that relates voltages and
currents
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‘ LEARNING

Study the basic types of two-port

modelspgmittance parameters

Impedance parameters
Hybrid parameters
Transmission

rmaramantAares

Understand how to convert one model into
another



ADMITTANCE

I
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Linear
Vi network V>

The network contains NO independent
The admittanéglﬁ'écl%smeters describe the currents in terms of the
It
v, deteftififes the current I =y V,+y,V, The first subindex
flowing into port 2 when the 7 — identifies
, J P . L=y +y0b; the output port. The
port is short -circuited and a

second
voltage is applied to port 1 the input port.
The computation of the parameters follows directly from the
definition
yo=a pip =1
11— 4, 12 =y,
4 V,=0 Vs V=0
I, I,
Yo =7 Yo =7
4 V,=0 Vs V=0




| LEARNING Find the admittance parameters for the

network
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Circuit used to determine y,,,y,,
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Circuit used to determine y,,,y,,

Vi-o %19 39% v, —1=

L=y Vi+y,,

I, =y, Vi + y,V,

|
I, :(1+5)V1:>.V11 =

-L=—-I1=1,=
2142 2
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3 12:3x5
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Next we show one use of this



Determine the current through

| An application of the admittance
S the

24)

4 Ohm resistor

I

2 ACD \'2

VWA

% L=y Vi+y,,
A\ Y 4 ()
. I, =y, Vi + y,V,

L=2Vi-2V,
1 5

I,=—2V +-V,

2 9 1 6 2
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The model plus the conditions at

the

ports are sufficient to determine Vo= EV

the e 2

otherygtol@blgjs;/ 3
2 27 V,=—[V]

] 5 1
O=—-V,+| -+ V- 2
2! (6 4)2 b {



‘ IMPEDANCE
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Linear
Vi network V>

The network contains NO independent
sources Vi=zud, + 251,
Vo =200, + 201,

The ‘z parameters’ can be derived in a manner similar to the Y
parameters

. .V
|} 21 = 4
1 1
- .V
12~ 5 2~
1211:0 I2II=()




| LEARNING Find the Z
parameters V = Iz

=z 1, +z2
I 20 20 I 1 = 4nd T 212

O——W—— o —+0 _

+ + Vy =20 + 21,

A\ == -j4 Q Vs _ 5 B &

3= 7 2 = 7
~ - 1= 11,=
O & O
. V v,

Write the loop I = I Ty = I
equations 211,= 211,=0

Vi=2I-jdl, + 1)
V,=j2I, - jal, + I,)

rearrangin

Vi=Q-Jjdl, - j41,
V, =—jaI, - j2I,

:>z11=2—j4Q z12:—j4Q
2y =—Jj4Q 2y =—J202



| LEARNING Use the Z parameters to find the current through

the 4 Ohm
resistor
10 I, 20 2o I
W—O—— W0
Vi=zul + 2,1,
12@v<i> \Y] = J4 Q V> %49 Vy =20 + 2501,

Output port

V, = 12400—(1)117

Vi=@2-jdl, - jal,

V,=—jaI, - j2I,

0=—j4l, +(4—-j2)I, x(3—j4)
12=0C-jdl, - jil, xj4

48j=(16+(4—j2)3—-j4)l, =1,=1.61,137.73°

Input port
constraint




‘ HYBRID

I I
O—> <0
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Linear
Vi network V>

The network contains NU independaent
sources

hy =—

hzz —

IZ
1

1,

Vs

V2:

11:

Vi=h I, +h,V,
I, =hy, I +h,V,

h, =short -circuit input impedance
O h, =o0pen -circuit reverse voltage gain
h,, =short -circuit forward current gain
o M, =open -circuit output admittance

These parameters are very common in modeling

transistors



LEARNING
"EXAMPLE network
ﬂgﬂ 30 I2
VW———— A
+ +
Vi %60 Vs
Iligﬂ 30 I2
VWM———— A
_|_
4 360 V,=0

Vi=(12+(6|3)1, = h, =14Q

6
12 :_ﬂll :>h21 - -

Find the hybrid parameters for the




‘ TRANSMISSION ABCD

I parameters

+

Linear
Vi1 network

)
\J

The network contains NO independent
sources

V,=AV,-BI,
I,=CV, - DI,
C:é A =open circuit voltage ratio
b B =negative short -circuit transfer impedance
p-_nh C =open -circuit transfer admittance
I, ., D =negative short -circuit current ratio




| LEARNING

parameters
Il 10 10
vW——a—~"~A
+
V1 -~ 1F

when I, =0

Jw

V, ] Vi=>A=1+jo
1+
Jjo
1 I
V,=—1 =-"1=jo
Jo Vs

Determine the transmission

B=—1
I2

when V, =0
1

12=—=’—“’111=—L,11 = D=1+ jo
I+ 1+ jo
Jo

4 {H(l || .1)}11 = {2“.’“’}[— 1+ jo)lt,
Jo 1+]CO

B=2+jo



‘ PARAMETER

If all parameters exist, they can be related by conventional algebraic

manipulations.

