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Chapter 19, Problem 1.

Obtain the z parameters for the network in Fig. 19.65.

1Q 4Q
O—WW AW O
6Q 2Q
o o}

Figure 19.65
For Prob. 19.1 and 19.28.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Solution 1.
To get z,, and z,,, consider the circuit in Fig. (a).

1Q 4Q L=0
+ L, +
Il CT) V1 § VZ
(@
\%
z“:I—l:l+6||(4+2):4Q
1
1
I,=51, vV, =21, =1,
Vg
Z21—I =
1

To get z,, and z,,, consider the circuit in Fig. (b).

=0 1Q 4Q
A — W .
+ ’ +
. NG
(b)
VZ
122:1—:2||(4+6):1.667Q
2
I = 2 I —11 V, =61 '=1
0_2+102_62’ 1= o~ 2
Vl
zlzzl—:lQ
2
f4 1
Hence, [z]=L1 1667JQ

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Problem 2.

* Find the impedance parameter equivalent of the network in Fig. 19.66.

1Q 10 e 1Q
Figure 19.66

For Prob. 19.2.

* An asterisk indicates a challenging problem.

Chapter 19, Solution 2.

Consider the circuit in Fig. (a) to get z,, and z,,.

1Q I, 1Q 1Q 1Q L=0
——\W———W\ MV . MN—<—

+ 0 +
I CT) Vi § § V,

—WW\ W\ VW
10 10 10

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior

written permission of the publisher, or used beyond the limited distribution to teachers and educators

permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.




zn=11=2+1||[2+1||(2+1)]

1

3) (1)(11/4) 11
=2+1||| 2+ =2+ =2+—=2.733
Zn= ey ”( "4 1+11/4 15
I——1, =1
° T 143 ° 4°°
LI S
© 141147 15!
I 1 i1 L
° 415" 15!
1

V2=IOZEL

vV, 1
Zu =7, =15l =0.06667

To get z,,, consider the circuit in Fig. (b).

=0 1Q 1Q 1Q 1Q
——\W\ M\ M\ AMN\—e——
+ +
vi = = A
. M\ M\ M\ MN—e——

1Q 1Q 1Q 1Q

(b)
V2
z,, :I—:2+1||(2+1||3):z11 =2.733

Thus,
[ 2733 0.06667 |

21=| 006667 2733

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Problem 3.

Find the z parameters of the circuit in Fig. 19.67.

4Q -j10Q

5
j6Q
Figure 19.67
For Prob. 19.3.

Chapter 19, Solution 3.
Z, = j6= Zy

,-72,=4 — 7,=7,+4=4+]j6Q
Z,-7,=—j10 —> 7,,=27,—-j10=-]J4Q

{4+j6 j6} {4+j6 j6}
[z]=| . Q=] . )
j6 -4 6 —j4

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Problem 4.

Calculate the z parameters for the circuit in Fig. 19.68.
j10Q

o AN o)
%129 ——-j5Q
o

O

Figure 19.68
For Prob. 19.4.

Chapter 19, Solution 4.
Transform the I'T network to a T network.

7, Z;

— 1

]

_ (12l j120
PU12410-35 12435

- §60
2712435
, __50
T2+ 55

The z parameters are

[j60)(12- i5
_GO02-33) _ 205 496

Fo = ta =8 =405

~(j120012- j5)

z2,=2,+z,= 169 +z, =1.775+j4.26

_ (50)(12 - j5)

Z,=2L,+2, = 169 +2z, =1.7758~35.739

Thus,
[ 1.775+j4.26 -1.775- j4.26 |

2= 1 775-j426 1.775-j5.739

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
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Chapter 19, Problem 5.

Obtain the z parameters for the network in Fig. 19.69 as functions of s.

10 1H
—AVWWN— T —7F—0
1Q = 1F = 1F
O O

Figure 19.69
For Prob. 19.5.

Chapter 19, Solution 5.
Consider the circuit in Fig. (a).

1 _

+

YO

AY

Jl

=
-

NS

| i)
- — [ 1+s+—
1 N N s+t
z, =1 |[|1+s+—|= [l 1+s+—|=
s S 1 S 1 1
1+ —— |+ 145+
S s+1 S
B s?+s+1
T 087 43541
1 1 S
[ Hiy [ - s+1 - s+1 I
° T R 1T s !
| —4+1+s+— ——+14+s+- ——+s" +s+1
S S s+1 S s+1
I . S
st +28? +3s+1
1 I
V. ==-1 = 1
2 s % 4282 43s+1
vV, 1

2, =—=
I, s+28"+3s+1
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Consider the circuit in Fig. (b).

=0 1 s
+ +
Vi § ™ 1/s ~ V2 CT)
(b)
—&——H(H +1||l)——||(1+ +—j
£n = I, s ° s/ > 1
L) s
s+ l+s+——
s s+1 s+1
Z,, 1 =
“tl+s+——  l+s+sP+
S S s+1
B s? +2s+2
T2 T 08 43541
Z, =12,
Hence,

[ s24s+1 1 ]
I s +2s2+3s+1 s +2s7+3s+1 I
[ 1 st +2s+2 J

s 4+2s2+3s+1 s> +2s*+3s+1
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Chapter 19, Problem 6.

Compute the z parameters of the circuit in Fig. 19.70.

Figure 19.70
For Prob. 19.6 and 19.73.

Chapter 19, Solution 6.

To find z1; and z,; , consider the circuit below.

11 5 Q 1 OQ 411 12:0

Vi
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_ Vi _(20+5)],

11
Il Il

vo=§—(5)vl:20|1

=25Q

V4L 4V, =0 ——  V, =V, +41, =201, +41, =24,

2, =Y22240

1
To find z1; and zy,, consider the circuit below.

[=0 5Q 10Q2 41, I

V, = (10+20)1, =301,

Z,, :\%:30 Q
1
V, =201,
z, —£=2O Q
|2
Thus,

25 20
Z]= Q
24 30
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Chapter 19, Problem 7.

Calculate the impedance-parameter equivalent of the circuit in Fig. 19.71.

20Q 100 Q

Vx S 50Q 60 Q

12v,

O O

Figure 19.71
For Prob. 19.7 and 19.80.

Chapter 19, Solution 7.

To get z;; and z;, we consider the circuit below.

12:0
L 00 100Q —
+
+ +
Vx 50Q 60 Q

e v
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Vi-Vy Ve, Yy t12V, v, 40

20 50 160 X121 !
I Vi Vi ( Ly — gz, :ﬁzzg,gg
20 121 20 I
13V 5T, _ 57,40 57 40 20x121
Vs = 60(-X) 12V, =—2Ly, = 2L (yy = 2L (2
2 ( ) 2 Vi 2 (121) 1 2 (121)

=-70. 3711 —> Z31 = \I] =-70.37
1

To get z;» and z;,, we consider the circuit below.

I
=0 .20 AU -
+
+ +
Vy 500 60 Q

) - Ov.

+
1 12

VX=—50 Vy = Vs, I2=VZ Y+ 2V =0.09V;

100 + 50 3 150 60
Zy) =&=1/0.09=11.11

I

1 11.11
V1:V :sz 2712—370412 —_ Z1> :%:3704
2

Thus,
{ 29.88 3.704}

“1-7037 11.11
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Chapter 19, Problem 8.

Find the z parameters of the two-port in Fig. 19.72.

j4Q
—]Q.Q SQ
o 1 v/-\v ANV o
L] [ ]
j6Q i8Q
10 Q
O O

Figure 19.72
For Prob. 19.8.

Chapter 19, Solution 8.
To get z;; and z,;, consider the circuit below.

14Q

|
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V1=(10—j2+j6)11 —_—> 2112%2104—_].4
1

V2 2—1011—j411 —_—> Z7 :%:—(10+j4)
1

To get 7y, and z;,, consider the circuit below.

Vo=05+10+38), —— 2z =%=15+j8
2

Vl =—(10+j4)12 —> Z12 =%=—(10+j4)
2

Thus,

{ 10+ j4) —(10+j4)}
z] = ] ) Q
—-(10+34) (15+38)
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Chapter 19, Problem 9.

The y parameters of a network are:

v]= {0.5 - o.z}

-02 04

Determine the z parameters for the network.

Chapter 19, Solution 9.

y 0.4
2, = A—Z; =016 2.5, AY =YY, —Y.Y;, =05x0.4-0.2x0.2=0.16
z, = Yy, _ 02 =1.25=1z2,,
Ay 0.16
2, =Yu_ 05 3455
Ay 16

Thus,

25 125 25 125
[z]= Q Q
1.25 3.125 1.25 3.125
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Chapter 19, Problem 10.

Construct a two-port that realizes each of the following z parameters.

[]_'25 20

@) “Z1s 10
o

®) [2]=] €
- 2S+-—
LS S

Chapter 19, Solution 10.

(a) This is a non-reciprocal circuit so that the two-port looks like the one
shown in Figs. (a) and (b).

I; 711 V4% I,

+ +
Vi AR b < < V,
(a)

I, 25Q 10 Q I,

+ +
Vi 200, < < V,
(b)
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(b) This is a reciprocal network and the two-port look like the one shown in

Figs. (¢) and (d).
I, Z11 — 712 2 — 112 I,
+ +
" ] "
(c)
2 1
Z, -2, 1+—=1+E
Zy,—Z, =28
1
z, :g
I, 1Q 05F 2H I,
——W\—¢ T ——
AN
+ +
Vi ™ V,

(d)
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Chapter 19, Problem 11.

Determine a two-port network that is represented by the following z parameters:

[Z]:{6+j3 S—jZ}Q

5.2 8]

Chapter 19, Solution 11.

This is a reciprocal network, as shown below. .
145 34 10 50 jrQ

VA VAN 20 W4 VA NIV Z Ve N

20
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Chapter 19, Problem 12.

For the circuit shown in Fig. 19.73, let

10 -6
== 4 1

Find I ,1,,V,,and V,.

I I
20 L 2
+ +

3A 40 \'f 2] v, 10Q

Figure 19.73
For Prob. 19.12.
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Chapter 19, Solution 12.

V, =101, -6l, (1)
V, =—41, +12l, )
V, =-10l, 3)

If we convert the current source to a voltage source, that portion of the circuit becomes
what is shown below.

40 20 I;
—1
+
Vi
12
124614V, =0  —— V,=12-6l, )

Substituting (3) and (4) into (1) and (2), we get

12-61 =101, 61, —— 12=16l,-6l, (5)
~101, =—41, +121, ——> 0=-41,+221, —> | ,=55I, (6)

From (5) and (6),

12=881,-61, =821, —— 1,=0.1463 A
|, =5.51, =0.8049 A
V, =-101, =-1.463 V
V,=12-6l,=7.1706 V
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Chapter 19, Problem 13.

Determine the average power delivered to Z, =5+ j4 in the network of Fig. 19.74.
Note: The voltage is rms.

10 Q

z;;=40Q

. 21,=60Q
0LV 2, =80Q 2

237=100Q

Figure 19.74
For Prob. 19.13.

Chapter 19, Solution 13.

Consider the circuit as shown below.

10Q 1, b
—>
+
+
50£0° Vi [z]
V, 7y
V, =401, +60l, (1)
V, =80l +100l, (2)
V, =-1,Z, =-1,(5+ j4) 3)
50=V,+10, —— V,=50-10l 4
Substituting (4) in (1)

50-10l, =40l,+60l, ——> 5=5+6l, (5)
Substituting (3) into (2),
-1,(5+j4)=80l,+100l, @—— 0=280l,+@@05+ j4), (6)

Solving (5) and (6) gives
L=-7.423+j3.299 A
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We can check the answer using MATLAB.

First we need to rewrite equations 1-4 as follows,

1 0 —40 —-607V, 0
0 1 —80 —100 |V, 0
01 0 5+j4|1 0
10 10 o0 |1, 50

>> A=[1,0,-40,-60;0,1,-80,-100;0,1,0,(5+41);1,0,10,0]

A=
1.0e+002 *
0.0100 0 -0.4000 -0.6000
0 0.0100 -0.8000 -1.0000
0 0.0100 0 0.0500 + 0.04001
0.0100 0 0.1000 0
>>U=[0,0;0;50]
U =
0
0
0
50
>> X=inv(A)*U
X =
-49.0722 +39.5876i

50.3093 +13.19591
9.9072 - 3.9588i
-7.4227 + 3.2990i

P =5 =329.9 W.
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Chapter 19, Problem 14.

For the two-port network shown in Fig. 19.75, show that at the output terminals,

_ 2,7,
L, =12y-
Z
Z,+ L
and
Z
Vo, 2L Vs
z, +71,
Z, I, I,
s - -
+ +
T -
v, v, 'wo-port v, 7,
network

Figure 19.75
For Prob. 19.14 and 19.41.

Chapter 19, Solution 14.

To find Z., , consider the circuit in Fig. (a).

I] IZ
+
wl ] v @
(a)
Vi=z, 1, +z,1, (1)
V,=z, 1, +z,1, ()
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But

v, =1, V,=-Z1,
Hence 0=(z, +Z)T, +2,1, —> T, =—22
> 11 s 1 12 =2 1 le_i_Zs 2
-7, 2
l=|—"—*+z jl
(Z11+ZS 22 2
1 Z, Z
7. -2 _ _Infn
L T T 2
To find V,, , consider the circuit in Fig. (b).
Zs I L=0
+ +
J’_
Vs C_) Vi V2=Vm
d ————e
(b)
12:0, V1=VS_IIZS

\%
V-172Z=z,1 —> 1 = :
s 1 s 11 +1 1 Z11+ZS
z, V,
V =7 =
2 21 *1 Z11+ZS
V _ Z21‘75
Th 2=
Z,+7Z,
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Chapter 19, Problem 15.

For the two-port circuit in Fig. 19.76,
40 60
z)= Q
80 120
(a) Find Z, for maximum power transfer to the load.
(b) Calculate the maximum power delivered to the load.

10 Q

120 V rms [z] Zr

Figure 19.76
For Prob. 19.15.

Chapter 19, Solution 15.

(a) From Prob. 18.12,

212221 —120— 80x60 — 24

Z =7 — =
Th 2+ Z, 40 +10
ZL:ZTh :24Q
Z21 80
b) Vi = V. = 120) =192
(®) Vi 211+ 2, 20510029

2
v
Py =| —0— | Ry, =42x24 =384W
2Ry,
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Chapter 19, Problem 16.

For the circuit in Fig. 19.77, at @ =2rad/s, z,,=10Q, z,,=z,,= j6Q, z,,=4Q . Obtain
the Thevenin equivalent circuit at terminals a-b and calculate v, .

5Q a

+

15 cos 2t V (z] 2HS Y,
b

Figure 19.77
For Prob. 19.16.
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Chapter 19, Solution 16.

As a reciprocal two-port, the given circuit can be represented as shown in Fig. (a).

50 10-j6Q  4-j6Q

— W\ ——{
ssarv () 8

(a) b

At terminals a-b,
2, =(4-j6)+j6| (5+10-j6)
jo(d5-jo)

Zy, =4- o+

4—-36+2.4+ 6
Z, =64Q

j6

V, =—3 (15/0°) = j6= 6£90°V
™54 10- g6 0L =10=02907V

The Thevenin equivalent circuit is shown in Fig. (b).

6.4 Q
W\

6£90° V Cf) v

(b)

=)

From this,
__ M
° " 6.4+]

(j6) = 3.18.2148°

v, (t) = 3.18cos(2t + 148°) V
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Chapter 19, Problem 17.

* Determine the z and y parameters for the circuit in Fig. 19.78.

4Q
o o)
2Q
8Q
o NV O
6 Q

Figure 19.78
For Prob. 19.17.

* An asterisk indicates a challenging problem.
Chapter 19, Solution 17.

To obtain z,, and z,,, consider the circuit in Fig. (a).

4Q I, =0

In this case, the 4-Q2 and 8-Q2 resistors are in series, since the same current, I, passes

through them. Similarly, the 2-Q and 6-Q resistors are in series, since the same current,
I, passes through them.

Vv _ _a2)®) _
z,=—=04+8)]|(2+6)=12|8= =48Q
I, 20
I = 8 | —31 I ==1
°Tg4+12 5! o 5!
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But -V, =41, +21, =0

. -8 6 -2
V,=-41_ +2I, 2?11 +§II :?I1
Va2l 040
Z,,=—F—=—=-0.
21 I1 5
To get z,, and z,,, consider the circuit in Fig. (b).
=0 4Q
—»> AN .
+ +
: P (D
. AN o
6 Q
(b)
Y. _6l14= 00D _
Zn =7 =(4+2)|8+6)=6]14= 20 =42Q
2

Z,=12, =-04Q

Thus,
[ 48 -0.4]

(2= Jo4 42

We may take advantage of Table 18.1 to get [y] from [z].
A, =(4.8)(4.2)-(0.4)> =20

_Zﬁ_ﬂ_ozl y _&_%:002
"TA, 200 PTA, 200
z, 04 z, 438
YZI—A—Z—2—0=002 Y22_A_Z_2_0:024

Thus,
[0.21 0.02]

¥1=] 002 0.24]5
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Chapter 19, Problem 18.

Calculate the y parameters for the two-port in Fig. 19.79.

6 Q 3Q
O—WW AW O
6 Q 3Q
o O

Figure 19.79
For Prob. 19.18 and 19.37.

Chapter 19, Solution 18.

