Chapter 19, Solution 1.

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

1Q 4Q Iz=0
— AW —
+ L, +
I (T) Vi § 6 Q 2Q Vv,
()
Vl
Z11=I—=1+6||(4+2)=4Q
1
1
I,=21, vV, =21, =1,
V2
Z,,=—7—=1Q
Il
To get z,, and z,,, consider the circuit in Fig. (b).
=0 1Q 4Q
——M— W .
+ ’ +
(b)
V2
122:1—:2||(4+6)=1.667Q
2
2 1 '
L= ok =cl VvV, =61,'=1,
Vl
Z,=7T=1Q



Hence,
(4 1

(2= 1 1.667 |

Chapter 19, Solution 2.

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

1Q I, 1Q 1Q 1Q L=0
Y Y W—— YV W
+ 0 +
I1<T> Vi §IQ §IQ 1Q V,
Sy A A A .

1Q 1Q 1Q 1Q

(a)
v,

L=241)|[2+1]|2+])]

z, =

Ll

1

2+1H(2+3) 2+(1)(H/4) 2+11 2.733
Z = - = -, = - = .
! 4 1+11/4 15



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

L=0 1Q 1Q 1Q 1Q
——\\\, AWV AWV AMN—e——
+ +
\' §1Q §1Q §1Q V; (T)Iz
. AWV AWV AWV AMN—e——

1Q 1Q 1Q 1Q

(b)
VZ
zy =15 =2+1[2+1]|3) =2, =2733

2

Thus,

B [ 2.733
(2= .06667

0.06667 |
2.733 J

Chapter 19, Solution 3.

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

Iz=0

By current division,

(4]

RN

J




vV, =1, =],
v, .
Z, :r:J

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

=0 - Q
— .
+ +
Vi % iQ § 1Q V, CT) I,
(b)
v, o
2, =1 =10(G-)=0
2
vV, =]l
Vl
Z), :E:J
Thus,
: ]_|_1+j j-|Q
z i ()J
(b) To find z,, and z,,, consider the circuit in Fig. (c).
iQ Q=0
+ +
=10
or

(©)



| <

z, =

o]

1

V, = (1.5-j0.5)1,

2, =—2=15-j0.5

V2
I,

1 =j+1+1||(-j)=1+j+—1'_Jj —1.5+0.5

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

L=0 jQ - Q
) —f——
+ +
<10
V1 Vz (T I2
QT § 1Q

(d)

\Y
z,, :1—2:-j+1+1||(-j):1.5-j1.5
2

V, =(1.5-j0.5)1,

Y
z, =

Sallhe

Thus,

]

=1.5-0.5

[1.5+j0.5 1.5-j0.5 ]
_|_1.5—j0.5 1.5—j1.5

Chapter 19, Solution 4.

Transform the IT network to a T network.

7,

—L

I

73

—




_(12)lo)y  j120
P124510-35 1245

The z parameters are

Z,=12, =

_ (J60)(12-j5) _ .
0w =Ly = e =-1.775-j4.26

i120)(12 - j5
z2,=2,+z,= %+Z12 =1.775+ j4.26
50)(12 - j5
2,=2,+17, = %Jr 2, =1.7758 - 5.739
Thus,
[ 1.775+j4.26 -1.775- j4.261Q
21=| _1775- ja26 1.775-5.739 |

Chapter 19, Solution 5.

Consider the circuit in Fig. (a).




s?+s+1

T 28 43541
1 L
[ = S I = s+1 I =
0 1 1 1 S 5
| —4+1+s+— ——+14+s+- ——+s" +s+1
S s s+1 S s+1
IO: 3 ZS
s”+2s" +3s+1
1 I
V.=-1 = 1
s 24287 +3s+1
L Va1
r P28 +3s+1
Consider the circuit in Fig. (b).
I]=0 1 S
. > AN—0G00— o
+ +
Vi § 1 - 1/s /s = V, CT) I,
(b)
VvV, 1 1) 1 1
Z,, =—=—|[|1+s+1]|-)=—|[|1+s+——
, S s/ s s+1
i) e
—|l+s+——
S s+1 1+S+S+1
Zy, = 1 = S
—4l4+s+——  I+s+s’+——
S s s+1
8P +2s+2
T = G s 13541
Z), =17y

Hence,




|_ s?+s+1 1 —|
I s +2s2+3s+1 s*+2s2+3s+1 I
[ s2+2s+2 J

s?+2s2+3s+1 s>+2s2+3s+1

Chapter 19, Solution 6.

