CHAPTER 18- TWO-PORT NETWORKS

——
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IMPEDANCE PARAMETERS

Problem 18.1 Determine the Z parameters for the following circuit.

1Q 1Q
o— \\\ AMN—e

=10

The solution for this problem is straightforward and involves a series of exciting the circuit with a
current source at both the input and the output and then measuring the voltage at the input and the
output.

€) To find zy; and z;;, consider the following circuit.

1Q 1Q
o—\\\, MN—e
+ +
r o
7, =t =1+1=2
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=1

V
By voltagedivison,  V, =11, and we then get z,, = |—2
1

(b) Tofind z,, and z;; we need to use the following circuit.

1Q 1Q
—\\\ MN—e
+ +
V4 § 1Q Vs, P
‘® r

%
2, =-2=1+1=2
2

V.
By voltagedivison, V; = 1l, andwethenget Zz,, =|—1 =1
2

o2 -1
=g, Zﬁn

Problem 18.2 [18.3] Determine the z parameters of the two-port circuitsin
Figure 18.1.
jQ ] Q
i -0 —
. | °
G § 10
% =10
. . Q4 § 1Q
(@ . .
(b)

Figure18.1
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€) Tofind z,, and z,,, consider the circuit in Fig. (c)
4 Q
_ | <o
I\

(D £ ta v,

[ ]
~
N2>

VvV, . .
211=|_:J”(1_J):j+1_
1

By current division,
j

=]l

o7 1)
V,=1,=]jl,
Vv
2y ==
1

Toget z,, and z,,, consider the circuit in Fig. (d)

|1:O -JQ
—) —EKL °
+
Vl § I2
(d)
V, .
Zy _|__1”(J =0
Vv, =jl,
VvV, .
Zy _I_—J
2
Thus,
j O

L+ |
[21= HJ OEQ
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(b) Tofind z,, and z,,, consider the circuit in Fig. (€).

JQ 'JQ |2:O

1Q

L (4 Vz
® L,

|
Jl

()

v, N
211___J+1+1”('J)_1+J+1Tj_1'5+10'5

Il
V, = (L5-j05)I,

V, _
z,,=—=15-j05

I 1
Toget z,, and z,,, consider the circuit in Fig. (f).

|1:O JQ -JQ

N ) e
' =
V., (T lo

(f)

\
Zp = =+1+1 () =15-j15
2

V, = (15-j05)I,

v
Z, = I—l =1.5-j0.5

2
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Thus,
M.5+j0.5 1.5-;0.50

2=/ 5_jos 15-j15

¢

ADMITTANCE PARAMETERS

Problem 18.3 Determinethe Y parameters for the following circuit.

U3 Q (13)Q
—/\\\, NMN\—e

§ (U3) Q

@ To find y1; and y,; we consider the circuit below.

L (W3Q (U3)Q
VW

Vi § (1/3) Q

@
| 1, 1

A EREEE 1,1
1% Hu3) + @3 3 6

P

2

Yu =

Fromthiswe seethat I, = 2V;, Inaddition, from current division we get

5 = —ﬂ| :—1|
w3)+@/3 + 2"
— |2 — _(1/2)|1 —_
2 T wa,
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(b) Thefollowing circuit will allow usto find y,, and y,.

w3 Q (U3 Ql,
Wy

I, S wya Vs

I, I, 1

< = = =2
Vv, CHL, D@33 1.1
2% H1/3) + W3 3 6

Yo =

I, = 2V, Inaddition, we can use current division to get |;.

R
! 13 +@W/3)H? 27

- Iy __(1/2)|2 -

0z -1
=g, 2%

Problem 18.4 [18.21] Find the y parametersfor the circuit in Figure 18.1.

Iy 40 I,
4——o0
+ +
Vi 0.1V, § 10Q Vs

Figure18.1
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Consider thecircuit in Fig. (a).

I, 4Q 5
AW -
() -
(@
L, _
VvV, =41, I y11=—=ﬂ=0.25
1 1

|
|,=201,=5V, . y,=-2=5

_71_
Consider the circuit in Fig. (b).
I, 4Q 5
—e——A— <
> O
(b)
41, =0.1v, [ y —I—l—EL—OOZS
1 ' 2 12 V2 4 '

Y |
|,=20l,+-2=05V,+01V, =06V, M vy,=-2=06

10 Vv,
Thus,
_ 0025 0.0250
MI=B5 o6 B°
Alternatively, from the given circuit,
V,=41,-01V,
l,=201,+0.1V,

Comparing these with the equations for the h parameters, show that
h, =4, h, =-0.1, h,, =20, h,, =0.1
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Using Table 18.1,

Yy == =025 yo =z 201 6005
11 hll 4 ) 12 u 4 )
_hy 20, _ A, _04+2
y21_h11 - 4 - y22_h11_ 4 -
as above.