To get y,, and y,,, consider the circuit in Fig.(a).

I, 6 Q 3Q I,
—— W\ M < .
+
() = = e
(a)
V, = (6+6]|3)I, =8I,
_L 1
yll_Vl_8
-6 2V, -V,
L=——1,=—"-'=
6+3 3 8 12
_L -1
2=y T2
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To get y,, and y,,, consider the circuit in Fig.(b).

I, 6 Q I, 3Q I,
———\W\ +—\W\ +
+
Vi=o = =
(b)
L 1 _1 1
Y27V, T3G+6ll6) 316 2
- =1, =1
o2 ° 3+6 7 3°
-1, (-1I1 ) Vv,
I = =\ — - =
=6 el )12
|

Thus,
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Chapter 19, Problem 19.

Find the y parameters of the two-port in Fig. 19.80 in terms of s.

1Q
O O
= 1F 1H
O O
1Q
Figure 19.80

For Prob. 19.19.

Chapter 19, Solution 19.

Consider the circuit in Fig.(a) for calculating y,, and y,,.

v =

1 —
AN .
(a)
V1=(l||2j11‘ s = :
s 2+(/s) ' 2s+1 !
I, 2s+1
y”—vl—T=S+0.5

_ (‘l/s) I = '11 :'Vl
> (s)y+271 2s+1 2
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To get y,, and y,,, refer to the circuit in Fig.(b).

A}:

_ 1
. MA
(b)
V,=G6[2)I, = +212
2V, 2 s
-8 -s s+2 -V,
Ts+2 2 s42 28 2 2
y =I—1:-05
12 V2

Thus,
[s+05 -05 ]

Y= o5 05+
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Chapter 19, Problem 20.

Find the y parameters for the circuit in Fig. 19.81.
3

X

—
2Q
o AN o)
I
4Q§ 6Q
o o

Figure 19.81
For Prob. 19.20.

Chapter 19, Solution 20.

To get yi; and y,;, consider the circuit below.

3ix
I 20 L
_’ 4—
. bk
I, A\ 40 6Q2 V, =0

Since 6-ohm resistor is short-circuited, iy, =0

1
Vl =Il(4//2)=§11 e Y11 =—1=075
6 Vi

4 2 6 1 I,
L= 1 =-2CV)=—=V, — =2-05
2= 50 3(8 1) oV ¥21
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To get y»» and y)», consider the circuit below.

31y
I; 20
—

, -
V]ZO 40 6Q Vz Iz
. V, . . vV, 'V, I,
,=—, L=1-3,+—==— — =—==—=0.1667
X 6 2 X X 2 6 Y22 V2

\p) L
L[ =31, —==0 2 =—=0
1 X > Y12 Vv,

o[0T 0 g
=105 0.1667
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Chapter 19, Problem 21.

Obtain the admittance parameter equivalent circuit of the two-port in Fig. 19.82.

0.2V,
O —— O
+ +
\A 5Q 10Q v,
o °

Figure 19.82
For Prob. 19.21.

Chapter 19, Solution 21.

To get y,, and y,,, refer to Fig. (a).

0.2V,
I Vi I
-»> —> e
+
V1 § 10 Q2 § V2=0
(a)
Atnode 1,
Vl Il
I,=—+02V,=04V, —> y, =—=04
5 V,
I,
I,=-02V, —> y, =-—>=-02
V1
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To get y,, and y,,, refer to the circuit in Fig. (b).

0.2V,
Ly, I,
> —>

+

vi-o = 100 Cf)

(b)

{k

Since V, =0, the dependent current source can be replaced with an open circuit.

I, 1
Vv, =101, — yzzzv—z:E:O.l
Il
y12=V—2=0
Thus,
[04 0]

Y= 02 01]%

Consequently, the y parameter equivalent circuit is shown in Fig. (¢).

I] IZ

» d
» <«

vi = ! = v

()

®

[}

®
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Chapter 19, Problem 22.

Obtain the y parameters of the two-port network in Fig. 19.83.

—_— 5Q -

O O
+ +
A\ 5Q 0.5V, 20V,
o o

Figure 19.83
For Prob. 19.22.
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Chapter 19, Solution 22.
To obtain y;; and y»;, consider the circuit below.

S «— Db

I, 50 l 0.5V, £ 2Q | V=0

[ 2
V=51 — =1=-=-"=04
1 > Yu V, 5
1
b=t > yu=2 2 =02
2 1 21 " 25,

To obtain yj, and y»2, consider the circuit below.

_h, AR .

+

5Q 0.5V, EZQ \%! I,

V]ZO

At the top node, KCL gives
VvV, V. I

L =05V, +-2%+-2=12V, —— Vy,,=-2=12
2 2 2 5 2 22 V2
I——ﬁ——OZV — Yy —l—l——02
1 5 2 12 V2
Hence,
04 -0.2
[y]_[o.z 1.2}
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Chapter 19, Problem 23.

(a) Find the y parameters of the two-port in Fig. 19.84.
(b) Determine V, (s) for v, = 2u(t)V.

,,,,,,,,,,,,,,,,,,,,,,

Figure 19.84
For Prob. 19.23.

Chapter 19, Solution 23.

(a)
-Y12 =1/(1//lj=1+8 E— YI2=_(S+1)
S

yi1+yn2 =1 — yj=l-yp=Il+s+1=s+2

1 1 s% +s+1
yutyi=s — Yn=.7Yn =g+s+1=T

s+2 —(s+1)

[y] sZ +s+1

- —(s+1)
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(b) Consider the network below.

I] I2
~ 1 ~ _> 4—
+ + +
[y]

Vi=I1+VjorVs- V=1, (1)
V, =-21, (2)
L =yuVi1+y12Va (3)
L=y Vi +yV2 4)

From (1) and (3)
Vi=-Vi=yiiVi+yaVa  — Vi=(0+y1DVi +y12V2 (5)

From (2) and (4),

1
05V =y \Vi+ynVa, —— Vi= —y—(0-5 +yn)Va  (6)
21
Substituting (6) into (5),

_(+y1)05+y7)

Y21

=£ V- 2/s

; [yu = yss yzz)}

Vs = Vo +y12Va

Y21

2/s 0.8(s+1)
Vs 1 | s24st1) (+185+12)
s“+1.8s+1.
D)+ ——(l+s+2) 42> sy
s+1 2

S
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Chapter 19, Problem 24.

Find the resistive circuit that represents these y parameters:

1

1
|2 4
[y]—l
4

3
8

Chapter 19, Solution 24.

Since this is a reciprocal network, a IT network is appropriate, as shown below.

=

(@)

1/4'S 40
VW

1/4s§ § > 4Q§ §

=

(b) (c)
1 1 1
Y1:Y11+Y12:E_Zzzsa Z,=4Q
1
Y2=—y12=zs, Z,=4Q
31 1
Y3ZY22+Y21:§_Z:§Sa Z,=8Q
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Chapter 19, Problem 25.

Draw the two-port network that has the following y parameters:

[ 1 -05 q
yl= -0.5 1.5

Chapter 19, Solution 25.

This is a reciprocal network and is shown below.

0.5S

0.5S 1S
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Chapter 19, Problem 26.
Calculate [y] for the two-port in Fig. 19.85.

40
2v,
2Q
O—AW ~ o
+
V.21Q
O O

Figure 19.85
For Prob. 19.26.

Chapter 19, Solution 26.

To get y,, and y,,, consider the circuit in Fig. (a).

4Q
M
2Q 1 2 I,
'\/\/\, — <+—e
+ 2V, *
Vl ng V2=0
(@)
Atnode 1,
V, -V V. V
X 42V =2+ —5 2V, =-V, (1)
2 1 4
But oYV ViV ey Lo_is
u = = =1. y =—=1].
1 2 2 1 11 \]1
VX
Also, I, + 4 =2V, — I,=175V_=-3.5V,
|
Y21=_2=‘35
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To get y,, and y,,, consider the circuit in Fig.(b).
4Q

(b)
At node 2,
V2 B Vx
I,=2V +— (2)
4
Atnode 1,
VZ - Vx Vx Vx
2V _+ 1 = + :rz\g — V,=-V, 3)

Substituting (3) into (2) gives
1
I,=2V, _EVX =15V _=-15V,

1
Y22:_2:'15

2

'Vx Vz I1
I = T o > Y12:V_2:05

Thus,

[ 1.5 0.51S

¥1=| .35 -15]
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Chapter 19, Problem 27.

Find the y parameters for the circuit in Fig. 19.86.

201, 10Q V,

Figure 19.86
For Prob. 19.27.

Chapter 19, Solution 27.

Consider the circuit in Fig. (a).

I, 4Q I,
» '\/\/\, < oS
+
V] 0.1 Vz < l § V2=0
(@)
V =41, — Lob oo
= = == =
1 1 Yu vV, 41,
I,
I,=20I,=5V, —> vy, =—=5

1
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Consider the circuit in Fig. (b).

I, 4Q I,
+
Vi=0 0.1 V2< l § CD
(b)
I, o1
41,201V, —— ¥, =1=",-=0025
2
2 I2
I,=201,+-2=05V,+0.1V, =06V, —> y,=-2=0.6
2
Thus,
[0.25 0.025]
[y]_L 5 0.6

Alternatively, from the given circuit,
V,=41,-0.1V,
I,=201,+0.1V,

Comparing these with the equations for the h parameters show that
h, 6 =4, h,=-0.1, h, =20, h,, =0.1

Using Table 18.1,

Ll gas S 0L s
y“_h“_4_ ) Yi2 h,, T4 T

by 20 A 0402
yZl h11 - 4 Y y22 hll - 4 -

as above.
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Chapter 19, Problem 28.

In the circuit of Fig. 19.65, the input port is connected to a 1-A dc current source.
Calculate the power dissipated by the 2 -Q resistor by using the y parameters. Confirm
your result by direct circuit analysis.

Chapter 19, Solution 28.

We obtain y,, and y,, by considering the circuit in Fig.(a).

1Q 4Q I
D
+ +
Il V1 § § V2—0
(@
Z =1+6|4=34
S L g2
YII VI_Z - Y

-6 -6V, -6
L=—1I =7~ = Vi

10 10A3.4)" 34
L -6 a6
YaTy T3

To get y,, and y,,, consider the circuit in Fig. (b).

I, 1Q 4Q I,
—e——W AM— .
+ +
e 22w
\ 4 (b) \ 4
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Lzzn(4+6||1):2||(4+§]:M:£:&

Yo 7 2+(34/7) 24 1,
24

Yo =73 = 0.7059

=22 - 1,-op Ly

b7 ° 24(34/7) 7 48 % 34 7

=%y, y L0 51765

3402 2V, 34

Thus,
[ 02941 -0.1765]

1= 01765 0.7059 |

The equivalent circuit is shown in Fig. (c). After transforming the current source to a
voltage source, we have the circuit in Fig. (d).

6/34 S

VW
NN = =

(c)

85Q 5.667Q

MA—W\

8.5V C) § §

< +

(d)

(2]1.889)8.5) _ (0971485 _

T 211.889+8.5+5.667 0.9714+14.167

P=—=—"—"""=0.1487 W
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Chapter 19, Problem 29.
In the bridge circuit of Fig. 19.87, |, =10 A and |, =—4A

(a) Find V, and V, using Yy parameters.
(b) -Confirm the results in part (a) by direct circuit analysis.

3Q

3Q 3Q

%Y
+ +

Il V] 1Q VZ 12

Figure 19.87
For Prob. 19.29.

Chapter 19, Solution 29.

(a) Transforming the A subnetwork to Y gives the circuit in Fig. (a).

1Q Vv, 1Q
m@v 2 W@

It is easy to get the z parameters
Z,=2, =2, z,=1+2=3, z,=3

A,=2,,2,-2,2,,=9-4=5

Z,, 3 -z, -2
Yu=" ==Y Yo=Y = A :?

z z
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Thus, the equivalent circuit is as shown in Fig. (b).

I, 2/5 S I,
o > AN <«
+ +
10A Vi § 1/58S § \Z
(b)
3 2
I, =lO:ng—§V2 —> 50=3V, -2V, (1)

- 3
I, :'4:?Vl +§V2 —> -20=-2V, +3V,

10=V,-1.5V, —— V, =10+1.5V, (2)
Substituting (2) into (1),
50=30+4.5V,-2V, —— V, =8V

V,=10+1.5V, =22V

(b) For direct circuit analysis, consider the circuit in Fig. (a).

For the main non-reference node,

VO
10-4=—> — V_ =12

2

Vl_Vo
0=—"——" — V,=10+V,=22V

VZ_VO
4= — > V,=V,-4=8V

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Problem 30.

Find the h parameters for the networks in Fig. 19.88.
40 Q 100

60 Q 20 Q
(@) (b)

Figure 19.88
For Prob. 19.30.

Chapter 19, Solution 30.

(a) Convert to z parameters; then, convert to h parameters using Table 18.1.
Z,,=Z,=2, =000, z,, =100Q

A, =12, 2, —12,, 2, =6000-3600 = 2400

h, =——f=""_ h,=—2-—_-06
Tz, 100 ’ 27, 100
A h. ———— 001
21_Z22 S 22_Z22_.
Thus,
[240Q 06 ]

[h] _L -0.6 0.01S

(b) Similarly,
z,,=30Q Z,=2, =17, =200

A, =600-400 =200

200 20
hHZEZIO h12:%:1
1
h, =-1 h,, =50 = 0.05
Thus,
. f[10@ 1
[ ]_L -1 0.05S
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Chapter 19, Problem 31.

Determine the hybrid parameters for the network in Fig. 19.89.

Figure 19.89
For Prob. 19.31.

Chapter 19, Solution 31.

We get h,, and h,, by considering the circuit in Fig. (a).

1Q Vs 2Q Vv, 1Q I,
L AWy A\ ——r
+
D = 4
(a)
Atnode 1,
V3 V3_V4
11:7+T —> 2I,=2V,-V, (1)
At node 2,
u+4ll:£
1
&8I, =-V,+3V, —— 161, =-2V,+6V, (2)
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Adding (1) and (2),
181, =5V, —— YV, =361,
V, =3V, =8I, =238I,
V, =V, +1, =338I,

V1
h,=—=38Q
Il
T V4 Iz
L=—"=-36, — hy=1"=-36
1

To get h,, and h,,, refer to the circuit in Fig. (b). The dependent current source can be
replaced by an open circuit since 41, =0.

I, 1Q 2Q 1Q I,
——AN\N, AN ANN—<—e-
+
i = ¢ @

(b)
2 v 2v o h =Yg

24241 7507 Py,

A v — > h L 028
= = T = —— =

224241 5 2V,

Thus,

. [380Q 0.4 |

[h]= -3.6 028
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Chapter 19, Problem 32.

Find the h and g parameters of the two-port network in Fig. 19.90 as functions of's.

: L.

Figure 19.90
For Prob. 19.32.
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Chapter 19, Solution 32.
(a) We obtain h,, and h,, by referring to the circuit in Fig. (a).

1 s s I,
—— MO0 ———
+ +
Il CT) V1 -~ Vz = 0
° @ °

1 S
V, =(1+S+5Hg]11 =(l+s+sz+l]l1

Vv, S
h11:—1=s+1+s2+1
By current division,
I - -1/sI=-I1 D :I_2: -1
2 os+lfs T s+l I st+1

To get h,, and h,, refer to Fig. (b).
Il =0 1

S
——— A — G0 —— 00—
+

VI O

A
J1

(b)
1s v, R A
= = H = =
osHls P st 41 v, s?+1
1 I, 1 S

Thus,

|_
|

S
L s?+1 sz+lJ
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(b)  Togetg, and g,,, refer to Fig. (c).

AT
+
v, Cf) = Vv,
(c)
I, 1 S

1
V, =1 -, — =—= =
: (+S+sj ! B V, l+s+l/s s?+s+l

NS COR 7 v, 1
2 14s+1s ' stas+l B = V, s?+s+1
To get g,, and g,,, refer to Fig. (d).
I, 1 S S I,
R Y S D
+ +
V1=0 ™~ Vz(T)
(d
v ( 1 (541 jl ( (s+1)/s ]I
=ls+—|(s+ =|s+—"—
2 =37 G+DJL =(s 1+s+1/s)*
vV, s+1
=—=S+
82 I, ST rst1
_-lfs -1 L -
olas+ls 7 s 4s+] g12_12 s +s+1
Thus,
sl
_| sP+s+1l st+s+1
[el=| " 7 s+1 |
Ls2+s+1 S +s+1J
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Chapter 19, Problem 33.

Obtain the h parameters for the two-port of Fig. 19.91.

4Q Jj6Q
o 211N o
5Q = —j3Q
o o)

Figure 19.91
For Prob. 19.33.
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Chapter 19, Solution 33.

To get h;; and hyy, consider the circuit below.

40 60 I,
YN «
+
30 +
I] V] 50 VzZO
5(4 + _]6)11 Vl

V) = 5//(4+j6)]; = hyy =+ =3.0769+ j1.2821

1

AISO, IZ = - > Il > h21 = I—Z =-0.3846 + J02564

9+ j6 I

To get hy, and hj,, consider the circuit below.