To find z,, and z,,, connect a voltage source V, to the input and leave the output
open as in Fig. (a).

L 100 200

W AW :
+
\Z CD 05v, <> aZ \Z
(a)
VieVo sy, 4 here V, = 30 ' 3y
10 27507 where 20430 '° 5

\%
V, =V, +5@V0j+ =42V,

Ve 32y gy
100 10 0 T e
Vi _ 42V, 13.125Q
T Tomv, T
Y. 06V, L och
T T o3V, T

To obtain z,, and z,,, use the circuit in Fig. (b).

100 200
— W\ VW <

+

Vi Doesv. =300 CD vV

(b)

I,




I,=0.5V, +—(2) =0.5333V,

Thus,
[ 13.125 -16.875 |

21=| 1875 1875

Chapter 19, Solution 7.

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

12:0
L 00 100Q —
+
+ +
Vx 50Q 60 Q

"o v

>\2Vx -

+
Vl—VX:&+VX+12VX . v :ﬂl
20 50 160 * 121
Vi-Vx _81 VM

(=) —— 211=ﬁ=29.88

I = =
20 121 20 I



13V, 57 57 40 _ﬂ(ﬂ) 20x121

V, = 60 12V, =2y, =20y, =
2 =600 x =g x =T VI = ()

= 7037, —> 75y = % =-70.37
1

To get zj; and 2z, we consider the circuit below.
I

L=0 .20 Aoe —

Vx 50Q 60 Q

" - Ov.

2Vy -

50 1 V, | Vy+12V
Vym———Vy=—V,, =24 27 "k
100+50 > 3 150 60

= 0.09V,

2oy =~2 1/0.09 = 11.11
I,

1 11.11
Vi =V, = §V2 :le =3.7041, —— z|p= % =3.704
2

] 2088  3.704
127037 11.11

L



Chapter 19, Solution 8.

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

14 Q
|
_|._
j6 Q2

+
V,

v, O

- Vi .
V1=(10—J2+J6)Il —> le=I—=10+_]4
1
. V, )
V2 2—1011—_]411 2 Zn1 :I_:_(10+J4)
1
To get 7y, and z;,, consider the circuit below.
j4Q
Ii(l |—_]|2 Q T u 5Q I,
||
+
j6 Q2
+
\




Z7) :&:15+j8

Vo =(5+10+38), —— N
2

Vl :—(10+j4)12 —> Z12 :%:—(104-_].4)
2
Thus,
10+34) —-(10+j4)
z] = ] ) Q
—-(10+34) (15+38)

Chapter 19, Solution 9.

It is evident from Fig. 19.5 that a T network is appropriate for realizing the z

parameters.
R, 6Q 2Q
—\\, MA—

R,
—\W\ MA—
§R3 = §4Q

R,=2z,-2,=10-4=6Q
R,=2,,-2,=6-4=2Q

Ry=2,=2,=4Q

Chapter 19, Solution 10.

This is a non-reciprocal circuit so that the two-port looks like the one

(a)
shown in Figs. (a) and (b).
¥4y} I,

I A0
+

+
+ +
Vi 12 I < _ml; V,

) (a)




(b) This is a reciprocal network and the two-port look like the one shown in
Figs. (¢) and (d).
I, 711 — 712 7 — 712 I
+ +
Vi |::| Z12 V,

(©

I 25Q 10Q I,

+ +
\ 20, 7T 5L V)

(b)
1

Z,—Z,=1+—= 1+E

Zy,—Z, =28

1
Z,= S
I, 1Q 05F 2H I,
——W\—¢ O ——
N
+ +
Vi —~1F V,

(d)



Chapter 19, Solution 11.

This is a reciprocal network, as shown below. )
145 34 10 50 30 e
A VAN 20 W4 VA NIV Vo N
5-2 50
J ﬁ
—— .0

Chapter 19, Solution 12.

This is a reciprocal two-port so that it can be represented by the circuit in Figs. (a)

and (b).
I,

I, Z11 — 712 7 — 7112
+ +
|::| Z12 V, § 2Q

Vi
(@)
I, 8Q 2Q I,
S M ——— |
+ + 0
Vi § 4Q V, 2Q
(b)

From Fig. (b),
V, =8+4|4I, =101,



By current division,

1
I,=>1,. v, =21, =1,
V2 Il
—Z_—L _.1
101, ——

Chapter 19, Solution 13.