¢

HYBRID PARAMETERS

Problem 18.5 [18.27]

Obtain the h and g parameters of the two-port network shown in
Figure 18.1.
300 Q
M\
10Q
—W\— —MN——
+
Figure18.1
Refer to Fig. (8) toget h,; and h, .
300 Q
M
10Q
— e MA— AN —
Al
(P =
(a
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At node 1,

=Y Vim0 g Sy 1
17100 300 LT X &
300
VXZT|1:75|1
Vl
But V,=10l,+V, =851, [ h11=|—=85£2
1
2750 300 5 300 5 ' 300 Y
|
h, =-—2=14.75
Il
Toget h,, and h,,, refer to Fig. (b).
3000
AN
I,=0 10Q 5
—>—A\NA— AN

+ +

Vi Vy § Vo

(b)

At node 2,

| —V2+V2+1OV* 0. 4001, =9V, +80V

27400 50 2702 x
But v, =20, V.

X400 2 4
Hence, 4001, =9V, +20V, =29V,

| 29
h,=—2=—=0.0725S
2V, 400
Vv V., 1
V1=Vx=72 . h12:V—1:Z:0.25

2

085 Q 025 O

N=B1475 0072558
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300 Q

() E 'z

(©

Toget g,, and g,,, refer to Fig. (c).

+
At node 1, I, = Vs + Vy +10V, M- 3501, =145V, 2
100 350
V.-V,
But I, = 10 M. 101, =V, -V,
or Vv, =V, -101, (3)

Substituting (3) into (2) gives
3501, =145V, -1451, (L 4951, =145V,

I, 145
gy =+ =-—=0.02929S

TV, 495

11
V, = (50) @ﬁvx @—mvx =-8.4286V/,

45
V, = -8.4286V, +84.2861 , = -8.4286V, + (84.286)é4L95D )

Y%
V,=-596V, I g,= V—2 =-5.96
1

Toget g,, and g,,, refer to Fig. (d).
300 Q

AN
10Q Y %'o

l1

(d)
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101100 = 9.091

_V,+10V, N Vv,
27 50 300+ 9.091
309.0911 , = 7.1818V, +61.818V, 4
9.091
But V., = V, = 0.02941V 5
) * = 300,001 ' 2 ©)

Substituting (5) into (4) gives
309.0911, =9V,

Vo
9, =—2=3434Q

P

VvV, 3434,

"o = 300,001 ~ 309.001

| _-1ooI _-34.341,
17110 ° (1.1)(309.091)

|
Oy, = l—l =-0.101
2

Thus,
[00.02929S -0.101 O

918 506 34340H
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¢

TRANSMISSION PARAMETERS

Problem 186  [18.41]

10

] Q

Obtain the t parameters for the network in Figure 18.1.

-13Q

— A

129% %iﬂ

—H—

Figure18.1

Toget a and C, consider the circuit in Fig. (a).

] Q

-13Q I,
|

1.=0 1Q
—> MA
+
Vi

w0 3

V, =1,(j-j3 =21,

V, =41,

\/ -j21
a=—2=122_5
V1 'le
I, 1
C=—"=—=]
V1 -]

(@
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Toget b and d, consider the circuit in Fig. (b).

] Q
Iy 1Q m -13Q I,
—— W |
[ [
EE (v
(b)
For mesh 1,
0=@2+j2I,-]jl,
I 1+
or 2= +.12:2—j
Iy J
d=—2=-2+]
Iy
For mesh 2,
szlz(j_j3)_j|1
V, =1,2-)Ci2) =jl, =(-2= 91,
b=—2=2+j5
Il
Thus,
t_[IZI]2 2+j50
[]_Hj -2+jH

¢

RELATIONSHIP BETWEEN PARAMETERS

Problem 18.7 [18.45] Prove that the g parameters can be obtained from the z
parameters as
1 _-Zy _Zy A

Ou=-— O = 21~ 2 =
Zy Zy Zy Zy
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For the z parameters

Vi=z,l,+2z,1, (1
V, =2yl +2,1, (2
From (1),
1 Z
|, =—V, - =% ©)
! Zy ! Z; 2

Substituting (3) into (2) gives
z Z,Z
V, —ivl +E22 _MH

z, © O z, O°
_Za,, A,
or V, ===V, +—=I, (4)
le le

Comparing (3) and (4) with the following equations
l, =0, Vit 0, l,
V,=0,V,+t0x1,

indicates that
1 _ Zy Zy Az

gll = ' 912 - ' ng = ! 922 =
le le le le

asrequired.