40 60 I
I, N —
+ +
30 +
Vl 50 <> Vz
Vi = > —V; > hyp = & = > — =0.3846 - j0.2564
9+i6 Vo, 9+36
hon = 12 1 . 9+j3
Vo= —BAO+iO, — 2 Ny —BIO+j6) —PBO+i6)
= 0.0769 + 0.2821

Thus,
h= 3.077+j1.2821  0.3846 —j0.2564
1 -0.3846 + j0.2564 0.0769 + j0.2821
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Chapter 19, Problem 34.
Obtain the h and g parameters of the two-port in Fig. 19.92.

300 Q

10Q 50Q

V. 2100Q 10V,

Figure 19.92
For Prob. 19.34.

Chapter 19, Solution 34.

Refer to Fig. (a) to get h;, and h,,.

300 Q
M
10 Q2 50 Q 2
M .
+ 4L
V2=0
(a)
Atnode 1,
o N0 g Say (1)
= + =
100 300 ! *
300
VXZTIIZ7SII
Vl
But V,=10I,+V, =851, ——> h,=--=85Q
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At node 2,

OOV, Ve YV TS TS g
27 50 300 5 300 5 ' 300" M
I2
h21:_:14.75
I1

To get h,, and h,, refer to Fig. (b).

300 Q
AW\
;=0 10Q 50 Q 2 I,
——\WA— 1 MV <
+ +
_l’_
W vz < O
(b)
At node 2,
v, [V, 10V, — 5 4001, =9V, +80V
= + =
27400 50 2 2 x
But y 00, Y,
u “T 400 2 4
Hence, 4001, =9V, +20V, =29V,
h —1—2—2—007253
2V, 400
VI:VX:TZ — hlzzv—izzzozs

[85Q 025 |

[h] = L 14.75 0.0725S J
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To get g,, and g,,, refer to Fig. (c).

300 Q
MA
I, 10Q 50 Q 5 | L=0
——AW— 1 — W
+ +
V1 Ct) Vx § < V2
(©
Atnode 1,
[ = Yt 10V, 3501, =145V 2)
=—4 —> =14.
" 100 350 ! *
Vl _Vx
But I = 10 —> 10, =V, -V,
or V., =V, -10I, 3)

Substituting (3) into (2) gives
3501, =14.5V, -1451, —— 4951, =145V,
I, 145

At node 2,

11
V, = (50)(ﬁvxj—1ovx = -8.4286V,

— -8.4286V, +84.2861, =-8.4286V, + (84_286)(24;;)\,1

v,
V,=-596V, — g, = v - -5.96
1
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To get g,, and g,,, refer to Fig. (d).

300 Q
MN
p 1o yvh 500 1D
—e—>—\\\—— MN
+ + +
W O WD
(d)
10(/100 = 9.091
V, +10V, v,
I, = +
50 300+9.091
309.0911, = 7.1818V, +61.818 V. 4)
But _ OOl G 502041V 5
Y x7309.091 2 2 )

Substituting (5) into (4) gives

309.0911, =9V,

V2
gn =75 =34340
2
V, 34341,

L =309.091 = 309.001

-100 -34.341,
L=T9l= (1.1)(309.091)
g = L _ o101
12 12 .
Thus,
[ 0.02929S -0.101 |
[g]=

-5.96 34.34 Q
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Chapter 19, Problem 35.

Determine the h parameters for the network in Fig. 19.93.

1Q 4Q
1:2

O O

Figure 19.93
For Prob. 19.35.
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Chapter 19, Solution 35.
To get h,, and h,, consider the circuit in Fig. (a).

1Q 1:2 4 Q I,
—AW\, — AN
+ o o +
I1 V1 %"% V2=0
(a)
4 4
Vl
Vi=(+DI =21, — h,;=+=20
1
L_ N — 5 h : s
R = - = = = -
I2 Nl 2 1 2

To get h,, and h,,, refer to Fig. (b).

=0 1Q 1:2 4 Q I,
——, AM——

+ [ ] [ ]
Vi || (;)
) (b)

Since I, =0, I,=0.
Hence, h,, =0.

At the terminals of the transformer, we have V, and V, which are related as

V, N, 1
=—=n=2 E— h12=—=—=05
vV, N, vV, 2
Thus,
[2Q 05]
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Chapter 19, Problem 36.

For the two-port in Fig. 19.94,

160 3
[h][ 2 001}
-2 0.01S

Find:

@V,/V, () 1,/
© LN, @V,/1,

10V v, [h] vV, 225Q

Figure 19.94
For Prob. 19.36.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Solution 36.

We replace the two-port by its equivalent circuit as shown below.

4Q 160 21, L
— VW —e——\W\— - e
+ +
10V Cf) 4 3Vz< | = V) §
100(|25=20Q
V, = (20)(21,) = 401, (1)

104201, +3V, =0
10 = 201, + (3)(401,) = 1401,

.. v %0
' 14”7 214
136
V, =161, 43V, ==
100 8
2‘(@)( 1)—%
V, 40
—2 = —=0.2941
@ ¥ =13
I
by “Z=-1.
1
(c) L _1 7.353%x107 S
—=————= /. X
“ v, T 136
V, 40
d —F=—=40Q
@ 1 —
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Chapter 19, Problem 37.

The input port of the circuit in Fig. 19.79 is connected to a 10-V dc voltage source while
the output port is terminated by a 5-Q resistor. Find the voltage across the 5-€Q resistor
by using h parameters of the circuit. Confirm your result by using direct circuit analysis.

Chapter 19, Solution 37.

(a) We first obtain the h parameters. To get h,, and h,, refer to Fig. (a).
6 Q 3Q I,
— W WA —
+ +
I CT) Vi § § V=0
()
316=2
\4
V,=(6+2)I, =81, —> h“:I—:8Q
1
L h, ==
= = H - — = —
> 3+6 ' 37! o1 3
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To get h,, and h,, refer to the circuit in Fig.

(b).

=0 6Q 30 I,
e AW -
+
vi = =
(b)
3||9—2
4
I, 4
V,="1, > hy,=7"=3
, 9
6 2 vV, 2
Vlzmvzzgvz —_— h12=—2=§
2 ]
|r8Q §|
[h]:|_2 4S|
5 98]

The equivalent circuit of the given circuit is shown in Fig. (c).

I, 8Q

— > AN—

10V Cf) 23V, <

(c)
2
8I, +=V, =10
3
vo=2i[s12)= 21 (£)- 2,
230! ||4 3129/ 29!
29
Ilzﬁvz

(1)

2)
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Substituting (2) into (1),

29 2
®)| 5 V23 V2 =10

3
300
V,=—7=119V
> 252

(b) By direct analysis, refer to Fig.(d).

6Q 30
MW M .
N

10V <f> § § \ §
(d) )

10
Transform the 10-V voltage source to a ?_A current source. Since

6|l 6 =3 Q, we combine the two 6-Q resistors in parallel and transform

10
the current source back to v x3 =15V voltage source shown in Fig. (e).

3Q 3Q
MA MN—e
+
5V V, §
(e)
3)(5) 15
3|5="F—=—
| g 2
\% __198 5= ~1.1905 v
2_6+15/8()_63_'—
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Chapter 19, Problem 38.

The h parameters of the two-port of Fig. 19.95 are:

6000 0.04
[h]=
30 2mS

Giventhe Z, =2kQ and Z, =400Q), find Z,, and Z .

ZS
+ +
v, Villm |V z
S
y .

in out

Figure 19.95
For Prob. 19.38.

Chapter 19, Solution 38.
From eq. (19.75),

hoMeRe MR _ o 0-04x30x400

Z,=h,—————=h, = - 3 =333.33Q
1+h.R, 1+h,R, 1+2x107 x400
From eq. (19.79),
R, +h, R, +h, 2,000+ 600

Z, = = = - =650 O
(R, +h)h,, —h.h, (R,+h)h,—h,h, 2600x2x10~ —30x0.04

re’ 'fe
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Chapter 19, Problem 39.

Obtain the g parameters for the wye circuit of Fig. 19.96.

Figure 19.96
For Prob. 19.39.
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Chapter 19, Solution 39.

We obtain g;; and g;; using the circuit below.

I1 Rl R3 12:()

Vi

Vl

=2
1+R2

By voltage division,
V, = R,
R +R,

We obtain g, and g;; using the circuit below.

V
V BN =2 _
1 g21 V1

By current division,

R, I, R,
Il:_R 1, > Qp=7=-
,+R, l, R +R,
Also,
RR V RR
V,=1(R,+R /R)=1| R, +—2 =—2=R, +—12
2 2 (R, 1 ,) 2( 3 R1+R2J 9., 3 3 R+R,
_ 1 ___ R
&1l R1+R2’g12 R1+R2
R, RiR;
=— =R 4+ —
221 R] -I-Rz g22 3 Rl +R2
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Chapter 19, Problem 40.

Find the g parameters for the circuit in Fig. 19.97.

-j6 Q2 jloQ
o— |

12Q

O O

Figure 19.97
For Prob. 19.40.
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Chapter 19, Solution 40.
To get g,, and g,,, consider the circuit in Fig. (a).

I, -j6 Q i10Q  1,=90

(O = v

1
Vi=(12=J0L — g ==y = 0.0667+ 00333
1

v, 121
BTV, Ta-jer, 22—

To get g,, and g,,, consider the circuit in Fig. (b).

Il ']6Q IIOQ Iz
B/
+
NG
(b)
o2y g b 12 o804
'T12-j6 2 LTI, T 12-j6 B

V, =(l0+12 | 4j6)1,

vV,  (12)(-6) .
2104+ 0443520
g22 12 .] + 12 _ J6 + J
[0.0667 + j0.0333S  -0.8—j0.4 |
1= 810 244520
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Chapter 19, Problem 41.

For the two-port in Fig. 19.75, show that

I_z __ — 8y

I, g.Z +Ag

A\ _ g2,

V, (l+g11Zs)(g22 +ZL)_g21g12Zs

where A is the determinant of [g] matrix.
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Chapter 19, Solution 41.

For the g parameters

But

or

I =¢g,V,+g,1, (1)
V,=g,Vi+gn 1L, (2)
V, =V, -1, Z, and

V,=-1,Z, =g, V,+g,1,
0=g,V,+(g, +Z,)I,
'(gzz +ZL)I

V, =
g2

2

Substituting this into (1),

or

Also,

But

_ (8,8,+7Z,.8,—8,81) I
-8
I, -2

L g, ZL+Ag

I1

2

V,=¢g,(V,-1,Z)+g,1,

=g, V. 81Z]1,+g,1,
=g, V.+Z,(g,Z, +Ag)12 +8, 1,

R'A
V,=¢,V.-[8.2,Z, +A,Z +g, ]LZ_J
L

VZ[ZL +g11 Zs ZL+Ag Zs +g22]

ZL =8, Vs
&: 2,7,
Vo Z,+¢,L,Z +A,Z +g,
&: 8,74,
V. Z,+¢,L,Z, +¢,,8,2,-¢,8,Z,+8y,
v, gnZ,

Ve, (+8,Z)8n+7Z,)—8,8uZ,
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Chapter 19, Problem 42.

The h parameters of a two-port device are given by
h,,= 6000, h,=10"", h, =120, h,=2x10"°S

Draw a circuit model of the device including the value of each element.

Chapter 19, Solution 42.

With the help of Fig. 19.20, we obtain the circuit model below.

L 600 Q L
_’ <_
+ +
A\ 10°Vv, /+ l 1201, 500kQ  V,
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Chapter 19, Problem 43.

Find the transmission parameters for the single-element two-port networks in Fig. 19.98.
z

o— o

(a) (b)
Figure 19.98
For Prob. 19.43.
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Chapter 19, Solution 43.

(a) To find A and C, consider the network in Fig. (a).

I,

(a)
V,=V, —> miiﬂ
I, =0 C L 0
= ——) = — =
1 ‘/2

(b)
vV, =271, I, =-1
B -V, B -Z11, B
Iz 'Il
p=_ti_,
= I =
Hence,
. (1 7]
[]—L0 1J
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(b) To find A and C, consider the circuit in Fig. (¢).

Il IZ
+
O
(©)
V=V, —> A=—=
2
1
V,=21,=V, —> C=—"=7=Y
, Z
To get B and D, refer to the circuit in Fig.(d).
I,
+ +
D[] v
(d)
V,=V,=0 I, =-1,
'V1 '11
B=—=0, D=—2=1

[1 0]
H1=LY 1J
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Chapter 19, Problem 44.

Determine the transmission parameters of the circuit in Fig. 19.99.

Jj15Q
2112
-j10Q  —j20Q
I I
© I I ©
200
O O

Figure 19.99
For Prob. 19.44.

Chapter 19, Solution 44.

To determine A and C, consider the circuit in Fig.(a).

I, ji15Q
———0000———
L -i10 Q -i20Q | L=0
| |
- I el e
I, L N
v () v
(a)
V) =[20+(-j10) | (15— 2011,
G105 [ 107
V =20+ ", =[20—i— [I
1 i + -_]15 J 1 L ] 3J |
I, =1,
Io: i Ilz(zj I1
-j10—35 3
V, =(20)I, +201," = _j?11+2011 - (20_j?j11
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V,  (20-jl0/3)I,

A= v 20 = 0.7692 +j0.3461
2 (20 - j3jl1
I, 1 .
C=—-= — 0" 0.03461 +j0.023
Va0
3
To find B and D, consider the circuit in Fig. (b).
j15Q
W
I, -j10 Q -j20 Q I,
S |C _ <«
g I\ I\ o
+
v =
(b)
We may transform the A subnetwork to a T as shown in Fig. (c).
_ (19610
' 15— 10— 20
_(G10Gj20) _ .40
2= 15 73
i15)(-20
1960
-j15
I, jloQ j20 Q I,
—— 0 ————
+
Vl |::| Vz =0

(©)
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~20-j40/3 3-p
2T 20-j40/3+20 1 3+ !

i
D=""=""9 _05385+0.6923
I, 3-j2 !

(j20)(20 — j40/3) |

V, =| jlo
0 0 a0/3+ 20 |1
V, =[j10+209+ DL, = I, (24— jl8)
V-1 (24-18) 6 ,
B=—"=—"71" =—(-15+j55
L~ -G-2), [3C15+59)
3+ !

B =-6.923+j25.385Q2

(T] = 0.7692 + j0.3461 -6.923 + j25.385 Q2
| 0.03461+ j0.023S  0.5385+ j0.6923
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Chapter 19, Problem 45.

Find the ABCD parameters for the circuit in Fig. 19.100.

20
o |

40

Figure 19.100
For Prob. 19.45.
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Chapter 19, Solution 45.

To determine A and C, consider the circuit below.

L 20 I, =0
b, =0
| | N

Vi 4Q
\%!

Vi=@-j2), V=4l

A:ﬁz%zl—jo.s

C:I—1:I—1:0.25
Vv, 4l

2 1
To determine B and D, consider the circuit below.

I; | -2 Q I

The 4-Q resistor is short-circuited. Hence,

L=—, D=-1-1

|2

V,=—j2l=j2l, B=--1=-222-_2j0
A B] [1-j05 -j2] [1-jo.5 -j20
C D| |0258 1 0.25S 1
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Chapter 19, Problem 46.

Find the transmission parameters for the circuit in Fig. 19.101.

1Q 1Q
O—AMW o
p
2Q b> a1
O O

Figure 19.101
For Prob. 19.46.

Chapter 19, Solution 46.
To get A and C, refer to the circuit in Fig.(a).

I, 1Q 1Q 2 I,

A

——\W\ W\

=
®
=<
—>

(@)
Atnode 1,
Vo VO_V2
I, = > + ] —> 21, =3V, -2V,
At node 2,
V, -V, 4V,
—=41_= =2V, — V_ =-V,
1 2
From (1) and (2),
21,=-5V, ——» C=—1=—"=258
2
Vl_Vo
But Ilzf=V1+V2

225V, =V,+V, —> V, =35V,

\4
A=_—=-35
v,

(1)

2)
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To get B and D, consider the circuit in Fig. (b).

I, 1Q 1 1Q 2 I,
AW\ —
+] +
4 <f> v, i V=0
(b)
Atnode 1,
VO 0
="+ — 21,=3V, 3)
At node 2,
VO
I, +T+4Ix =0
-I,=V, +2V =0 — 1,=-3V, 4)
Adding (3) and (4),
21, +1,=0 —> I, =-0.5I, (5)
-1,
D=—=05
IZ
Vl _Vo
But I, = " —> V, =1L +V, (6)
Substituting (5) and (4) into (6),
-1 -1 -5
V, 2512 +?12 ?12
-V,
B=—=—-=0.8333Q
IZ
Thus,
T [ -35 0.8333Q]
[ ]_L-z.ss -0.5
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Chapter 19, Problem 47.

Obtain the ABCD parameters for the network in Fig. 19.102.

1Q 4Q

] O

Figure 19.102
For Prob. 19.47.

Chapter 19, Solution 47.

To get A and C, consider the circuit below.

6Q
I 1Q 40 1,=0
_> /\ /\ 4_
+ + + +
Vi 2Q 5Vi Vs
Vi
V= Vi Ve, Vx =9V > V=11V,
1 2 10
Vi
V, =4(-04V,)+5V, =34V, —— A =V—=1.1/3.4: 0.3235
2

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior

written permission of the publisher, or used beyond the limited distribution to teachers and educators

permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.