This is a reciprocal two-port so that the circuit can be represented by the circuit below.

§ 100 Q2

40 Q 50 Q 20Q
— WA ——AAW— MW\
120£0° V <f> L ) 1Lt 0 [ L
rms
We apply mesh analysis.
For mesh 1,
-120+90I, +10I, =0 —— 12=91,+1,
For mesh 2,

301, +1201, =0 —— I, =4I,
Substituting (2) into (1),

12=-361,+1,=-351, —> 1,=

1

L. p 12
P=L | R="{1] (100)=5877W

2\35

35



Chapter 19, Solution 14.

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

I

Y

] v

I

*

(@)
Vi=z, 1, +z,1,
V,=z, 1, +z,1,
But
V, =1, VvV, =-7Z.1,
Hence, O=(z,+Z)I, +z,,I, —> I, =
-7, 7
1= 2% ]I
(le +Z Z, |1,
v, 1 ZyZy

=Zy -
L, I, z,+Z,

Z, +Z,

(1)
2)

-7y,

I

2

(b)

12:(), V1:VS_IIZS



Substituting these into (1) and (2),

A\Y
V-172=z,1 —> I = 2
s 1 s 111 1
z,+Z,
2, V,
V, =z =
2 214 le+Zs
V _ Z21‘75
Th 2= Z
Z,+ L

Chapter 19, Solution 15.

(a) From Prob. 18.12,

Z12Z21 —120— 80x60 _ 24

71y =29y — =
T+ 2, 40+10
Zy = Zy = 24Q
Z21 80
b) Vi = V. = 120) =192
() Vrn 211+ 2, 20+1002"
:ﬂ:mzz:mz
TSR, 8x24 T

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 —— 1
15£0°V C) D i6Q % 40

(a) b




At terminals a-b,
L, =(4-36)+j6 | (5+10-j6)

jo(15 - jo)
+ =

Z., =4-i6 4-i6+2.4+i6

Z. =640

j6 .
V, =——F——(1520° = j6 = 6£90° V
™= jer5410-j6 00N =I6=6290°V

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

6.4 Q
MA .
+
6/90°V V, j4Q
(b)
From this,
V. = 1 (j6) =3.18.£148°
o T a4t a T

v, (t) = 3.18cos(2t + 148°) V

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.

Vi, e (2)®)
Z”_I =(4+8)]|(2+6)=12||8= 20 =4.8Q
1
8 2 .3
I = I =C1 I, =<1
8+12 5 5
But -V, —41, +21, =0
. -8 6 -2
V2 :-4IO+210 :?Il+gll :?11
vV, -2
121—1—2?2-0.4Q
1

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

I,=0 4Q
— > AN .
+ , 0 +

Vi .o vi (D
. /NNN m .

6 Q
(b)
_ Y iy ere=6)14=2Y 450
1= =D B+6) =614 == =4,

Z,=12, =-04Q
Thus,

[48 -04]

21=] 04 42

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



I 220 L N
YII AZ 20 YIZ AZ 20
_-Z_zl_%_ooz _i_ﬁ_024
y21 AZ 20 - y22 AZ 20
Thus,
[0.21 0.02]

Y1=] 002 024]5

Chapter 19, Solution 18.

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

I, 6 Q 3Q I,

A
[ ]

—— VW VW
Vi C) 60 =30 V,=0

(@)

V, =(6+6]3)1, =8I,

I, 1
y = =
11 1 8
-6 -2V, -V,
=" ="-Lt=""L
6+3 3 8 12
L -1
Y217y T 12

To get y,, and y, , consider the circuit in Fig.(b).
I, 6Q I, 3Q I,

—e—>— AN/, +—\\N\ <

+

Vi=0 =60 =30 (DVZ

(b)




L1 1

1
Y2 =y T 3G+6]6) 36 2
- =1, =1
=27 ° 346 2 32
1, (-1Y1 -V
)
T 6 6A2 )7 12
I, -1
Y12_V_2_E_y21
Thus,
Lt
8 12
- S
[v] |Li 1J|
12 2

Chapter 19, Solution 19.