¢ 9

INTERCONNECTION OF NETWORKS

Problem 18.8 Connect two of the circuits from Problem 18.1 in series as shown bel ow.
Determine the z parameters.
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» Carefully DEFINE the problem.
Each component is labeled completely. The problemis clear if al that is being asked isto
find the z parameters.

» PRESENT everything you know about the problem.
Thisisbasicaly alinear circuit with resistors.

> Establish a set of ALTERNATIVE solutions and deter mine the one that promisesthe
greatest likelihood of success.
It isclear that all we need to do isto excite the circuit with a current source and make open
circuit measurements as we have done earlier in this chapter.

» ATTEMPT aproblem solution.
The first thing we need to do isto use circuit reductions to make our calculations easier. The

following circuits are reductions of the above. Please note that the two 1-ohm resistors arein
paralel.

10 10
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@ To find zy; and z,; requires the following circuit

10 10
—\\W\ VW\—e
+ +
I Vi < 250 Vs
X °
VvV, 1,1+2 VvV, 25l
le__l_u:S_S and 21:_2_i_25

(b) Thefollowing circuit can be used to generate z,, and z;».

1Q 1Q
o—\\\, MN—e
+ +
V, §2.59 Vs, P
® °
V, |,1+2.
222=—2=—2( 5)=3.5
|2 |2
V125
I2 |2

» EVALUATE thesolution and check for accuracy.

Our check for accuracy was successful.

» Hasthe problem been solved SATISFACTORILY? If so, present the solution; if not,
then returnto“ALTERNATIVE solutions’ and continue through the process again.
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This problem has been solved satisfactorily. However, aconcern israised asto why we
would want a circuit where some of the resistanceislost. So when you report the solution,
you should point out that this |ooks like something that needs further investigating.

Problem 18.9 Y our boss now comes back and asks you to connect the two circuits together
in series as shown in the following circuit.

Itis clear that the two circuits are connected by a short, which produces the
following circuit.

10 10
VW VW

=10
10 2

VW VW
10 10

The two 1-ohm resistors can be combined into a 2-ohm resistor and we have this
circuit
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AN AN
< 20

AN AN

10 10

€) To solve for z3; and zx, we use the following circuit.

1Q 1Q
— W\, W\—e
+ +
1Q 1Q

r AN MN—e ~

(b) We now use the following circuit to determine z,, and z;,.

10 10
—\\\, N\N—e
+ +

10 § 10 ?
—A\\N\ ANMN—e
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Z,y=——=—"—"7"—"°-=
|2 |2
VvV, 1,2

Z, =_1=-2"-2
|2 |2

Clearly thisisa different answer. We again take our results to the boss.

Problem 18.10 Our boss now asks us to determine how to successfully cascade, in series.

>

Carefully DEFINE the problem.
Now, after trying two different configurations, which, if either, is correct.

PRESENT everything you know about the problem.

Most of what we know is represented in the two previous problems and the fact that the two
circuits need to function in series. We look at some textbooks and find that when two circuits
are connected in series, the z parameters add.

Establish a set of ALTERNATIVE solutions and deter mine the onethat promisesthe
greatest likelihood of success.

The two previous problems represent two alternatives for connecting the circuits together.
Clearly one of theseis not correct. Thereisathird way of connecting the circuitsin series
and that is to connect the two tops together in the center. However, that resultsin a dead
short from the input to the output. Thisthenis not the answer. We could add the z
parameters together and see what we get.

ATTEMPT a problem solution.

@2 10 @& 2
4 = (e +2d = 202] = 2 %2
H B

EVALUATE the solution and check for accuracy.

Since this agrees with the solution from the second form of the circuit, it is clear that it is very
important how circuits are cascaded. It can be concluded from this that when two circuits are
cascaded in series, they each must have a common reference. Furthermore, when the circuits
are interconnected, their commons need to be connected together.
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» Hasthe problem been solved SATISFACTORILY? If so, present the solution; if not,
then returnto “ALTERNATIVE solutions’ and continue through the process again.

This problem has been solved satisfactorily and the results will be presented to the boss..

Problem 18.11 Using two circuits identical to the onein problem 18.3, connect themin
parallel so that the outputs and inputs are connected as shown in the following figure.

3)Q (U3)Q
M—— W\
MA——W
w3a L W3)eZ w3e
(1/3) Q

Now, calculate the y parameters for this circuit. Our work is made easier if we reduce the
circuit through circuit reduction techniques. Since all of the resistors have the same
value, we can treat them asif they are in parallel with each other. Thisgivesthe
following equivalent circuit.

AN AN
Ue)Q | (16)Q
(1/6) Q

@ The following circuit is used to calculate y1; and y2;.