Vl -V Il

L, = X =10V, -V, =01V, —— C:V—:0.1/3.4:O.O2941
2
To get B and D, consider the circuit below.
6Q
I, 1Q 40 I
ov
+ + + +
Vi 20 5Vy V=0
VO
- V. 10
VicVe Ve Ve oy 10y "
1 6 2 6
5Vy V 17
I = X _ X = —_V 2
T4 6 120 % @
Vi =1 +Vy 3)
From (1) and (3)
II:Vl—VX:iVX — D:—I—lzi(g):0.4706
6 I, 617
BZ_EZE(E):U%
I, 617

1] - 0.3235 1.176
~10.02941  0.4706
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Chapter 19, Problem 48.

For a two-port, let A=4, B=30Q, C=0.1 S, and D = 1.5. Calculate the input
impedance, Z,, =V, /I, when:

(a) the output terminals are short-circuited,
(b) the output port is open-circuited,
(c) the output port is terminated by a 10-Q load.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Solution 48.
(a) Refer to the circuit below.

I] IZ

WO | m L

V, =4V, -301, (1)
I,=01V, -1, )

When the output terminals are shorted, V, =0.
So, (1) and (2) become

V, =-301, and I, =-1,
Hence,

(b) When the output terminals are open-circuited, I, = 0.
So, (1) and (2) become

V, =4V,
I, =0.1V, or V, =101,
V, =401,
Vl
Z,=—=40Q

(c) When the output port is terminated by a 10-Q load, V, =-101, .
So, (1) and (2) become
V, =-401, -30I, =-701,
I,=-1,-1, =-2I,

V, =351,
Vl
Z,=—=35
, ——
ernatively, we may use Z,, = CZ, +D
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Chapter 19, Problem 49.

Using impedances in the s domain, obtain the transmission parameters for the circuit in

Fig. 19.103.

|
© \

O O

Figure 19.103
For Prob. 19.49.

Chapter 19, Solution 49.
To get A and C, refer to the circuit in Fig.(a).

I, 1/s L=
N |C - °
> IC D
+
w(f) = = = V)
(@)
gl Us 1
”s_1+1/s_s+1
_L)s
2 s+1 s !
11
7+7
Vi s s+1_2s+1
A:—: =
V2 1 S
s+1

V_I( 1 j (1 1 j—l( 1 j (25+1J
P s +1 | s s+l s | s(s+1)
(1 )(2s+1j

s+1) s(s+1) 2s+1

I 2s+1  (s+1)(3s+1)

+
s+1 s(s+1)

Vi
Il
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2s+1

But Vo=V,
q & 2s+1 B 2s+1
enee, I, s (s+D(3s+1)

Vy,  (+DGs+1)
Il S

C=

To get B and D, consider the circuit in Fig. (b).

I, 1/s I,
> | < .
+
+ i €1
Vi <_> § b b § V=0
(b)
\% —1(1 ! l)—1(1 ij— L
-1
[ s+l ' -8
: I 1 2s+1°"
s+1 s
-1, 2s+1 1
D:_:—: —"—_
I, S s
I -
! 2s+1j12:_2 g Vi_1
2s+1 -S -S I, s
Thus,
2s+1 1
[T]= y
(s+1)3s+1) 2+l
S S
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Chapter 19, Problem 50.

Derive the s-domain expression for the t parameters of the circuit in Fig. 19.104.

2Q 1H
o 11 '}

N

O O

Figure 19.104
For Prob. 19.50.
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Chapter 19, Solution 50.
To get a and ¢, consider the circuit below.
11:0 2 S Iz

AN YL
+

V] 1 _4/s <> Vz

=Sy oty a=V%/=1+0.2552
s+4/s SZ+4 1

V, =(s+4/s)l, or

LoV _(1+0.255%)V; b  5+0.258°
27 544/s s+4/s \ $2 44

v

To get b and d, consider the circuit below.
I] 2 S Iz

—* AN Yy

+

—4/s 2 gy 0ss

[ =—°
24452 542 I

_(s2+2s+4)I

4
Vo =(s+2//9)],
S s+2
> b:—ﬁ:0.552+s+2

__(s2+2s+4)(s+2)I
s+2 2 ! L

025> +1 0.5s% +s+2

[t]=1]0.25s2 +s
s?+4
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Chapter 19, Problem 51.

Obtain the t parameters for the network in Fig. 19.105.

j1Q

TEgE .

O O

Figure 19.105
For Prob. 19.51.

Chapter 19, Solution 51.

To get a and c, consider the circuit in Fig. (a).

jQ
=0 1Q /) -3
— AW [
+ [ ] [ ]
Z pof 5 @
) (a)

vV, =41,

_V, _-igl
Vl 'jlz
I, 1

c=_=_=J
VvV, -]
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To get b and d, consider the circuit in Fig. (b).

iQ
I 1Q -3 Q I
1 m JI 2
+ [} [}
veo  pag g O
(b)
For mesh 1,
0=(1+j2)I - jl,
I, 1+32
or 2= ,J =2-]
1 J
-1
=—2=—2+J
Il
For mesh 2,
V,=1,(-33)-]L,
V,=1,2-)2)-j1, =(-2- 51,
-V, _
b=—"=2+35
Il
Thus,
[2 2+j5]

9705 a4
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Chapter 19, Problem 52.

(a) For the T network in Fig. 19.106, show that the h parameters are:
R2 R3 RZ

h =R +———, h,=——*—
TR +R3 2 R, +R,
R 1
h21=_R—2> hzzz—
,+R; R, + R,
R, R3
R2
O O

Figure 19.106
For Prob. 19.52.

(b) For the same network, show that the transmission parameters are:

A:1+&, B:R3+&(R2+R3)
R
2 2
R
CzL, D=1+—
R2 RZ

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Solution 52.

It is easy to find the z parameters and then transform these to h parameters and T
parameters.

[R,+R, R, |
[21=| R2+R3J

2

Az = (Rl +R2)(R2 + Rs)_ Rg
=R1R2 +R2R3 -|-R3R1

|F A, zi—I |FR1R2 +R,R, +R R, R, 1|
| Zy Zy | R, +R, R, +R,
(@  [h=| 2 LH R, L
L Z, Zy { R, +R,; R, +R3J
Thus,
h,=R R,R, h R, h h !

= +— = == =
11 1 R2+R3 > 12 R2+R3 21> 22 R2+R3

|Fz¢ AZT| er1+R2 R1R2+R2R3+R3RJ|
2y Zy R, R,
R _H T RoR J|
Z, Z, R, R,
Hence,
A=1+—", B=R,+—(R,+R;), C=—, D=1+_"
2 2 2 2

as required.
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Chapter 19, Problem 53.

Through derivation, express the z parameters in terms of the ABCD parameters.

Chapter 19, Solution 53.

For the z parameters,

Vi=z,1,+z,1, (1)
V,=z,1,+2,1, (2)
For ABCD parameters,
V,=AV,-BI, 3)
I,=CV,-DI, (4)
From (4),
I, D
V, = C + C I, (5)
Comparing (2) and (5),
1 D
Zy C’ Zy = C

Substituting (5) into (3),

A AD )
I2

VI:—II+(——B

C C
A AD-BC
:EI1 WLTI2 (6)
Comparing (6) and (1),
A _AD-BC_A,
Z, = C z, = C = C
Thus,
A Ay
- |C C
[Z] 1D
C C
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Chapter 19, Problem 54.

Show that the transmission parameters of a two-port may be obtained from the y
parameters as:

A=Yz B:_L
Yo Yo
Cz—i D= Yu
Yo Yo

Chapter 19, Solution 54.

For the y parameters

L=y, Vi+ty, V, (1)
L=y, Vity,V, ()
From (2),
V, = 2 22 2
Yo Yau
- 1
or V, = Yo V,+—I, (3)
Yo Yo

Substituting (3) into (1) gives

I = e V,+y, V, +h12
21 21
-A
or I, =—>"V, +ﬂ12 4)
21 Yo

Comparing (3) and (4) with the following equations

V,=AV, -BI,
I,=CV,-DI,
clearly shows that
A=-y_22’ B=i, C=-Ay’ D='Y_11
y21 y21 y21 y21

as required.
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Chapter 19, Problem S55.

Prove that the g parameters can be obtained from the z parameters as

1 z
_ _ oz,
8= 5 8=
z, Z,
Z,, A,
g7 > g»
z, z

Chapter 19, Solution 55.

For the z parameters

Vi=z, 1, +z,1, (1)
V,=z, 1, +z,1, ()
From (1),
_ L Zy
I =—V,-—1, 3)
z, z,

Substituting (3) into (2) gives

Z Z, 7
_Zy nZp
V, = Vi+lzy - jlz

11 Z,
Z21 Az
or V,=—"=V, + . I, 4)
1 11

Comparing (3) and (4) with the following equations
I =g,Vi+g, 1,
V=g, Vi+g,1,

indicates that

as required.
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Chapter 19, Problem 56.

For the network of Fig. 19.107, obtain V,/V.

1kQ
—AWA—
hy, =500 Q *
hy, =104
a5 12
v, (_) B = 100 vV, 22kQ
hy, =2X10-6 S

Figure 19.107
For Prob. 19.56.

Chapter 19, Solution 56.

Using Fig. 19.20, we obtain the equivalent circuit as shown below.

R Il hiy I,

4—
+
hj; V, hy I} ha, Vo Rp
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We can solve this using MATLAB. First, we generate 4 equations from the given circuit.
It may help to let Vi=10 V.

—10+ R+ Vi =0o0r V;+ 1000, = 10

-10 + Rsll + h]]I] + h]zVo =0or OOOOIVS + 1500 =10
I, =-V/Ry or V, + 20001, =0

hz]Il + hszo — 12 =0or 2X10_6V0 + 10011 — Iz =0

>> A=[1,0,1000,0;0,0.0001,1500,0;0,1,0,2000;0,(2*10"-6),100,-1]
A =
1.0e+003 *
0.0010 0 1.0000 0
0 0.0000 1.5000 0
0 0.0010 0 2.0000
0 0.0000 0.1000 -0.0010
>>U=[10;10;0;0]
U =
10
10
0
0
>> X=inv(A)*U
X =
1.0e+003 *
0.0032
-1.3459
0.0000
0.0007
Gain=V, /Vy=-1,345.9/10 = =134.59.

There is a second approach we can take to check this problem. First, the resistive value
of hy; is quite large, 500 kQ versus Ry so can be ignored. Working on the right side of
the circuit we obtain the following,

I, = 1001, which leads to V, = —I,x2k = -2x10°1;.
Now the left hand loop equation becomes,

~V, + (1000 + 500 + 10~*(—2x10°))I; = 14801,.
Solving for V,/V, we get,

Vo/Vs=-200,000/1480 = -134.14.
Our answer checks!
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Chapter 19, Problem 57.

Given the transmission parameters
)= 3 20
7

obtain the other five two-port parameters.

Chapter 19, Solution 57.

A=)~ 20)D) =1

A AL
c cl 31
=T b 71 7)°
LC cJ
D A7
M=% R =17 %
5 BJ L20 20J
‘B A, ] [2 1]
D 31' 7 7
[h]:__l £|:| -1 1 |
> Dl LT 7SJ
Cc -A 1 -1
A AJI lrss ?Tl
[g]= 1= |
1l B 20,
LA AJ Ls 3 J
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Chapter 19, Problem 58.

A two-port is described by
vV, =1 +2V,, I, =-2I,+04V,

Find: (a) the y parameters, (b) the transmission parameters.

Chapter 19, Solution 58.

The given set of equations is for the h parameters.

10 2 ]
[h]= -2 04 sJ A, =1)(04)-(2)(-2)=44
_L 'hlz —I |_ _l
h h 1 -2
@ W=w, s, J: 2 448
|_ -4, -hy, —I
h, h,, [ 22 05Q]
® M= w3 leas s ]
{ h21 21 J

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Problem 59.

Given that

0.06S -0.4
[e]= [ 0.2 29}
determine:

(a) [2] (b) [y] (c) [h] (d) [T]

Chapter 19, Solution 59.

Ag =(0.06)(2) - (-0.4)(0.2) = 0.12+0.08 = 0.2

IrL 'glz—I
@ (o] B |:[16.667 6.667 |
L g P J 3.333 3.333
gu 1
_i g | |_ 1
0.1 -0.2
b y=| B2 B2 =l o1 05 |
g I -0. 5
L 82 8
—& 'glz_
LA A, (100 2 ]
© =g g 7L -1 03s
_Ag Ag_
{L gi—I . 1
g2 8 10Q
d  [T]=] =
(d) []{&thosle
g2 8
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Chapter 19, Problem 60.

Design a T network necessary to realize the following z parameters at @ =10°rad/s

{4+j3 2 }
[z]= kQ

2 5—-]
Chapter 19, Solution 60.
Comparing this with Fig. 19.5,
2,-2,=4+]3-2=2+]3kQ

Z22—212=5—j—2=3—ij

3
X =3x10°=0wl —— L= 3:(1)8 =3mH
Xc=1x10° = 1/(oC) or C = 1/(10°x10°) = 1 nF
Hence, the resulting T network is shown below.
2kQ 3 mH 3 kQ 1 nF

2 kQ
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Chapter 19, Problem 61.
For the bridge circuit in Fig. 19.108, obtain:

(a) the z parameters

(b) the h parameters

(c) the transmission parameters
1Q

1Q 1Q

O O

Figure 19.108
For Prob. 19.61.

Chapter 19, Solution 61.
(a) To obtain z,, and z,,, consider the circuit in Fig. (a).

I, 1Q
———W——
1Q 1Q L=0
——w AMN——e—e
+ +
11 CT) Vl § Vz
. @ °

2) 5
v, :11[1+1||(1+1)]=11(1+§j=§11

vV, 5
Z, :rzg
1 1
I, ZEII 2511
-V, +I +1, =0
1 4
vV, ZEII +1, :EII
vV, 4
Z, =f=§
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To obtain z,, and z,,, consider the circuit in Fig. (b).

1Q
M\
I, 1Q 1Q
——L A ——
+ +
6
(b)
Due to symmetry, this is similar to the circuit in Fig. (a).
5 4
122=Z11=§’ ZZIZZI2=§
B
3 3
= Q
“ 'Li éJl
3 3
|FAZ Zi] |F§Q 31|
z z
b [m=| f2 oS 5
ERIIER)
Z,, Z, S S
{ﬂ Aﬂ| I’é EQ'I
z z
© [m=| T Trlo| b 4
22 s = J
LZZI ZZIJ |‘4 4
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Chapter 19, Problem 62.

Find the z parameters of the op amp circuit in Fig. 19.109. Obtain the transmission
parameters.

Vi 30 kQ

Figure 19.109
For Prob. 19.62.
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Chapter 19, Solution 62.
Consider the circuit shown below.

I, 10kQ

a 40 kQ I,
—— A\ ;
: L
§ +
b
Vv, 30 kQ § Vv,
vy b
20 kQ §
Since no current enters the input terminals of the op amp,
V,=(10+30)x10° T, (1)
30 3
But V,=V, = 4_0V1 = ZVI
ooto—_ Oy
®20x10°  80x10°
which is the same current that flows through the 50-k<2 resistor.
Thus, V,=40x10°1, +(50+20)x10° I,
V,=40x10°1, +70x10° - 20 %107 V,
21 5
vV, =§Vl +40x10° I,
V, =105x10°1, +40x10° I, (2)
From (1) and (2),
[40 o]

1= 105 40 |*€

_ _ _ 8
A,=2,2,-2,2, =16x10

[T]JA BW=| z, 1z, |=F 0.381 1524 kQ |
Lc b LL @J 9528 0.381
Zy, 7y
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Chapter 19, Problem 63.

Determine the z parameters of the two-port in Fig. 19.110.

wE  FIE Ze

O O

Figure 19.110
For Prob. 19.63.
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Chapter 19, Solution 63.

To get z;; and zy;, consider the circuit below.

L, 1:3 ‘ I,=0
° o + +
+ +
vV’ Vv’ 9Q Vs
Vi <> 40 ‘ ‘
9
ZR = — = 1, n=3
1’12
4
Vl = (4//ZR)II :EII —> 711 :% =0.8
1

V2 :Vz'z IlVl': nVl :3(4/5)11 —_—> Z21 :%22.4
1

To get z,; and zy,, consider the circuit below.

I]:ﬂ 1:3 ¢ Iz

. o +
J’] H V’, 902 <>V2

Zg'=n’(4)=36, n=3

Vo =N ZgH], = 9X3612 > 7= Mg
45 I,
VI:&:E:ZAIZ —> 221=ﬁ=2.4
n 3 Iz

Thus,

08 24
[z] = Q

24 7.2
PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators

permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Problem 64.

Determine the y parameters at @ = 1,000rad/s for the op amp circuit in Fig. 19.111. Find

the corresponding h parameters.

=

=

ss)
f
1

Figure 19.111

For Prob. 19.64.

Chapter 19, Solution 64.

-J

I uF

Consider the op amp circuit below.

joC ~ (10%)(10°)

10 kQ

i kQ

L 20kQ
——W\

N 1

v, ~

I,

V2

Atnode 1,

X X

V.-V, V. V -0
— +

200 -j
V,=(3+j20)V,

10

(1)
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At node 2,

But L= 0x10°

Substituting (2) into (3) gives
V,+0.25V,

=i = S0X10°V, +125x10°V,

Substituting (2) into (1) yields
-1 '
V, = Z(3 +j20)V,
or 0=V, +(0.75+)5)V,
Comparing (4) and (5) with the following equations

L=y, Vi+ty,V,
L=y, Vity, V,

indicates that I, = 0 and that
[50x10° 12.5x10° |
=y 075+ 5 |

A, =(77.5+25.-12.5)x10° = (65+ 250) x 10°

IVL Y12—|

mo| Y Y| [2x10°Q  -025 ]
Li A_J szm" 1.3+j5S
Yu y
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Chapter 19, Problem 65.