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

I] 1 IZ
—> '\/\/\, <+ *
+

+ L
Vi C_) 1/s ~ % S V=0
1 _
MA .
(a)




v,

I] 1 IZ
* —> '\/\/\, <+
+
Vi=0 s~ %s
- 1
. W\
(b)
S
vV, =621, = +212
Yz vV, 25 s
-S -s s+2 -V,

Thus,
[s+05 -0.5 |

Y= o5 0s+1s S

Chapter 19, Solution 20.

To get yi1 and y»i, consider the circuit below.



3ix

#

I, 20 L

+
I CTD Vi 40 6Q Vi =0

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

Vl 211(4//2)=§11 —> Y11 21—12075
6 Vv,

4 2 6 1 I,
L= L =—2(=V)=—V, — =2-05
2= 50 3(8 D o Y21

To get y2» and yj2, consider the circuit below.

3ix

%_.%

L 2Q

V1:0 40 6Q2 V2 Iz




. V, . . VoV, L, 1
i,=—=, bL=i-3i,+—==—= ——> =—==—=0.1667
X 6 2 =1y x T, 6 Y22 V, 6
.V L
I[ =3, -——==0 —> =—2=0
1 X 2 Y12 V2
Thus,
[y] = 0.75 0 S
17205 0.1667
Chapter 19, Solution 21.
To get y,, and y,,, refer to Fig. (a).
0.2V,
I v, I,
P —> < o
+
VICD §5§z 0eS V=0
(@
Atnode 1,
Vl Il
I, =—+02V, =04V, —> vy, =-=04
5 V,
12
I,=-02V, —> y,, =—=-02
Vl
To get y,, and y, , refer to the circuit in Fig. (b).
0.2V,
Ly, I,
o P —> <
+
+
Vi=0 §SQ IOQ§ (_)Vz
(b)

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



V,=101, —> y”_V_z_E_Ol
Il
Vi =y =0
Thus,
[04 0]

Consequently, the y parameter equivalent circuit is shown in Fig. (¢).
Il IZ
o——— P <¢ °
+

v, §045 T 0.2V, §OJS v,

(©)

Chapter 19, Solution 22.

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

I, 20 30 I,

Vi Vo,
— W\ A —e—s—
+ +
Vi (D Vi § 1Q T Vy/2 V2=0
(a)
Atnode 1,
Vl Vl _Vo
11:T+ 5 —> I, =15V, =05V, (1)
At node 2,
YooV, % _ Y, 12V, =V 2
2 + 2 - 3 — ° 1= 0o ( )

Substituting (2) into (1) gives,



I
I,=15V,-06V, =09V, — vy, :7‘= 0.9
1

=Y _ 04y _ o4
2 = 3_'- I — Y21_V_'-
1

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

L V,

Py »-
ad L

V,/2 V,

=<
||+
o
I < + e
AN
v 2

(b)

V. =V, =0 so that the dependent current source can be replaced by an

open circuit.

I 1
V,=3+2+0)I,=5I, — y,,=—=—=02
vV, 5§
Il
I,=-1,=-02V, —> y,=—"=-02
V2
Thus,
[ 0.9 -0.21S
Y= Jo4 02 ]
(b)  Togety, and y,, refer to Fig. (c).
L' iQ
—0000"
I, I, 1Q 1Q . I,
> g VAAY AMN—>——<—
+
+ L .
Vi (_) ™ -j Q V=0
= .
Zi (0)

Z, :J||(1+1||-J)=J||[1+1Tjj=JH(1-5—J0-5)



_j(1.5-0.5)

; =0.6+j0.8
1.5+30.5

]
—

— - =0.6- 0.8
V., Z_ T 06+08 !

n

J . 1.5-j0.5
Io :—-Il’ Io = : Il
1.5+j0.5 1.5+j0.5

C- 1, 1,
I = I = =
° 1-7° (A-)pA.5+j05) 2—j

. (15-j0.5)7  2+]
_(1.5-30.5) 120
° 2.5 5

1L, =1, +1 I,=(12-j04I,

-1, =(1.2-30.4)(0.6-3j0.8) V, =(0.4—j1.2) V,

I,

v - 04+il2=y,

Yu =

To get y,, refer to the circuit in Fig.(d).

iQ

J2.7.9.7a0

[VAVAVLY)

Il 1Q 1Q I2
+
+
Vi=0 T - Q C_) V,
? .
(d) Zout

Z,, =jlld+1]-))=10.6+j0.8

1 .
y22 = Z_Out = 0.6_ J0.8
Thus,

[ 0.6—j0.8 -0.4+j1.2]

YI=] g4+ jl1.2  0.6-j0.8




Chapter 19, Solution 23.