As an example consjder the relationship between Z and Y parameters
f/cll: znl}?Jf zlzﬁté

V=210 + 2551,

|
|:Vl}:|:zll z12:||:11}:>|:11:|:|:z11 z12:| |:Vl} :{J’u ylz}{ﬂ}
V, 21 2 | 1 I, A1 V, Yor Yo Vs

_1 .
{J’u y12:|_|:z11 z12j| _ 1 { %22 ZIZ}
Yor Y 21 Azl =% 2
with A, =z2,,25, — 25121,

In the following conversion table, the symbol A stands for the determinant of the

corresponding matrix

by hy,
h21 h22

311 ‘2 Jii 2

Vo1 Vo

AZ: 9AY: ’AH: 9AT:

41 < ¢C D

A B



TABLE 16.1 Two-port parameter conversion formulas

k Y
Z., Z. Ay Ay
Z,, Z,, —Ya &
i AY AY ol
o
AZ Az Yi Yo
gz ﬁ Yor Y2
1= AZ AZ et
Z, & Y2 __1
Z,, 21 Y2 Y2,
RUNNE —4y Vu
| Z,, Z,, | Yo Yo |
4z 2, 1 Ve
Z,, Z,, Vi Vi
BEC T O Vo Ay
| Z,, Z,, | L Vi Vi _|

Nl» AP




INTERCONNECTION OF

Interconnections permit the description of complex systems in terms of

simpler

The basic interconnections to be considered are: parallel, series
and cascade

ba PARALLEL: Voltages are the
Naq same.
Yila Y12a| 'V, Current of interconnection
Y21la Y22a iSzthe u OF ~rivrnnsc
0 The rules used to derive
models
for interconnection assume
N, ° that
each subsystem behaves in
Y11b Y12b the
Y21b Y22b
T I same manner be_fore and after
0 20 o the interconnection
}Via | Na } V2 T SERIES: Currents are the same.
Voltage of interconnection is the
Lip Db V2 sum
}Vip | N }Vap CL of voltages
Iga Ilb
i CASCADE:
V2a Vip Output of first
subsystem

acts as input for the



Parallel Interconnection: Description Using Y

Parameters
Ny
Y1la Y12a
Y2la Y22a Interconnection
description
{11} _ {J’n Y12 :||:V1:|
Np I, Yo Y|V
Y11b Y12b I1=YV
Y21b Y22b
1 V In a similar manner
I, :{ la :|9Va :{ la :|>Ya :{J’na yl2a:| ~1 =YV,
I,, Vs Vo1a  Voou I, =YV,

Interconne ction constraint s:

I=1,+1, =I1=Y)V, +YV,=X,+)V
V=V =V,

Vi=Vie=Vip, Va=Vy =V Y:Ya+Yb

L=I,+1, I,=1,+1,, =



Series interconnection using Z SERIES: Currents are the same.
______ e Voltage of interconnection is the
L4 I, sum

} Via | Na F V2 glstgr(l’peho n of each subsystem

v,=21,, V,=Z,1
Vl Ilb IZb V2 a‘a b b* b

}Vip | Np }Vop |

Y
NS

. ®)

Interconnection constraints Z = Z a + Z b
1,=1=1
V=V +V,

>V=ZI+ZI=(Z,+Z,)I



Cascade connection using transmission

parameters
o 11p CASCADE:
+ & Output of first
Voa Vip subsystem
R acts as input for the
X ) second
Interconnection constraints: I
IZa — _Ilb Vza - Vlb et
V=V, V,=V,
Vil [4 BV,
I,| |c D|-1,
_Vlb l _Ab Bb B Vzb ) Matrix multiplication does not
= commute.
Ilb Cb Db — 45y Order of the interconnection is

Jw L AL .
v (4. B BT,
c, D |c, D, |-I,

a a



| LEARNING

Find the Y parameters for the

network |
ki —F N
Ic
l AN © vVWA l <./ >
10 20 .
%19 T o0
¢ <\ 10
,  —J2
— 1 1
+ .
Vi—V,=-Jj2I, Yie=J=s Yia="J= 31 1 .1
Y A R 2 5777 (5”2
-~ - ;1 A=y 2 g
Mia = 77> Vaoa=J75 I fiis
2 2 (5 To) 575
1, 5
. W — e
102 Q Vi=21+1, 2 17" 13 -1
Vi V. Y. = -
| 10 V=143, b L 3} 5{—1 2}




| LEARNING Find the Z parameters of the
network

Use direct method,

or given the Y parameters transform
toZ

... or decompose the network in a

pr networks

Z=Z,+Z,=

20 Network
1L A
Ly
10 20
0
O
10
Network
B
(5-4j 5-2j
3-2j 3-2j
5-2j 5-6j
3-2j 3-2j



LEARNING Find the transmission

"EXAMPLE parameters
10 20 10
O—— W MWMW—— AM—0
T=1F T=1F

By splitting the 2-Ohm resistor, {A B} :{H‘Jw 2+].a)}
the network can be viewed as the ¢ D Jo 1+ jo
cascade connection of two
identical

t . . . .
ABT I+jo 2+ jo|l+jo 2+ jo
C D jo l1+jo| jo 1+jo

{A B} B (1+ja))2 +Q2+jo)jo A+ jo)2+ jo)+2+ jo)l+ jo)

C D| |jo(+jo)+(1+jo)jo) joQ+ jo)+(1+ jo)

{A B}{1+4ja)—2a)2 4+6ja)—20)2}

C D| | 2jo-20" 1+4jo-20°