What is the y parameter presentation of the circuit in Fig. 19.112?

I 2Q

Y
+ 20 +
A \2)
O_\ e %19 /5

Figure 19.112
For Prob. 19.65.

Chapter 19, Solution 65.

The network consists of two two-ports in series. It is better to work with z parameters
and then convert to y parameters.

(4 2]

For N, [za]=L2 ZJ
(2 1]
For N, [zb]:t1 IJ

A =18-9=9
I_Zi 'le—l I_l -I-I
A A 3 3
— z z — S
e R
A, A, 3 3
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Chapter 19, Problem 66.

In the two-port of Fig. 19.113, lety,, =y,, =0,y,, =2mS, andy,, = 10 mS. Find
V,/V,.

60 Q

[yl

Figure 19.113
For Prob. 19.66.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 19, Solution 66.

Since we have two two-ports in series, it is better to convert the given y parameters to z
parameters.

A=Y, Y —YnV¥a = (2x107)10x107)-0=20x10"°

ryi 'Y12—|

A, AL | Ts000 0 ]
2,1=| *  ° |:{ |
R e SRR STH 0 100 Q

L&, 4, ]

[500 o ] [100 1007 [ 600 100 ]
[Z]:L 0 100J+L100 100J:L100 200J

ie. V,=z,1,+z,1,
V,=z, 1, +z,1,

or V, = 6001, +1001, (1)
V, =1001, + 2001, )

But, at the input port,
V.=V, +601I, 3)

and at the output port,

V, =V, =-3001, 4
From (2) and (4),

1001, +2001, = -3001,

I, =-51, )

Substituting (1) and (5) into (3),
V, =6001I, +100I, + 601,

=(660)(-5)I, +1001I,

=-32001, (6)
From (4) and (6),
V, -3001I,
— =————-—=10.09375
VvV, -3200I, ———
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Chapter 19, Problem 67.

H
ML

If three copies of the circuit in Fig. 19.114 are connected in parallel, find the overall
transmission parameters.

30Q 40 Q

10 Q

O O

Figure 19.114
For Prob. 19.67.

Chapter 19, Solution 67.

We first the y parameters, to find y;; and y»; consider the circuit below.

I, 30Q 400 I,
D — <_
_l’_
1A 10 Q V,=0
Vi
L1
V,=1(30+10//40)=38, —— vy,;= Vl =28
By current division,
l, =_—10I1:—0.2I —> y21:|i= —0.2, -1
S0 1 VvV, 38, 190
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To find y», and y;, consider the circuit below.
L 30Q 40 Q

2

V, =(40+10//30), =475, —— VY, = b —y2=2/95
V, 93
By current division,
—=,
l,=- 10 l, =—Ii — Yy =|—1: 4° __ 1
30+10 4 V, 47.5l, 190
v]= /38 -1/190
=100 27905

For three copies cascaded in parallel, we can use MATLAB.

>> Y=[1/38,-1/190;-1/190,2/95]
Y =

0.0263 -0.0053

-0.0053  0.0211
>> Y3=3*Y
Y3 =

0.0789 -0.0158

0.0158 0.0632
>> DY=0.0789*0.0632-0.0158*0.158
DY =

0.0025
>> T=[0.0632/0.0158,1/0.0158;DY/0.0158,0.0789/0.0158]
T =

4.0000 63.2911

0.1576  4.9937

[ 4 29
0.1576 4.994
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Chapter 19, Problem 68.

Obtain the h parameters for the network in Fig. 19.115.

Figure 19.115
For Prob. 19.68.

Chapter 19, Solution 68.

4
For the upper network N_, [y, ] :L y 4 J

2
and for the lower network N, , [y, ] :L - J

For the overall network,

6 -3]
[y]=[ya]+[yb]=t_3 6J

Ay=36—9=27
R PR 1
| | |- =
[h]=| Yu Yu || 6 2
LM _YJ 194
Yu Yu 2 2
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Chapter 19, Problem 69.

* The circuit in Fig. 19.116 may be regarded as two two-ports connected in parallel.
Obtain the y parameters as functions of S.

20 1F

21 o

2Q

el

Figure 19.116
For Prob. 19.69.

* An asterisk indicates a challenging problem.

Chapter 19, Solution 69.

We first determine the y parameters for the upper network N, .

To get y,, and y,,, consider the circuit in Fig. (a).

(254—4)
I1
S

1 1/s
n=_—, ZR:n_2

wn |

4
V,=2+Z;)I, =(2+—jl1
S

I, S
YTV T 26+2)
L By A
2 n bos+2

I, -S
Y21:71:S+2
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To get y,, and y,,, consider the circuit in Fig. (b).

2Q 1/
. 2:1 L,
WV A
+ . . +
w- elg ~®
. o .

, 1 1
Z, = (")) =(Z)(2) )

L2
Y2y T5i2
RENCVES VSR
TR T O N1 2) e T w2
L s
Yo Ty Tt
[
2(s+2) s+2
[y,1=| 2612 o2
L s+2 s+2J
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For the lower network N, we obtain y,, and y,, by referring to the network in Fig. (c).

I] 2 IZ
+
Vl V2=0
(©)
I, 1
vV, =2, —> y“:VIZE
-V, I, -1
I, = 11_7 > Y21:71:?
To get y,, and y, , refer to the circuit in Fig. (d).
I] 2 IZ
R Sy Y} <«
+ +
V1=0 Vz CT)
(d)
Vv, =(s|DI 2s I I, s+2
= = = =
, = (s 21, s+ 2 > Yo v, 25
[ .1 -S _[ -S j(s+2jv -V,
o s+2 s+2M2s )2 2
LA
YIZ_VZ - 2

[y2 -y2 ]
[Yb]:L-l/z (5+2)/2s
[ s+1 -(3s+2) T|
s+2 2(s+2)
VI=. 0400 0=] (3642) 5544544 |
[2(s+2) 2s(s+2)J
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Chapter 19, Problem 70.

* For the parallel-series connection of the two two-ports in Fig. 19.117, find the g
parameters.

2, =25Q +O

v v

Figure 19.117
For Prob. 19.70.

* An asterisk indicates a challenging problem.

Chapter 19, Solution 70.

We may obtain the g parameters from the given z parameters.

[ 25 20 ]
2.1=| 5 | A, =250-100=150
[50 251
[2,1=] 55 50 |- A, =1500-625=875
L2
:| Zy, Zy |
[g] {i AZJ
Zy Zy,
[0.04 -0.8] [0.02 -05]
[&.1= o0 6 | [go]=| 05 175 ]

[0.065 -1.3 ]
[el=lg.]+[8]=| (7 2350
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Chapter 19, Problem 71.

* Determine the z parameters for the network in Fig. 19.118.

Figure 19.118
For Prob. 19.71.

* An asterisk indicates a challenging problem.
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Chapter 19, Solution 71.

This is a parallel-series connection of two two-ports.

together and obtain z parameters from there.

For the transformer,

1
Vl = EVZ, Il = —212

Comparing this with
Vl = AV2 - BIz, Il = CV2 - DIZ

shows that

Lo [05 0
[Tp1] = 0 2

To get A and C for Ty, , consider the circuit below.

We need to add their g parameters

I] 40 Iz =0
_> <_
- +
50
vO v,
- 20 -
V=9, V,=5]
A= _g/5-18 C=2l=1/5=02
V2 Va
We obtain B and D by looking at the circuit below.
I] 40 Iz =0
_> <_
- +
50
V1<> VzZO
- 20 -
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Izz—éll > D=—I—1=7/5=1.4
7 I,
Vl = 411 —212 = 4(—112) —212 = —ﬁlz E— B= _E =7.6
5 5 I,
(T.,]= 1.8 7.6
0217102 14

09 3.8
[T]=[Tp1 [ Tp21 = 04 28 At =1

o] C/A —Ap/A] [04444 -1.1111
Il A B/A || L1111 42022

From Prob. 19.52,

[T]_"l.s 18.8
“lor 16
[ ]_'C/A —Ar/A] [0.05555 -0.5555
Sal7 /A B/A || 05555 104444

0.4999 —1.6667}

[e]=[gal+[gb]= [1.6667 14.667

Thus,

Vg —ga/en 2 -3.334
[z] = = Q
g21/811  Ag/gr 3334 20.22
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Chapter 19, Problem 72.

* A series-parallel connection of two two-ports is shown in Fig. 19.119. Determine the z
parameter representation of the network.

Figure 19.119
For Prob. 19.72.

* An asterisk indicates a challenging problem.
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Chapter 19, Solution 72.

Consider the network shown below.

I L | %3 I,
P ———— <o < °
+ + + +
Val Na VaZ
A\ \Y
! Iv1 Iv2 ?
+ +
Vo1 Ny Vi2
V., =251,,+4V, (1)
Ia2 = -4Ial +Va2 (2)
Vbl = 16Ib1 + Vbz (3)
I,=-1,,+0.5V,, 4)
Vl = Val + Vbl
V,= Va2 = Vb2
I, = Ia2 + Ib2
Il = Ial
Now, rewrite (1) to (4) in terms of I, and V,
V,, =251, +4V, (%)
I,=-41,+V, (6)
V,, =161, +V, (7)
I,=-1,,+05V, (8)
Adding (5) and (7),
V, =251, +161,,+5V, 9)
Adding (6) and (8),
I,=-41,-1,,+1.5V, (10)
Ibl :Ial 211 (11)
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Because the two networks N, and N, are independent,
I,=-51,+1.5V,

or V, =3.3331, + 0.66671,
Substituting (11) and (12) into (9),
25 5
V, =411, +EII +EIZ
V, =57.671, +3.3331,
Comparing (12) and (13) with the following equations
Vi=z,1,+z,1,
V,=2,1,+z,1,
indicates that
[57.67 3.333
2121 3333 0.6667°
Alternatively,
[25 4] (16 1 ]
=] 4 ) J=[ 1 o5
{41 5 }
[h]=[h,]+[h,]= A, =61.5+25=86.5
-5 1.5
[ A, hy, |
. _I . b, |_r 57.67 3333 ]
pchy, 1 _L 3.333  0.6667
\~ h22 h22 J

as obtained previously.

(12)

(13)
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Chapter 19, Problem 73.

H
ML

Three copies of the circuit shown in Fig. 19.70 are connected in cascade. Determine the z
parameters.

Chapter 19, Solution 73.

From Problem 19.6,
25 20
[z]= { } Az = 25x30 - 20x24 = 270

24 30

A2 g_Az_2/0
z,, 24’ z,, 24

co b 1 5_zn_30

Z71 24 ’ Z71 24
The overall ABCD parameters can be found using MATLAB.

>>T=[25/24,270/24;1/24,30/24]
T=

1.0417 11.2500

0.0417 1.2500
>> T3=T*T*T
T3 =

2.6928 49.7070

0.1841 3.6133
>>7=[2.693/0.1841,(2.693*3.613-0.1841*49.71)/0.1841;1/0.1841,3.613/0.1841]
7 =

14.6279 3.1407

5.4318 19.6252

| 14.628  3.141
5432 19.625
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Chapter 19, Problem 74.

3
ML

* Determine the ABCD parameters of the circuit in Fig. 19.120 as functions of s. (Hint:
Partition the circuit into subcircuits and cascade them using the results of Prob. 19.43.)

1H 1H
o 11 A1 e}
1Q — 1F 1Q — 1F
O O

Figure 19.120
For Prob. 19.74.

* An asterisk indicates a challenging problem.

Chapter 19, Solution 74.

From Prob. 18.35, the transmission parameters for the circuit in Figs. (a) and (b) are
. 1z . 1 0]
[a]_Lo 1J’ [b]_h/z 1J

Z

—L

(@) (b)
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We partition the given circuit into six subcircuits similar to those in Figs. (a) and (b) as
shown in Fig. (c) and obtain [T] for each.

s s i
—
) T T, | Tz | T | Ts | T )
[1 0] 1 s] 1 0]
[T1]=L1 1J’ [Tz]:LO 1J, [T3]=LS 1J
[T,]1=[T,], [Ts]1=[T1, [Ty ]1=[T;]

1 071 0]
[T =[TATLITATITITI=[TITITIL] | |

I 0 l s 1 0
=[T1][T2][T3][T4]L+1 J=[T1][T21[T31[0 IHSH 1}

1 07 +s+1
:[Tl][Tz]L 1}{8:: ﬂ

1 s s?+s+1 S
:[Tl] 3 2 2
0 11 s’+s"+2s+1 s”+1

_{1 0}{s4+s3+3s2+25+1 s3+25}

11 P +s?+2s+1 s?+1
] [ s%4s3+3s2+25+1 s +2s |
_Ls4+2s3+4s2+4s+2 sP+s?+2s+1

Note that AB—-CD =1 as expected.
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Chapter 19, Problem 75.

H
ML

* For the individual two-ports shown in Fig. 19.121 where,

iz 8 6 o y.] 8 —4 S
Z = =
45 YoI712 10
(a) Determine the y parameters of the overall two-port.
(b) Find the voltage ratio V/V, whenZ =2 Q.

B +
Vi 5 Na Nb ZL VO

Figure 19.110
For Prob. 19.63.

* An asterisk indicates a challenging problem.
Chapter 19, Solution 75.

(a) We convert [z,] and [z,] to T-parameters. For N,, A, =40-24=16.

211/221 AZ/221 2 4
[Ta] = =
1/221 V%) /221 0.25 1.25

For Ny, Ay =80+8 =288.

-y/yannr Uy -5 -05
[Tyl=| ~ =

Aylyar —vyii/ya1| |[-44 -4
m=rmm=| o Y
LT 5605 5125

We convert this to y-parameters. At = AD-BC =-3.

D/B —-A+/B
[y]{ ! }

-1/B  A/B 0.0588 10.94

{0.3015 —0.1765}
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(b) The equivalent z-parameters are

_[A/C Ar/C] [ 33067 0.0533
|1/C D/C| |-0.0178 0.0911

Consider the equivalent circuit below.

I; Z11 V4%) I
— «—

Vi() zi2 b 21 Ly Vo

Vi =z11) + 2121 (1)
Vo =211 + 22215 (2)
But VO = —IzzL —_— Iz = _VO /ZL (3)
From (2) and (3) ,
VO 1 222
Vo=221h -2~ ——> L =V,| —+—"— 4)
7y 231 Zpzp

Substituting (3) and (4) into (1) gives

Vi (er—Z“ZD]_ZI_Z _ 1943 —  Yo.__g0051
Vo \z21 221Z1) Zy Vi
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Chapter 19, Problem 76.

&
) )

ps
Use PSpice to obtain the z parameters of the network in Fig. 19.122.
8Q
MW
10 4 4Q 1Q

10Q 10Q 10Q

§6Q 6 Q

2Q

O O

Figure 19.122
For Prob. 19.76.

Chapter 19, Solution 76.

To get z;; and zy;, we open circuit the output port and let I; = 1A so that

Vi \&
z11=—=V}, 231=—"=V
¥ I

The schematic is shown below. After it is saved and run, we obtain
711 =V1 =3849, Z71 =V2 =1.122

Similarly, to get z; and z;,, we open circuit the input port and let I, = 1A so that

The schematic is shown below. After it is saved and run, we obtain
Z1p = Vl = 1122, Zyy = V2 = 3.849
Thus,

[3.949 1122
11122 3.849
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3843 ps | R2 . R3 | R4 LI22V
Wy Wy " Wy e

C@ %ﬁﬁéﬁ..ﬁmﬁ?ﬁﬂﬂéaﬁ Ijﬁﬁé?ﬁ%ﬁ..ﬁéaﬁgéﬁ
14 ORI R R SRR RS I

1 %

1A% gs | R2. . R3 | R4 3843V
- 4y 4y —Wy iy ’
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Chapter 19, Problem 77.

Using PSpice, find the h parameters of the network in Fig. 19.123. Take @ =1 rad/s

Figure 19.123
For Prob. 19.77.
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Chapter 19, Solution 77.
We follow Example 19.15 except that this is an AC circuit.
(a) Weset V, = 0 andI; = 1 A. The schematic is shown below. In the AC Sweep

Box, set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After simulation,
the output file includes

FREQ IM(V_PRINT2) IP(V_PRINT2)
1.592 E-01  3.163 E-.01 ~1.616 E+02
FREQ VM($N_0001) VP($N_0001)
1.592 E-01  9.488 E-01 ~1.616 E+02

From this we obtain
hy; = Vi/1 = 0.9488/-161.6°

hyy = I/1 = 0.3163£-161.6°.

5 MAG=yes
=) PHASE=yes
L 4

C1 1 IPRINT

T =L Ry 1

11 =7

1A @ :
7 MAG=yes

FHASE=yes

L1

IAC R?