(a)
1 1 1
—yi2=l/-= > Y=o
s s+1 s+1
1 S+2
yintyn=1 — yy=l-yp=l+——=
s+1 s+1
1 sz+s+1
Y22 +Yi2=8 —> Y22 =8-Yyi|p =S+ =
s+1 s+1
s+2 -1
| s+1 s+1
yl= -1 sz+s+1
s+1 s+1
(b) Consider the network below.
I] IZ
1 . » -«
+ + +
[y]
Vs <> Vl V2

VS = Il + Vl
V, = -2I,
L =y11Vi+y12V2

L=y Vi +y22V2

From (1) and (3)

(1)
2)
€)
(4)



Vi=-Vi=yiiVi+yaVo  ——  Vi=(0+y1DVi+y12Va (5)
From (2) and (4),
1
05V =y \Vi+ynVa, —— Vi= —y—(0-5 +yn)Vy  (6)
21
Substituting (6) into (5),
(I+ 0.5+
v, = - yi1) }’22)\,2 Fy12Vs
Y21
_2 V- : 2/s
S
{le ——(+y )05+ mz)}
Y21
v 2/s B 2(s+1)
2- 2 T~ 3. .2
2s+3) 1 s“+s+1] s(2s” +6s”+7.55+3.5)
———+(s+1) —+
s+1 s+1 )| 2 s+1

Chapter 19, Solution 24.

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

Y,
. A .
Y, § § Y3 —
. = .
1/4 S 4Q
. A . . A .

= 40

(b) (©)



1 1 1
Y1:Y11+Y12:5_Zzzsa Z,=4Q
1
Y, -ylzzzs, Z,=4Q
31 1
Y3ZY22+Y21:§_Z:§S> Z,=8Q
Chapter 19, Solution 25.
This is a reciprocal network and is shown below.
058
0.5S 1S
Chapter 19, Solution 26.
To get y,, and y,,, consider the circuit in Fig. (a).
40
M\
20 1 2 I,
L * 2V, "
V1<_> Vx§19 V=0




Atnode 1,

V, -V
——X 42V, = ‘;X + ‘;X —> 2V, =-V_ (1)
V,-V_  V +2V, I,
But I, = y = 5 =15V, —> y“:Vl:l.S
VX
Also, I,+ 1 =2V, —— L,=175V_=-3.5YV,
I
Yo = o =33
1
To get y,, and y,,, consider the circuit in Fig.(b).
4Q
M
2Q 1 2 I,
W — <
L + 2V,
V, § 1Q V,
(b)
At node 2,
V2 _Vx
=2V, +— (2)
Atnode 1,

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

1
Yo = =-15
2
I -V, 'V, I, 0.5
= = = T = .
1 2 2 > Yo Vv,



Thus,
15 0.5 ]

¥I=| 35 -15)5

Chapter 19, Solution 27.

Consider the circuit in Fig. (a).

I, 4Q I,
——A\N— «—e
+
V1<f> 0.1V, Do S vi-o
(a)
V, =41 L_1L 0.25
1 1 11 \]1 411
I2
I,=20I,=5V, — y,, =—=5
1
Consider the circuit in Fig. (b).
I, 4Q I,
——— W\, <
+
vi=o 01V, <] Dwn S we (f)vz
(b)
41,=0.1V L _0l 0.025
= . —ﬁ y = = = .
1 2 12 ‘/2 4

\d
12:2011+ﬁ=0.5V2+0.1V2=0.6V2 — yu=7 =06

12
\E



Thus,
[0.25 0.025 ]
Y= 5 o6

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,, =0.1

h, =4, h, =-0.1, h, =20,
Using Table 18.1,
_L___Ozs —-h—lz—E—OOZS
Y11—h11— =V.2, Y12—h”— =U.
_h_ﬁ_s _ﬂ_w_06
3’21—h11 T4 T Y h“_ 4

as above.

Chapter 19, Solution 28.

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

1Q 4Q I
———AW\ M .
+ +
11<D vV, §6Q §zg V,=0
(a)
Z. =1+6]4=34
I1
Vi —71=T: 0.2941
L6 _(ﬁ Lj_ﬁv
210" \1oA3.4) 34!