L (UQ (U6 Q
AN

Vi S wea 4,
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Yu 7 (1/6)(1/6) EJr
% %1/6)+(1/6)% 12D
Since, V, =(/4)l, and |, =~ 1/6()116()1/6) @1 :—%Il

1, -2,
Ya v, @4,

(b) The following circuit will help us solve for y,, and yi».

M
1 §(1/3)Q Vs
L
y —|_2— I, —4
27V, (1/6)(1/6) i
|2% (1/6)+(1/6)E %Hz@
(1/6) 1

SreeVe = W L =g g T 2"

—@W2)I,
v, (@4,

2
Iy] = H‘Z 4%
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Problem 18.12 Using the circuit in Problem 18.3, connect two of them in parallel so that the
top of oneisdirectly connected to the bottom of the other as shown in the following circuit.

w3Q (13Q
AN AN
= w30

(13) Q §
AN AN

U3 Q (U3 Q

Calculate the y parameters for this circuit.

Our job will be easier if wefirst reduce the circuit using circuit reduction techniques. It
isimmediately clear that the input is directly connected to the output by two shorts. This
produces the circuit below.

§ (16) Q

o) — 00
This produces a set of y parameters equal to [y] = Iﬁ_ % This makes
(o0 o)

sense since the short circuit conditions with ideal voltage sources creates infinite currents.

Problem 18.13 Using the circuit from Problem 18.3, determine the proper manner of
connecting two of these circuitsin parallel. Our textbookstell usthat if we connect circuits
together in paralld, their y matrices add. Thus,

02 -10 04 -20

[y]=[yl]+[y1]=2[y1]=2Erl ZEZ%Z 4%

Clearly thefirst attempt at combining two circuitsin parallel (Problem 18.11) produces
the above results. Again, it does make a difference how circuits are cascaded. In this case, both
circuits must have a common and those commons are to be joined together in order for the
cascaded circuit to work.
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COMPUTING TWO-PORT PARAMETERSUSING PSPICE

Problem 18.14 [18.69]

Using PSpice, find the transmission parameters for the network
in Figure 18.1.

=
=

Figure18.1

V I
(@ Since A = 1 and C = >

2

, We open-circuit the output port and let V,; = 1
1,=0 211,=0

V. The schematic is as shown below. After smulation, we obtain

A =1V, = 107143 = 14
C = 1)V, = 1.0/0.7143 = 14
R1 714.29mV
—AA,
1
1.000A R? R3
1V —— 1 1
— 2 R5 ?1 2 R4
|v2 § | GAIN=0.5
’__
» G l
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(b) To get B and D, we short-circuit the output port and let V,; = 1. The schematic is shown
below. After smulating the circuit, we obtain

B = -V, = -1/1.25 = 038
D = -i/l, = -2.25/1.25 = -1.8

BO Mm4 -0.80

A
= pH H4 -16H

Thus

R1

—\

1
2.250A R R3
f@ A —YY
v L 1 j :

©

2 LR5 G1 2 L R4
.Tvz % ¥ @ GAIN=05 = T1.250A

~0

APPLICATIONS

Problem 18.15 [18.81]
transfer function

H(s) =

Design an LC ladder network to realize alowpass filter with

1
s* +2.613s® +3.414s” +2.613s+1

Thisis afourth-order network which can be realized with the network shownin Fig. (a).

Ly Ls
Co7 o § 1Q
[ 4 (a) A d
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A(s) = (s* +3.414s% +1) + (2.613s* + 2.613s)

1

2.613s® +2.613s
s*+3.414s +1

+
1 2.613s® + 2.613s

H(s) =

which indicates that

1

Yo =5 6135 + 2.613s
_ s'+3414s+1

Y2 =5 6135° + 2.613s

We seek to realize y ,,. By long division,

— 0.38%+ 2.414s* +1 —sC 4y
Yoo =0 2613s° + 26135 o4 A
ie C.=0383F ad  y, = 244"+l
€ a =" A~ 26135° +2.6135
asshownin Fig. (b).
L Ls |
P, — .
Ya | = LN
(b) Y22

1 _26135° +2.6135
Y, 24148 +1

Z, =

By long division,

1.531s
Z,=1082s+————=slL,+Z
A 24145 +1 T 7P

_ 1531s
l.e., L3 =1.082H and ZB :m
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asshownin Fig. (c).

LT
| 00—~ .
Ze | T | S
(©
Y —i—1577s+ =sC, +—
Bz, 7 1531s ~ % sl
ie, C,=1577F and L, =1.531H
Thus, the network is shown in Fig. (d).
1531 H 1.082 H

«—0000——0000"

3|
y)

M
H
o}

157/7F =~

(d)
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