I —"A
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(b) In this case, we set I; = 0 and V, = 1V. The schematic is shown below. In the
AC Sweep box, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592.
After simulation, we obtain an output file which includes

FREQ VM($N _0001) VP(SN_0001)
1.592 E-01 3.163 E-.01 1.842 E+01
FREQ IM(V_PRINT?2) IP(V_PRINT2)
1.592 E-01 9.488 E-01 ~1.616 E+02
From this,
hi, = Vi/1 = 0.3163£18.42°
hy; = IL/1 = 0.9488./-161.6°.
0.9488/-161.6° 0.3163/18.42°
Thus, [h] =
0.3163£-161.6° 0.9488/ —161.6°

[F] MAG=yes
PHASE=vES

IPRINT MAG=yes
PHASE=yes

"ﬂ@

1Y

F1 1

L1 1
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Chapter 19, Problem 78.

Obtain the h parameters at @ = 4 rad/s for the circuit in Fig. 19.124 using PSpice.

(o} AN L AWV O
1

T 8

O O
Figure 19.124

For Prob. 19.78.
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Chapter 19, Solution 78

For h;; and hy;, short-circuit the output port and let I; = 1A. f =@/27 =0.6366. The

schematic is shown below. When it is saved and run, the output file contains the

following:

FREQ  IM(V_PRINTI)IP(V_PRINTI)
6.366E-01 1.202E+00 1.463E+02
FREQ  VM(SN_0003) VP(SN_0003)
6.366E-01 3.771E+00 -1.350E+02

From the output file, we obtain
I, =1.202/146.3°, V;=3.771£-135°
so that

hyp = Vi 3.771£-135°,  hyy = b 120021463
1 1

CAC=OK -
- PHASE=0k o
- MAG=0k - g AC=akl - - IPRIMT

::1?‘[‘*..::::::::: ::F?H%SE?DK'.
% S ,TDJES,MAGzD;.
::::""":::::‘l"::::::;;;

4
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For hj, and hy,, open-circuit the input port and let V, = 1V. The schematic is shown
below. When it is saved and run, the output file includes:

FREQ  VM(SN_0003) VP(SN_0003)

6.366E-01 1.202E+00 -3.369E+01

FREQ  IM(V_PRINTI)IP(V_PRINTI)
6.366E-01 3.727E-01 -1.534E+02

From the output file, we obtain

I, =0.3727£-153.4°, V;=1.202/-33.69°

so that

hy, = A 1.202/-33.69°, hy, = L 0.3727/£-153.4°
1 1

Thus,
(h] = 3.7712-135°  1.202/£-33.69°
1.202/146.3  0.3727/—153.4°
B I L
IPRIMNT
AEL T I =1 MAG=DE|H-
- PHASE=0k —y Y . LISl

I B
Toss VR
l'ﬁffﬁffff
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Chapter 19, Problem 79.

Use PSpice to determine the z parameters of the circuit in Fig. 19.125. Take @ =2 rad/s.

1Q 20 OBF
O—WW 1l ©
2H§ 40
O O

Figure 19.125
For Prob. 19.79.
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Chapter 19, Solution 79

We follow Example 19.16.

(a) We setI; = 1 A and open-circuit the output-port so that I, = 0. The schematic
is shown below with two VPRINT s to measure V; and V,. In the AC Sweep box, we
enter Total Pts = 1, Start Freq = 0.3183, and End Freq = 0.3183. After simulation, the
output file includes

FREQ VM(1) VP(1)

3.183 E-01  4.669 E+00 —1.367 E+02

FREQ VM(4) VP(4)

3.183 E-01  2.530 E+00 —1.084 E+02
From this,

z11 = Vi/I} = 4.669/-136.7°/1 = 4.669/-136.7°

731 = Vo/l} = 2.53/-108.4°/1 = 2.53/-108.4°.

MAG=ves = =l MAG=vyes
PHASE=yes Rt R2 c1E=7 PHASE=yes
[ . AN |—e
1 1 2 0.25

Ll
+ 4
e
2HY L1
IAC
R3 %4
.
“

(b) In this case, we let I, = 1 A and open-circuit the input port. The schematic is
shown below. In the AC Sweep box, we type Total Pts = 1, Start Freq = 0.3183, and
End Freq = 0.3183. After simulation, the output file includes
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FREQ VM(1) VP(1)

3.183 E-01  2.530 E+00 —1.084 E+02
FREQ VM(2) VP(2)
3.183 E-01  1.789 E+00 ~1.534 E+02
From this,
712 = Vi/I, = 2.53/-108.4°/1 = 2.53/-108..4°
zn = Vo/l, = 1.789/-153.4°/1 = 1.789./-153.4°.
Thus,
| = 4.669/ -136.7° 2.53/-108.4° o
2.53/-108.4° 1.789/—-153.4° |~
MAG=yes J=L =L MAG=yes
PHASE={'e R2 C1 . =¥ PHASE=yes
"W |
2 0.25
1
2
IR
2H~ L1 1A )

bl

o= nnnl

Chapter 19, Problem 80.
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Use PSpice to find the z parameters of the circuit in Fig. 19.71.

Chapter 19, Solution 80

To get z;; and z,;, we open circuit the output port and let I; = 1A so that

The schematic is shown below. After it is saved and run, we obtain
711 = Vl = 2988, Zr1 = V2 =-70.37

Similarly, to get z; and z;,, we open circuit the input port and let I, = 1A so that

The schematic is shown below. After it is saved and run, we obtain
Z12 =V1=3.704, V%) =V2 =11.11
Thus,

[ 2988 3.704
1-7037 11.11
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Chapter 19, Problem 81.

Repeat Prob. 19.26 using PSpice.

Chapter 19, Solution 81

(a) We set Vi = 1 and short circuit the output port. The schematic is shown below.
After simulation we obtain

yun =1L =15,y =L =35

clLlct §
=
el f
15008 g R
' Z 2 4
1T =V3 1 L R3
- § 3 500A

o
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(b) We set V, = 1 and short-circuit the input port. The schematic is shown below.
Upon simulating the circuit, we obtain

yp =1 =-05 yn=0L =15

[1.5 —0.5]
[Y] = S
35 1.5

0]
G +G1 %
ST

R1 R2 500A

& [/\/\/\/ f“‘f\
1T —V3
1 R3 —
500.00mA § -

%
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Chapter 19, Problem 82.

Use PSpice to rework Prob. 19.31.

Chapter 19, Solution 82
We follow Example 19.15.

(a) Set V, = 0andI; = 1A. The schematic is shown below. After simulation,
we obtain

h11 = V]/l = 38, hz] = Iz/l =36

3.800% =E R2 =l

1 A= 3.600A

- M iy
1 2 1
IDC - TF
' 77
@ 14 R =2 T = @
L
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(b) Set Vi = 1 VandI; = 0. The schematic is shown below. After simulation,

we obtain
h12 = V1/1 = 0.4, h22 = Iz/l = 0.25
[3.8 0.4}
Hence, [h] =
3.6 0.25
400.00mV
~ R R3
AN AN
2 1
@
200.00mA
R4 22

+| V2
1V —/—
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Chapter 19, Problem 83.

Rework Prob. 19.47 using PSpice.

Chapter 19, Solution 83

[T]

To get A and C, we open-circuit the output and let I, = 1A. The schematic is shown
below. When the circuit is saved and simulated, we obtain V; =11 and V, = 34.

A= _ 03235, C= L i =0.02941

Vs Vs

Similarly, to get B and D, we open-circuit the output and let I; = 1A. The schematic
is shown below. When the circuit is saved and simulated, we obtain V;=2.5 and I,
=-2.125.

B=-_ 25 4765 p--1__1 _ 4706
I, 2.125 I, 2125

Thus,

[03235 1.1765
~10.02941 0.4706
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Chapter 19, Problem 84.

Using PSpice, find the transmission parameters for the network in Fig. 19.126.

1Q

+V0_

1Q 1Q
o AWV O
V,

%ZQ ) 2Q
o o)

Figure 19.126
For Prob. 19.84.

N

Chapter 19, Solution 84

andCZI—1

1,=0 2

(a) Since A = Al

2

, we open-circuit the output port and let V,
1,=0
= 1 V. The schematic is as shown below. After simulation, we obtain

A =1/V, = 1/0.7143 = 1.4

C =1L/V, = 1.0/0.7143 = 1.4

R1 714.29mV
—A\
1
1.000A R? R3
1V — 1 1
g 2 R5 G1 2 R4
(V2 § T @ GAIN=0.5
|7_
» (3 JL
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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 simulating the circuit, we obtain

B =-V/I, = -1/1.25 = 0.8

D = -I)/I, = -2.25/1.25 = -1.8

A B 14 —08
Thus =
C D 14 —-18
R1
yyy
1
2.250A R R3
f@ A A
1V — 1 1
E— 2 R5 G1 2 R4
Jv2 F O GAIN=05| = 1.250A
C | ]
- G -
~0
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Chapter 19, Problem 85.

At o = 1rad/s find the transmission parameters of the network in Fig. 19.127 using
PSpice.

Figure 19.127
For Prob. 19.85.
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Chapter 19, Solution 85

andCZI—1

1,=0 2
circuit the output port. The schematic is shown below. In the AC Sweep box, we set
Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After simulation, we obtain
an output file which includes

(a) Since A = Al

2

,weletV; = 1V and open-

1,=0

FREQ IM(V_PRINTI) IP(V_PRINTI)
1.592 E-01  6.325 E-01 1.843 E+01
FREQ VM($N_0002) VP($N_0002)
1.592 E-01  6.325 E-01 ~7.159 E+01

From this, we obtain

A= o ! =1.581£71.59°
V, 0.6325/-71.59°
_ L 0630521843 | oo
V, 0.6325/-71.59°
R1
IPRINT '\;\/\’
MAG=yes = El MAG=yes
PHASE=Zyes [—1

R2 L1
A, PHASE=yes
1 1H

1HY L2 1 — C1

1 L C2

. T
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I
and D = ——L

V,=0 2

(b) Similarly, since B = Y

2

,welet V, = 1V and short-

V,=0

circuit the output port. The schematic is shown below. Again, we set Total Pts = 1, Start
Freq = 0.1592, and End Freq = 0.1592 in the AC Sweep box. After simulation, we get
an output file which includes the following results:

FREQ IM(V_PRINT1) IP(V_PRINT1)
1.592 E-01 5.661 E-04 8.997 E+01
FREQ IM(V_PRINT3) IP(V_PRINT3)
1.592 E-01 9.997 E-01 -9.003 E+01
From this,
B= -t L __j,900-j
I, 0.9997~/ -90°
4 °
Do L _ 5661x107/8097° . . o
I, 0.9997/ -90°
A B B 1.581/71.59° -
C D J 5.661x10°*
R
IPRINT AL
MAG=yes = 1
PHASE=yes R2 L1
% e ¥ VY
1 1H IPRINT
HY L2 1 L ¢
V1 -
1 L c2
1y @ — !ﬂlﬂ]
MAG=yes
l PHASE=yes
™~
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Chapter 19, Problem 86.

Obtain the g parameters for the network in Fig. 19.128 using PSpice.

k. 20 30

O O
10 C#mx #>5ix

O O

Figure 19.128
For Prob. 19.86.

Chapter 19, Solution 86

" I
(a) By definition, g;; = —-

V1 s 221 =

1,=0

<|=<

1,=0

We let Vi = 1V and open-circuit the output port. The schematic is shown below. After
simulation, we obtain

g1 = Il =27
21 = V2 = 0.0
+ —e ¥ My %
W= 2 oa 3 O f ,
T\m R3 =1 DC GAIN=5 1
0
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(b) Similarly,
Il

glz—g

<

, &0 =
V,=0 2

P—

V,=0

We let [, = 1 A and short-circuit the input port. The schematic is shown below. After
simulation,

gn=0L=20
g2 =V, =0
Th (el 2.727S 0
us =
8 0 0
3.545pA, R1 B2 0y
@ F 77 IDC
5 115 1 |
28, @, "
R3 <1 JlDC GaIN=5 T |21
0
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Chapter 19, Problem 87.

For the circuit shown in Fig. 19.129, use PSpice to obtain the t parameters. Assume @ =
1 rad/s.

j2Q
— TN —
1Q 1Q 1Q
o— AWV ANVN—0
—-j2Q == = —j2Q
o '}

Figure 19.129

For Prob. 19.87.

Chapter 19, Solution 87
Vs

1
and ¢ = —2=

I,=0 1

(a) Since a= ,
1,=0

we open-circuit the input port and let V, = 1 V. The schematic is shown below. In the
AC Sweep box, set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592. After

simulation, we obtain an output file which includes

1

FREQ IM(V_PRINT2) IP(V_PRINT?2)
1.592 E-01 5.000 E-01 1.800 E+02
FREQ VM(SN_0001) VP($N_0001)
1.592 E-01 5.664 E-04 8.997 E+01
From this,
1
a= ~ =17654-89.97°
5.664x107" £89.97°
c = 0'5%}‘80 =—882.284-89.97°
5.664x107" £89.97°
L1
IFRINT
=L mac=
—‘ R2 ’ PHAySeES:yeS
g i
MAG=yes i L 1 %
PHASE=vyes Co
L 1 |
0
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(b) Similarly,

and d = —I—Z

V=0 1

b:-&

1

V,=0

We short-circuit the input port and let V, = 1 V. The schematic is shown below. After
simulation, we obtain an output file which includes

FREQ IM(V_PRINT?2) IP(V_PRINT2)
1.592 E-01  5.000 E-01 1.800 E+02
FREQ IM(V_PRINT3) IP(V_PRINT3)
1.592 E-01 5.664 E-04 —9.010 E+01
From this, we get
b= — _{‘ = —j1765
5.664x10™ £ -90.1°
d= 0.5£180 _ 38828

 5.664x10* £ —90.1°

_ 1765 — {1765
Thus [f] = [ ! ! }

j888.2  j888.2

IPRINT IPRINT

MAG=yes

MAG=yes
PHASE=yes

PHASE=yes
V1
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Chapter 19, Problem 88.

Using the y parameters, derive formulas forZ, ,Z ., A;,and A  for the common-
emitter transistor circuit.
Chapter 19, Solution 88
To get Z, , consider the network in Fig. (a).
RS Il IZ
A —
+ +
Vi Ct) Vi Two-Port V, §
s :
Zin (a)
L=y, Vi+y, V, (1)
L=y, Vity, V, (2)
_V2
But I, = R =¥ Vi+tynV,
L
-y, V
= Ya Yy 3)
Y» /R,
Substituting (3) into (1) yields
-Ya Vi 1
I =y, V+y,:|————|, Y, =—
1 =Y¥YnYitYn (yzz_’_l/RLJ LTR,
Ay +yn Yy
11:[ ;’/22+YL Vi, AyZY11YZ2_Y12 Y
Vi Yo tY,
or Z =—="—""""—">+—
I, Ay +¥u Yy
A, :I_z _ Y Vity, V, -y, Z. +(Y22 J( -Ya Vi j
I I L \y»+Y,
-y, Z - Y2 Y2 Zi _| Y +Y, (yﬂ _ Yn¥a j
Yut+Ye Ay +yn Yo Yo +YL
A = Ya Yo
Ay+yu Yo

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




From (3),

A = & — _"¥n
OV vty
To get Z,,, consider the circuit in Fig. (b).
I I
+
+
Rs § Vi Two-Port C_)
. .
(b) Zout
\% A\
Zout = _2 = ? (4)
L y,Vi+y,V,
But V,=-R. I,

Substituting this into (1) yields
IL=-y, R L+y,V,
(I+y, ROL =y, V,

_ YoV, _ -V,

: 1—i_YHRs Rs
or &: Y R,
V2 1—I_ylle

Substituting this into (4) gives

1
7 =
out Yo ¥a R

2 I+y, R
_ I+y, R,
Yo +¥n¥»Ri=¥y¥u R
__Yu +Y,
- Ay+ynY,

out
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Chapter 19, Problem 89.

A transistor has the following parameters in a common-emitter circuit:
h, =2,640Q, h,=26x10"
h, =72, h,=16uS, R =100kQ

What is the voltage amplification of the transistor? How many decibels gain is this?

Chapter 19, Solution 89

-hfe RL
A =
! hie +(hie hoe _hre hfe)RL
A - -72-10°
Y2640+ (2640 x16x10° —2.6x10™* x 72)-10°
-72-10°
=-1613

VT 2640+1824 ——

dc gain = 2010g‘ A,

=201log(1613) = 64.15
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Chapter 19, Problem 90.

eJd

A transistor with

h, =120, h, =2kQ
hre:10_4, h, =20uS

is used for a CE amplifier to provide an input resistance of 1.5 kQ.

(a) Determine the necessary load resistance R.
(b) Calculate A, A,, and Z , if the amplifier is driven by a 4-mV source having an

internal resistance of 600 Q.
(c) Find the voltage across the load.
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Chapter 19, Solution 90

hre hfe RL
(@  Z,=h, “T4h, R,
10 x120R ,
1500=2000~ 1+20x10°R,
12x107
S0=T12510°R,

500+102R, =12x10° R,
500x102 = 0.2R,

R, =250 kQ
-h.R
b A — fe L
( ) ’ hie +(hie hoe _hre hfe)RL
A -120% 250 x10°
Y2000+ (2000%20%x10° —120x10*) x 250 % 10°
. -30x10° 1333
VT 2x103 47100 —/—=
h, 120
A; = = 6 7 =20
1+h_ R, 1+20x10°x250x10° —
; R, +h, ~ 600 + 2000
" (R,+h_)h_~h_h, (600+2000)x20x10° 10" x120
2600
= —— kQ=65kQ
40
VC VC
() A, = v -y — Y =AV, =-3333x4x10° = -13.33 V
b s -
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Chapter 19, Problem 91.
For the transistor network of Fig. 19.130,
h. =80, h, =12kQ

h,=15x10", h,, =20uS

o
Determine the following:

(a) voltage gain A, =V,/V,

(b) current gain A; =1,/1,,

(c) input impedance Z,

(d) output impedance Z _, .