I, 1Q 4Q I,
+ +
Vi=0 §6Q §ZQ V, CT)IZ
L 4 (b) L 4

Lajarein-zy[4+8]-DOVD 2
Yo 7) 2+34/7) 24 1,

24
¥ =735 =0.7059

e ° T 24+(4/7) 7 487 34 7
I '6V — L, _-6 0.1765

-5 0
1 34 2 YIZ V2 34

Thus,
[ 02941 -0.1765]

1= J0.1765 07059 |5

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
MW\

1A<T> Sasas S 18348 220

(©)




85Q 5.667Q

W —AN—
+
8.5V CD 4 § 18890 =20
@
Q[1889)85) (0971485 _ .,

T 211.889+8.5+5.667  0.9714+14.167

Chapter 19, Solution 29.

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

1Q V, 1Q

———— VW ——— AW
10A (T) \:1 § 20 \12 (T) 4 A

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

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

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

I, 2/5 S I,

> AN

+ +

10 A <T> Vi § 158 1558 § Vv, (T) 4 A

(b)



3.2
[=10=CV, -3V, —— 50=3V,-2V, (D

5

2.3
L=4=—2V,+3V, — -20=-2V,+3V,
10=V,-1.5V, —> V,=10+15V, )

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

Chapter 19, Solution 30.

(a) Convert to z parameters; then, convert to h parameters using Table 18.1.
Z,=2,=2, =60Q, z,, =100 Q

A, =12, 2, —12,, 2, =6000—3600 = 2400

h _i_ﬂ_24 h _Zi_ﬂ_06

"z, 100 77 2z, 100
-Z,, 1

h, = =-0.6, h,, =—=0.01



Thus,

. [240Q 0.6 ]
[]_L-&6 onlsJ
(b) Similarly,
z,,=30Q Z,=2, =7, =20Q

A, =600-400 =200

200 20
1
h, =-1 hH:%-O%
Thus,
" f[10 1
[ ]‘L -1 0.05S

Chapter 19, Solution 31.

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

1Q Vs 2Q Vv, 1Q I,
—\\N\ MA MAN—<—-
+
11<T> V; §ZQ T 41,
(a)
Atnode 1,
V, V,-V,
II=7+ 5 —> 2I,=2V,-V, (1)
At node 2,
A

81, =-V,+3V, —— 161, =-2V,+6V, )



Adding (1) and (2),
181, =5V, —— V, =361,

V, =3V, -81, =2.8I,
V, =V, +1, =38,

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.
1Q I,

L, 1Q 20
M AMN—<—-

Vi
(b)
2 V, —> h M 0.4
= = = =
24241 2 572 12 5
I, = . Y, — > h,=—2=—=028
2724241 5 2oy, 50T
Thus,
[380Q 0.4
1= -3.6 028

Chapter 19, Solution 32.
(a) We obtain h,, and h,, by referring to the circuit in Fig. (a).
S I,

1 )
D000
+ +
L Vi 1 1/s V=0
(a)




1 S
V, =(l+s+s||gjl1 =(I+S+SZ+JI1

By current division,
_-ls -0 I, -1
Cs+lfsT s+l |

I,

To get h,, and h,, refer to Fig. (b).
=0 1 S
—— A — T —— 00—
+

2 /= Vs CD Va

(b)
/s Vv, S
Yos+l/s 7 st +1 v, s?+1
\ (+1jl B R >
_ 2 _ 2 _ b
Y 2V, s+ls s?+1
Thus,
[ s 1 ]
|s+1+ 5 5 |
[h]=| s*+1 s+1|
-1 S
L s?+1 sz+1J

(b) To get g,, and g,,, refer to Fig. (c).

I, 1 s s L=0
—\M\—0000— D000 —<—

+

Vi CD == s Vs

()



S

1 I, 1
‘71 = 1+S+g Il > gll :71:
1/s V, vV,
V — V — —
> l+s+l/s ' st +s+l S
To get g,, and g,,, refer to Fig. (d).
I, 1 s s I,
— e A0 — 00—
+ +

(d)

V. —( +l ( +1)jl —( +Mjl
2 =8 SHS 2=° l+s+1/s)

V, s+1

=—=S+

82 I, ST s+l

-1/s -1 L
P l4s+1/s 7 sP4s+l g12—12

Thus,

1|
1 s+1 |
]

r
|
|

+
|_s2+s+1 > s?+s+1

Chapter 19, Solution 33.