Figure 19.130
For Prob. 19.91.
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Chapter 19, Solution 91

R, =12kQ, R, =4kQ

'hfe RL
(a) AV B hie +(hie hoe _hre hfe)RL
A = -80x4x10°
Y1200+ (1200x20x10° —1.5x10* x80)x 4 x10°
32000

V1248
V()/Vs.

= -25.64 for the transistor. However, the problem asks for

Thus,
Vi, = Vo/ATransV = -V,/25.64
I, = V4/(2000 + 1200) = V¢/3200 (Note, we used Zi, from (c)
below.)
Vi, = 1200xI, = (1200/3200) Vs = 0.375V, =—V,/25.64

Ay for the circuit = V,/V, = -9.615

b)) A = hp  _ 50 = 74.07
" 1+h, R, 1+20x10°x4x10° ——
(C) Zin = hie _hre Ai
Z. =1200-1.5x10" x74.074 = 1.2 kQ
d g R, +h,
( ) o (Rs +hie)hoe _hre hfe
1200+1200 2400

7 = = =51.28 kQ
T 2400x20%x10° —1.5x10% x80 0.0468
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Chapter 19, Problem 92.

* Determine A, A,,Z, ,and Z , for the amplifier shown in Fig. 19.131. Assume that
h, =4kQ, h,=10"
h, =100, he =30uS
12kQ §4m
v, 240 Q

L
Figure 19.131
For Prob. 19.92.

* An asterisk indicates a challenging problem.

Chapter 19, Solution 92

Due to the resistor R =240 Q, we cannot use the formulas in section 18.9.1. We will
need to derive our own. Consider the circuit in Fig. (a).

R, I, h;e I.

{k

(@)

N_|
=
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I, =1, +1, (1)

Vb = hie Ib +hre Vc +(Ib +Ic)RE (2)
\Y
o=h T+ —— 3)
RE +AOG
But V.=-I.R, 4)

Substituting (4) into (3),
R
Ic = hfe Ib - = Ic
Ry + %1

I _ hfe(1+REhoe)

or A =— %)
I, 1+h,, (R,
_100(1+240x30x107°)
F T 1430x10° (4,000 + 240)
A;=19.18
From (3) and (5),
h, (1+Ry)h,, I, =h,I, + V. ©)

° 1+h_, (R, +R}) REJF%OG
Substituting (4) and (6) into (2),
V,=(h_ +R)I, +h V. +I R,

Vc (hie +RE) V

Vb - +hre Vc __CRE
1 hfe(1+REhoe) RL
R, +— -h,
h, J1+h_ (R, +R;})
1V (he +Ro) o -Re )
A, 'V, 1 h,(1+R:h,,) R,
Ry+— —h,
hoe 1+h0e (RL +RE)
1 (4000 +240) 104 240
A -6 4000
, (240+ 1 6} 100(1+240x630x10 ) 100
30x10™ 1+30x10™ x4240

AL =—6.06x107 +10™ —0.06 = -0.066

v

A, = -15.15

v
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From (5),
hfe

[ =—"—
¢ 1+h R,

I,

We substitute this with (4) into (2) to get
Vb = (hie +RE)Ib + (RE _hre RL)IC

Vb :(hie+RE)Ib +(RE_hreRL)( hfe(1+REhoe) I j

1+h (R, +R,) °

hfe (RE _hre RL)(1+REhoe)
I+h_ (R, +R;)

m

A\Y
Z =—"=h_+R,+
I

b
(8)
7 4000+ 240+ (100)(240x 107 x 4x10°)(1+ 240x30x10°°)
" 1+30x10° x4240
= 12.818 kQ

in

To obtain Z
a 1-V source as shown in Fig. (b).

which is the same as the Thevenin impedance at the output, we introduce

out ?

|

. “ O

Ig

4

(b) ' Z(I)ut

From the input loop,
Ib (Rs +hie)+hre Vc +RE (Ib +Ic) = 0

But V. =1

C
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So,
Ib(Rs+hie+RE)+hre+REIC:O (9)

From the output loop,

I = : +hfe I, = = +hfe I,
R, + R.h , +1
hoe
I h
or I, =— - L f (10)
hfe 1+REhoe

Substituting (10) into (9) gives

(Rs +RE +hie)(h% )
fe

I
(R, +R;+h, )| —=|+h +R.I, - =0
hfe 1+REhoe
R, +R, +h, L+R, I, = R, +R, +h, [&j_hre
hfe 1+REh0e hfe
R.+R h.
(hoe/hfe) M _hre
1+R;h,,
© R, +(R,+R,+h,)/h,
7 _ 1 Ryh, +R, +R; +h,
out
1 .
c m h, -h_h,
1+R:h,,

; 240 x 100 + (1200 + 240 + 4000)
out {1200 +240 + 4000

1+ 240x30x107°
24000 + 5440
out 0.152

}xSOx 10° 10" x100

= 193.7kQ
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*Chapter 19, Problem 93.

Calculate A,,A,,Z, ,and Z_, for the transistor network in Fig. 19.132. Assume that
h, =2kQ, h,=25x10"
h, =150, hee =10uS
1kQ
3.8kQ
V, 0.2 kQ

=

Figure 19.110

For Prob. 19.63.
* An asterisk indicates a challenging problem.
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Chapter 19, Solution 93

We apply the same formulas derived in the previous problem.

L_ (hie+RE) +h _&
Ay RE—I—L h, 1+R;h,,) —h, © Ry
w J1+h (R +Rp)
s 2
v (200410%) 1200F0002) 5,
| 1+0.04
L 0.004+2.5%10 —0.05263 = -0.05638
A, =-17.74
_ hg(I+Rzh,) — 150(1+200x107) 1445
" 1+h,_ (R, +R;) 14107 x(200+3800) ——
h,(R,-h_R,)1+R,h
Zin :hie+RE+ fe( E re L)( + E oe)
1+h, (R +Ry)

7 —2000+ 200+ (150)(200—2.5x10™* x3.8x10°)(1.002)

" 1.04
Z, =2200+ 28966
Z. =31.17kQ
7 Ryh,+R +R; +h,
out r
m hoe _hre hfe
| I+Rgh,,
7 200x150+1000+200+2000 33200
ou T 5 -0.0055
M —2.5%x10% %150
1.002

Z,, =—6.148 MO
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Chapter 19, Problem 94.
ed

A transistor in its common-emitter mode is specified by

200 0
[h] = >
100 107°S

Two such identical transistors are connected in cascade to form a two-stage amplifier
used at audio frequencies. If the amplifier is terminated by a 4-k Q) resistor, calculate the

overall A, and Z .

Chapter 19, Solution 94

We first obtain the ABCD parameters.

Gi h _r200 0 | A, =h, h,-h h, =2x10*
1ven []_LIOO lO'GJ’ h — M1 22 My =2x
r h 'h11

]
I [-2x10° -2 |
L-hzz -IJ -10°  -107

The overall ABCD parameters for the amplifier are
[-2x10¢ -2 T-2x10¢ -2 ] [2x10% 2x10? ]

T = =
T { -10%  -107 JL -10° -10-2J L 10" 10*
A, =2x10"7-2x10"=0
Lags 200 0
_|D D |_
= 1 c _[-104 10'6}
D D
Thus, h, =200, h_,=0, hg=-10*, h_=10°
10*)(4 x 10°
- AO)EX19) 5,100
200+ (2x10™* -0)x4x10
hrehfeRL
Z,=h, ——"—L_-200-0=200Q

m le_1+hoeRL -
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Chapter 19, Problem 95.

Realize an LC ladder network such that
S +5s
s* +10s* +8

Yo
Chapter 19, Solution 95

1 s +10s* +8
Yy, 8P +5s

LetZ, =

Using long division,

7 - +552+8_ L iz
AT T s T s
i L =1H ¢ 7z, -3*8
1.C. = an =
© ! B3 +5s
as shown in Fig (a).
! .
| —/0000"
Zy i
(@)
v _L_s3+5s
577, 5s*+8

Y2 = I/ZA
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Using long division,

YB:0.2s+5S2+8:sC2+YC
h C.—02F and Y. =2
where , =0. an ¢T38

as shown in Fig. (b).

(b)
7 1 55*+8 5s . 8 —_ 1
=== - = S —
<Y, 3.4s 34 3.4s *sC,
i.e. an inductor in series with a capacitor
5 34
L3=§=1.471H and C4=?=0.425F
Thus, the LC network is shown in Fig. (¢).
0425F 1471 H 1H

———w 00—

\
J

(©)
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Chapter 19, Problem 96.

Design an LC ladder network to realize a lowpass filter with transfer function

H(s) 1

B s*+2.613s> +3.414s” +2.613s+1

Chapter 19, Solution 96
This is a fourth order network which can be realized with the network shown in Fig. (a).

L, L;
— 00— — T

y)
M\

C: T Cs A

(@)
A(s) = (s* +3.414s% + 1)+ (2.613s® + 2.613s)

1

2.613s* +2.613s
s* +3.414s* +1

1
T0.613s% +2.613s

H(s) =

which indicates that

1
Y2175 6135° +2.613s

st +3.414s+1
Yo

T 2.613s% +2.613s

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

2.414s* +1
2.613s% +2.613s

y,, =0.383s+ =sC,+Y,

. 241457 +1
A 2.613s7 +2.613s

Le. C,=0383F and

as shown in Fig. (b).

C: T Cs =
(b) Y22
7 - R 2.613s’ +2.613s
ATY, 241487 +1
By long division,
Z, 10825+ — 8 _g 17
SR D IV FCI bt
i 1.531s
1.e. L,=1.082H and B = m
as shown in Fig.(c).
Ly L3

=

V4
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1 1
Y, =—=1577s+ =sC,+—
*T 7, ST1s31s 0TS
Le. C,=1577F and L, =1531H
Thus, the network is shown in Fig. (d).
1.531 H 1.082 H
— 00 00" .
1.577F /~ 0383 F = §
(d)
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Chapter 19, Problem 97.
Synthesize the transfer function

Vv, S
ST +6s+125+24

S

3

using the LC ladder network in Fig. 19.133.

O

Figure 19.133
For Prob. 19.97.

Chapter 19, Solution 97

3

s
H(s) = s’ __8*+12s
(s® +12s) + (6s* +24) - 6s” + 24
s’ +12s
Hence,
65’424 1 7 )
Y2 = g3 10s T sC, O
where Z, is shown in the figure below.
G Cs

e

X

S

VAN V22
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We now obtain C; and Z, using partial fraction expansion.
Let 6s>+24 A Bs+C
e L
© s(s?+12) s s*+12

6s> +24=A(s* +12)+Bs* +Cs

Equating coefficients :
s 24=12A —— A=2
st 0=C
s’:  6=A+B ——> B=4

Thus,
6s>+24 2 4s
s(s*+12) s s*+12
Comparing (1) and (2),
1 1
C,=—=7F
A2
1 s*+12 1 3
e 3
Z, 4s 477 ©
But L )
u ZA =S 1 SL2
Comparing (3) and (4),
1 1
C, :ZF and L, =3 H
Therefore,

C,=025F, L,=03333H, C,=05F
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Chapter 19, Problem 98.

A two-stage amplifier in Fig. 19.134 contains two identical stages with

2kQ  0.004
[h]=
200 500uS

If Z, =20k <, find the required value of V to produce V, =16 V.

1Q

+
Vs [ha] [hb] ZL Vo

Figure 19.134
For Prob. 19.98.

Chapter 19, Solution 98

A, =1-08=02

~Ap/hy; —hy/hy] [ 0001 —10
—hyy/hy;  —1/hy | |-2.5x107% - 0.005

[Ta]:[Tb]:{

26x107°  0.06 }

T] = [T, ][Ty] =
=] L.smo‘g 5x107°

We now convert this to z-parameters

: _{A/C AT/C}_ 1.733x10°  0.0267
1/C D/C 6.667x107  3.33x10°
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1000 I] Z11 7)) IZ
A A _> ‘_
+ + +
+
Vs<> 212 1 21y Vo
VS 2(1000+le)11+21212 (1)
Vo =2zl + 2911 2)
But VO = _IZZL —_—> 12 = —VO /ZL (3)
Substituting (3) into (2) gives
1 V%)
I =V,| —+ 4)
221 7212y
We substitute (3) and (4) into (1)
1
v, =(1000+z11)(—+i 2y
711 7312y 7y,

= 7.653x1074 = 2.136x107° = 744uV

7y
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Chapter 19, Problem 99.

Assume that the two circuits in Fig. 19.135 are equivalent. The parameters of the two
circuits must be equal. Using this factor and the z parameters, derive Egs. (9.67) and
(9.68).

Z, Z,

ao—] —oc¢

bo od
(a) (b)

Figure 19.135
For Prob. 19.99.

Chapter 19, Solution 99

Zab :Zl +Z3 :Zc || (Zb +Za)
+Z,)

Z,+7,=—"""—"—>+— 1
1A Z,+7, +7, 1
2,=72,+7Z,=1,|(Z,+Z1,)
7 (Z,+Z
Z2+Z3:—a(  +2.) )
7. +7,+7Z,
Z,.=72,+7,=7,|(Z,+Z1,)
Z, (Z,+7Z
Z1+Z2: b( a c) (3)
7,+7, +7Z
Subtracting (2) from (1),
7. (2, -7
2,-7,= o2 ) (4)
7,+7, +7,
Adding (3) and (4),
Zch
(5)

Z, =2
' Z,+Z,+Z,
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Subtracting (5) from (3),

7 - 7.7, ©)
L, +Z,+Z,
Subtracting (5) from (1),
7.7
7 =—"7=2 7
P Z,+Z,+Z, @
Using (5) to (7)
Z.2,2.(Z,+7,6+Z1,)
2.2,+71,2.+7,Z, = Z +Z +Z)
a b c
7.7,+7,7Z +ZZ:% (8)
172 273 31 Za +Zb +ZC

Dividing (8) by each of (5), (6), and (7),

1,.7,+7,7,+7.7,

7, =
Zl
1,7,+7,7,+7.7,
Z, =
Z3
 2,2,+2,2,+Z,Z,
[ Z2

as required. Note that the formulas above are not exactly the same as those in Chapter 9

because the locations of Z, and Z_ are interchanged in Fig. 18.122.
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CHAPTER SEVEN
TWO-PORT NETWORKS
This chapter discusses the application of MATLAB for analysis of two-port
networks. The describing equations for the various two-port network represen-
tations are given. The use of MATLAB for solving problems involving paral-

lel, series and cascaded two-port networks is shown. Example problems in-
volving both passive and active circuits will be solved using MATLAB.

7.1 TWO-PORT NETWORK REPRESENTATIONS
A general two-port network is shown in Figure 7.1.

» <
> <

1

+ +
Linear
V, two-port Vv,
network

Figure 7.1 General Two-Port Network

I, and V| are input current and voltage, respectively. Also, /, and V, are

output current and voltage, respectively. It is assumed that the linear two-port
circuit contains no independent sources of energy and that the circuit is initially
at rest ( no stored energy). Furthermore, any controlled sources within the lin-
ear two-port circuit cannot depend on variables that are outside the circuit.

7.1.1  z-parameters

A two-port network can be described by z-parameters as
Vi=z,1, +z,1, (7.1
V,=z,1, +z,1, (7.2)

In matrix form, the above equation can be rewritten as



0 &, z,00,0

=0 H (7.3)
%/2 O Ba 22 %2 U
The z-parameter can be found as follows
_n
n = Z 1,=0 (7.4)
d (7.5)
Z, =—|, . .
12 I, 5,=0
e (7.6)
Zy, =— .
21 1, 1,=0
& (7.7)
Zyy =, - .
2 I, 1,=0

The z-parameters are also called open-circuit impedance parameters since they
are obtained as a ratio of voltage and current and the parameters are obtained

by open-circuiting port 2 (1, =0) or portl ([, =0). The following exam-
ple shows a technique for finding the z-parameters of a simple circuit.

Example 7.1

For the T-network shown in Figure 7.2, find the z-parameters.

Figure 7.2 T-Network

© 1999 CRC PressLLC



Solution
Using KVL
Vi=Z1,+Z,(, +1,) =(Z, +Z,)I, +Z,1, (7.8)
V,=2,1, +Z,(I, +1,) =(Z;)I, +(Z, +Z;)I, (7.9)
thus

0,0 X +Z, Z, [M, 0 (.10
=0 [l .
E/zD 0 4, Z,+Z, %2D

and the z-parameters are

[Z] [k * 2 4 L (7.11)
=0 [l .
0 4, Z,+7Z,0

7.1.2  y-parameters

A two-port network can also be represented using y-parameters. The describ-
ing equations are

I =y WV +yub, (7.12)

L, =y, Wy +y,V, (7.13)

where

V| and V, are independent variables and

I, and I, are dependent variables.

In matrix form, the above equations can be rewritten as

U1B_ D ylzmm% (7.14)
gzﬂ 521 Yo 2 [0 '

The y-parameters can be found as follows:

© 1999 CRC PressLLC
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Yu =71
I,

Y12 :V_2
_1
Yo _71
_1
Y _V_2

V=0

(7.15)

(7.16)

(7.17)

(7.18)

The y-parameters are also called short-circuit admittance parameters. They are
obtained as a ratio of current and voltage and the parameters are found by

short-circuiting port 2 (¥, =0) or port 1 (¥, =0). The following two exam-

ples show how to obtain the y-parameters of simple circuits.

Example 7.2

Find the y-parameters of the pi (T7) network shown in Figure 7.3.

ly ’

+

Figure 7.3 Pi-Network

Solution

Using KCL, we have

1, =VY, +(V, =V)Y, =V (¥, +Y,) 15,

(7.19)
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12 =V2Yc +(V2 _Vl)Yb = _VIYb +V2(Yb +Yc) (7.20)

Comparing Equations (7.19) and (7.20) to Equations (7.12) and (7.13), the y-
parameters are

o, +Y - 0
B v v +vH (7.21)

Example 7.3

Figure 7.4 shows the simplified model of a field effect transistor. Find its y-
parameters.

|14> D I2
|

+

<
!

el

e

IV Y, \Y

Figure 7.4 Simplified Model of a Field Effect Transistor

Using KCL,
1, =VsC +V, =V,)sC, =V,(sC, +sC,) +V,( =C;) (7.22)

I, =Wy, +g VvV, +(V, =V))sC; =V,(g, —sC;) +V,(Y, +sC;)
(7.23)

Comparing the above two equations to Equations (7.12) and (7.13), the y-
parameters are



$C, +sC;, —sC;, O

7.24
Egm—sc3 Y2+SC3E 729

[¥] =
7.1.3  h-parameters

A two-port network can be represented using the h-parameters. The describing
equations for the h-parameters are

V,=h,I, +h,V, (7.25)
I, =hy,I, +h,V, (7.26)

where
I, and V, are independent variables and

V| and [, are dependent variables.

In matrix form, the above two equations become

0 h, h, 0O
2 [ 21 » 112 [

The h-parameters can be found as follows:

hy, _?_1 7,20 (7.28)
hy, % 10 (7.29)
h,, ‘% ¥, =0 (7.30)
hy, _Ilf_z 1,20 (7.31)

© 1999 CRC PressLLC
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The h-parameters are also called hybrid parameters since they contain both
open-circuit parameters (/, = 0 ) and short-circuit parameters (¥, =0). The
h-parameters of a bipolar junction transistor are determined in the following

example.
Example 7.4

A simplified equivalent circuit of a bipolar junction transistor is shown in Fig-
ure 7.5, find its h-parameters.

Z,
l, — —,
+ +
V, L) sl Y, v,
Figure 7.5 Simplified Equivalent Circuit of a Bipolar Junction
Transistor
Solution
Using KCL for port 1,
V., =172, (7.32)
Using KCL at port 2, we get
1, =0l +YV, (7.33)

Comparing the above two equations to Equations (7.25) and (7.26) we get the
h-parameters.

0

(7.34)
)7 D ' *
2 |:|

mﬁ'
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7.1.4  Transmission parameters

A two-port network can be described by transmission parameters.

scribing equations are
Vi=a,V, —a,l,
Iy =a,V, —ayl,

where
V, and I, are independent variables and

V, and I, are dependent variables.

In matrix form, the above two equations can be rewritten as

0 @, a,00V,

% al %21 azz%lzﬂ

The transmission parameters can be found as

4
a, = -
1" I,=0
£
V
A, =~/ |, =
12 Vy=0
I 2
2
1,
ay = 1,=0
=
v,
I,
axn = T n=0
2

The de-

(7.35)

(7.36)

(7.37)

(7.38)

(7.39)

(7.40)

(7.41)

The transmission parameters express the primary (sending end) variables V),

and I, in terms of the secondary (receiving end) variables V), and -/,. The

negative of /, is used to allow the current to enter the load at the receiving

end. Examples 7.5 and 7.6 show some techniques for obtaining the transmis-

sion parameters of impedance and admittance networks.



Example 7.5

Find the transmission parameters of Figure 7.6.

1

Figure 7.6 Simple Impedance Network

Solution

By inspection,

1, =-1, (7.42)
Using KVL,
V.=V, +Z1, (7.43)

Since I, = —1,, Equation (7.43) becomes

V.=V, -Z1, (7.44)
Comparing Equations (7.42) and (7.44) to Equations (7.35) and (7.36), we
have

a,; =1 a, =7, (7.45)

a, =0 a,, =1 )

© 1999 CRC PressLLC
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Example 7.6

Find the transmission parameters for the network shown in Figure 7.7.

l, — «— |,
* +
v, Y, v,
Figure 7.7 Simple Admittance Network
Solution
By inspection,
v, =V, (7.46)
Using KCL, we have
1, =VY -1, (7.47)

Comparing Equations (7.46) and 7.47) to equations (7.35) and (7.36) we have

a, =1 a, =0 7.4
a, =Y, a, =1 .

Using the describing equations, the equivalent circuits of the various two-port
network representations can be drawn. These are shown in Figure 7.8.

Z, Zy

121 2171

(a)
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1 «—
’ | | .
Vi Y.V, J, Y2V, J, Yo Vs Y, V, v,
(b)
h,
l, — b
+ ‘ +
Vv, \L hwz V2 \L h21 |1 h22 Vz
(c)

Figure 7.8 Equivalent Circuit of Two-port Networks (a) z-
parameters, (b) y-parameters and (c ) h-parameters

7.2 INTERCONNECTION OF TWO-PORT NETWORKS

Two-port networks can be connected in series, parallel or cascade. Figure 7.9
shows the various two-port interconnections.

* Vi [, Ve

i 21, VY

(a) Series-connected Two-port Network



v, Iv1, Va

Y1,

(b) Parallel-connected Two-port Network

, —» L — l, —»
+ + +
v, 1A, V, [Al, v,

(c) Cascade Connection of Two-port Network
Figure 7.9 Interconnection of Two-port Networks (a) Series

(b) Parallel (c) Cascade

It can be shown that if two-port networks with z-parameters
[Z] 1 ,[ j 2[ Z 3s I Z , are connected in series, then the equivalent two-

port z-parameters are given as

(2., =14, 44,47, +.k7, (7.49)

If two-port networks with y-parameters [Y ] | ,[ ﬂ 2,[ )1 15 ,[ )]7 , are con-

nected in parallel, then the equivalent two-port y-parameters are given as

M, =0, 4, 4%, +.kY, (7.50)

When several two-port networks are connected in cascade, and the individual
networks have transmission parameters [A] I ,[ A] 2[ /j 1s I /1 . » then the

equivalent two-port parameter will have a transmission parameter given as

(4, =[4, {4,144, F4&, (7.51)

© 1999 CRC PressLLC



The following three examples illustrate the use of MATLAB for determining
the equivalent parameters of interconnected two-port networks.

Example 7.7
Find the equivalent y-parameters for the bridge T-network shown in Figure
7.10.
24
" | B :
+ \—1 \—1 +
V1 23 V2
1
Figure 7.10 Bridge-T Network

Solution

The bridge-T network can be redrawn as

[\

Figure 7.11 An Alternative Representation of Bridge-T Network

© 1999 CRC PressLLC
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From Example 7.1, the z-parameters of network N2 are

Z +Z, Z, 0O
=02 2+zf
L 43 2 3

We can convert the z-parameters to y-parameters [refs. 4 and 6] and we get

— ZZ + Z3
y” B ZIZZ +Z|Z3 +ZZZ3
—_ Z3
YT 77 +2.2
142 143 243
(7.52)
_ B Z3
y21 ZIZZ +ZIZ3 +ZZZ3
7 +7,
Yo =

) ZIZZ + ZIZS + ZZZ3

From Example 7.5, the transmission parameters of network N1 are
a; =1 a, =2,

a, =0 a,, =1

We convert the transmission parameters to y-parameters| refs. 4 and 6] and we
get

: 1
Y _Z_4
1
Yo ="
A (7.53)
| .
y T — e—
21 Z4
1
Yo = Z_4



Using Equation (7.50), the equivalent y-parameters of the bridge-T network

are
1 Z +Z
Vieg =7 F
" 7, 2Z,+7,Z, +Z,Z,
__ 1 Zy
Yo =T T 7 v 2.7, 42,7,
7.54
e A (7.54)
Yo =T T 7+ 2.7, + 2,2,
1 Z+Z,
Voeg =7 F
7, Z27,+2.7,+7Z,Z,
Example 7.8

Find the transmission parameters of Figure 7.12.

Z,

Figure 7.12 Simple Cascaded Network
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Solution

Figure 7.12 can be redrawn as

Figure 7.13 Cascade of Two Networks N1 and N2

From Example 7.5, the transmission parameters of network N1 are

a, =1 a, =7,

a,, =0 a,, =1
From Example 7.6, the transmission parameters of network N2 are

a, =1 a, =0

a, =Y, a, =1
From Equation (7.51), the transmission parameters of Figure 7.13 are

&, @,0 _0 Z1 00 O+ZY, Z0O (7.5%)
O = =0 O :
%’21 anl], %) 1 %/2 g oup 10

© 1999 CRC PressLLC



Example 7.9

Find the transmission parameters for the cascaded system shown in Figure
7.14. The resistance values are in Ohms.

I, —» 2 4 8

+

\Z

| | | | |
| | | | |
| | | | |
| | | | |
1 1 1 1 1
| 1 | 2 | 4 | 8 |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |

N1 N2 N3 N4

Figure 7.14 Cascaded Resistive Network

Solution

Figure 7.14 can be considered as four networks, N1, N2, N3, and N4 con-
nected in cascade. From Example 7.8, the transmission parameters of Figure

7.12 are
[d] 0D 20
1o =H 1
03 40
[a]NZ :H)S IH
[ ] _D3 80
v = Hos 1
03 1607

Ll e = H125 1H

The transmission parameters of Figure 7.14 can be obtained using the follow-
ing MATLAB program.

© 1999 CRC PressLLC



© 1999 CRC PressLLC

MATLAB Script

diary ex7 9.dat
% Transmission parameters of cascaded network

al=[32;11];
a2=[34;0.51];

a3 =[38;0.251];
a4 =[316;0.1251];

% equivalent transmission parameters
a=al*(a2*(a3*a4))
diary
The value of matrix a is
q=

112.2500 630.0000
39.3750 221.0000

7.3 TERMINATED TWO-PORT NETWORKS

In normal applications, two-port networks are usually terminated. A termi-
nated two-port network is shown in Figure 7.4.

9
I1 « IZ
L, +
+
Y <9 Vi v 4

Figure 7.15 Terminated Two-Port Network

In the Figure 7.15, Vg and Z g are the source generator voltage and imped-

ance, respectively. Z, is the load impedance. If we use z-parameter repre-

sentation for the two-port network, the voltage transfer function can be shown
to be
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E 202,
V

= (7.56)
e (z1) +Zg)(zzz +Z,) —z,2y
and the input impedance,
Z,Z
Z, =z~ (7.57)
ZpntZ,
and the current transfer function,
I, 2y
— == 7.58
I zptZ, 739

A terminated two-port network, represented using the y-parameters, is shown
in Figure 7.16.

h, —
[ +
+ +
[ -

Figure 7.16 A Terminated Two-Port Network with y-parameters
Representation

It can be shown that the input admittance, Y, , is

V2o
2T B — (7.59)
VY,
and the current transfer function is given as
1 V5,7,
t= . (7.60)

I, - i T Y )y 1) — vy



and the voltage transfer function

E ___Ya
Vg yntY,

(7.61)

A doubly terminated two-port network, represented by transmission parame-
ters, is shown in Figure 7.17.

zin
ZQ
L, ) I,
L—» +
+
(Al
Vg @ \/1 VZ ZL

Figure 7.17 A Terminated Two-Port Network with Transmission
Parameters Representation

rameters can be obtained as follows.

The voltage transfer function and the input impedance of the transmission pa-
have

From the transmission parameters, we

Vi=aV, —a,l,

(7.62)
I, =a,V, —a,l, (7.63)
From Figure 7.6,
V,=-1,Z,

(7.64)
Substituting Equation (7.64) into Equations (7.62) and (7.63), we get the input
impedance,

_ anZ, +a, (7.65)
"ay,Z, tay

© 1999 CRC PressLLC
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From Figure 7.17, we have
Vi=V,-1Z, (7.66)

Substituting Equations (7.64) and (7.66) into Equations (7.62) and (7.63), we
have

a
V,~1,Z, =V,la, +%] (7.67)

L
ax
I, =V,la, +-7] (7.68)
Z,
Substituting Equation (7.68) into Equation (7.67), we get
V. ~V,Z [ay + 2] =V, [a,, +2=
. ~V2Z,lay, 7 1=Vlay, 7 ] (7.69)
L

L

Simplifying Equation (7.69), we get the voltage transfer function

£ Z,
“2 = (7.70)
Vg (ay, +a212g)ZL ta, +a222g

The following examples illustrate the use of MATLAB for solving terminated
two-port network problems.

Example 7.10

Assuming that the operational amplifier of Figure 7.18 is ideal,

(a) Find the z-parameters of Figure 7.18.

(b) If the network is connected by a voltage source with source
resistance of 50Q and a load resistance of 1 KQ, find the voltage
gain.

(c) Use MATLAB to plot the magnitude response.
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10 kilohms

Iy 2 kilohms

B 2kilohms  «— 1,
R, 1 kilohms
* R, +
+ R,

J; VZ
v, C = 0.1 microfarads I é
Figure 7.18 An Active Lowpass Filter
Solution
Using KVL,
V= R, + 1
= — 7.7
1 oo (7.71)
V,=R,1, +R,, +R,I, (7.72)
From the concept of virtual circuit discussed in Chapter 11,
R, = 7.73
2 =0 (7.73)
Substituting Equation (7.73) into Equation (7.72), we get
2 sCR, 442 .

Comparing Equations (7.71) and (7.74) to Equations (7.1) and (7.2), we have
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z, = R +E
Zp =
0 R (1.75)
2 =g R CQ
2
Zy =R,

From Equation (7.56), we get the voltage gain for a terminated two-port net-
work. It is repeated here.

E — 224,
v, (2 +Zg)(222 +Z,) —z,2,

Substituting Equation (7.75) into Equation (7.56), we have

(1+ &)Z
R, L

S

v = (R, +Z)[1+sC(R, +Z,)] (7.76)

g

For Z,=50Q, 7, =1KQ, R, =10KQ, R, =1KQ,R, =2 KQ
and C = 0.1 UF, Equation (7.76) becomes

|

2
= -4
v, [1+105%107s]

(7.77)

The MATLAB script is

%

num = [2];

den=1[1.05¢-4 1];

w = logspace(1,5);

h = fregs(num,den,w);

f=w/(2*pi);

mag = 20*log10(abs(h)); % magnitude in dB
semilogx(f,mag)

title('Lowpass Filter Response')
xlabel('Frequency, Hz')
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ylabel('Gain in dB')

The frequency response is shown in Figure 7.19.

3

Gain in dB

1ok J

-15 :

Lowpass Filter Response
1D T T T T

10° 10 10* 10°
Frequency, Hz

10 10

Figure 7.19 Magnitude Response of an Active Lowpass Filter
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EXERCISES

7.1 (a) Find the transmission parameters of the circuit shown in Figure
P7.1a. The resistance values are in ohms.

1 2
—AAA AAN—

Figure P7.1a Resistive T-Network

(b) From the result of part (a), use MATLAB to find the transmission
parameters of Figure P7.2b. The resistance values are in ohms.

32

Figure P7.1b Cascaded Resistive Network

7.2 Find the y-parameters of the circuit shown in Figure P7.2
The resistance values are in ohms.

© 1999 CRC PressLLC
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20

L, 2 2 «
AAAY A%
+ +
V, Y
10 4 § 10
Figure P7.2 A Resistive Network
7.3 (a) Show that for the symmetrical lattice structure shown in
Figure P7.3,
7 =2, =05(Z, +2,)
7, =2y =05(Z, -2,)
(b) If Z, =10Q, Z, =4Q, find the equivalent y-
parameters.
Zd
ZC
ZC
Zd

Figure P7.3 Symmetrical Lattice Structure



7.4 (a) Find the equivalent z-parameters of Figure P7.4.
(b) If the network is terminated by a load of 20 ohms and connected

to a source of V; with a source resistance of 4 ohms, use MATLAB
to plot the frequency response of the circuit.

2H 2H
a—" Y VY Y Y g
+ +
10 Ohms
[ ] [ ]
+~ O025F
5 Ohms 5 Ohms
L aAVAVAV, AVAVAYe

Figure P7.4 Circuit for Problem 7.4

7.5 For Figure P7.5
(a) Find the transmission parameters of the RC ladder network.
V.
(b) Obtain the expression for 72 .
1

£

(c) Use MATLAB to plot the phase characteristics of 7 .

1

R R R

Figure P7.5 RC Ladder Network

© 1999 CRC PressLLC



© 1999 CRC PressLLC

7.6

For the circuit shown in Figure P7.6,

(a) Find the y-parameters.

(b) Find the expression for the input admittance.

(c) Use MATLAB to plot the input admittance as a function of

frequency.

R,

(@)

N

7.7

Figure P7.6 Circuit for Problem 7.6

For the op amp circuit shown in Figure P7.7, find the y-parameters.

Figure P7.7

Op Amp Circuit
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