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

V1 =0 -~ 1/s V2<T> Iz

l+s+1/s T ts+l

1

V, s?+s+l

-1

s?+s+1



40 i6Q L

I vV, 50 T V,=0

SEHIOL M 30760+ 1 2821

Vi =5//(4+ o)l == — 6 1
1

Also, 1, = 5 > ” I >  hy = II—2 = —0.3846 + j0.2564
+] 1

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

40 60 I
I, N —
+ +
— -13Q +
Vi 50 <> v,
5 .
Vi = —V, > hyp = & = > — =0.3846 - ;0.2564
9+ 36 V, 9+36
hos = 12 1 _9+3
Vo = —BIO+iO, —— 2N, —PBUO+6) - PBO+i6
2 2 2
= 0.0769 + j0.2821

Thus,
| 3.0769+1.2821  0.3846—j0.2564

h]l=
(] —0.3846 + j0.2564 0.0769 + j0.2821




Chapter 19, Solution 34.

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

300 Q
M
10Q 50 Q 5
——\WA— 1 AN ——
+ + + 4L
I (T) Vi V, § 100 Q L2 10V V,=0
(a)
Atnode 1,
o N0 g Sy (1)
= —+ =
7100 300 ! x
300
Vx:TIl:7SIl
Vl
But V, =101, +V, =85, —— h, =—=85Q
1
At node 2,
. L0410V, V. V.V 75 ﬁl 14751
2050 300 5 300 5 ' 300! !
I2
h, =—*=14.75
I]
To get h,, and h,,, refer to Fig. (b).
300 Q
MV
L,=0 10Q 500 ,| I
——\WA— 1 MV <
+ +
v, v, 2 1000 10V, (

) )



Atnode 2,

= Wt OV o 0or, oV, 180V
27400 50 200 *
But y -0, V.
" xT400 2 4
Hence, 4001, =9V, +20V, =29V,
h —1—2—2—007253
2V, 400
2 Vl
V,=V,=—> —— h,=—=—=025
4 Vv,
[85Q 025 ]
[h]=L
1475 0.0725S
To get g,, and g,,, refer to Fig. (¢).
300 Q
M
I, 10Q 50 Q 5 | L=0
+ +
Vi CD v, 2 1000 10V, Vv
(©
Atnode 1,
I _ Y. VIOV, — 3501, =145V 2
' 100 350 oo @)
Vl_Vx
But L=—1g — 0L =V,-V,

or

3)



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

I, 145

Atnode 2,

11
Vv, = (50)(ﬁvxj—1ovx = -8.4286V,

=-8.4286V, +84.2861, = -8.4286V, +(84.286) (—14492 jVI

\%
V,=-596V, —> g21=72=-5.96

1

To get g,, and g,,, refer to Fig. (d).

300 Q
AN
b 10Q v L 50 O r L
——>—\\—— AN
+ + +
Vi=0 Vi § 100 Q ; 10 V4 V, CT) I,
(d)
10]/100 =9.091
[ V, +10V, . Vv,
2 50 300+9.091
309.0911, = 7.1818V, + 61.818V, 4)
But V. = 0.091 V, =0.02941V (5)
Y x 7300091 2 2

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



V2
gn =15 =34340
2

. V, 34341,
°309.091 309.091

. _-100I _ -34.341,
"T110 0 (1.1)(309.091)

Il
=-0.101

g :E

Thus,
[0.02929S -0.101 |

[8]=] 506 34340

Chapter 19, Solution 35.

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

10 1:2 4Q I,
— A e
+ o o +
I; CT) Vi %"% V=0
(@)
4 4
Vl
V,=(1+DI,=2I, —> h, =-"=20
1
I, -N, , -1




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

=0 1Q 1:2 4Q I,
W N ——

+ [ ] [ ]

v 4 E Ov
) (b)

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

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

Thus,
[20 05]

[h]_L-o.s oJ

Chapter 19, Solution 36.

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

4Q 1, 16Q 21 I,

< Py
D A 4

+ +

10V<f> v, 3v,<{?t l 21 §100§z V2§25§z

+

100([25=20Q
V, =(20)(21,) = 401, (1)

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



1 40

I = — V _—
SV 27 14
136
Vi =161, +3V, =~
100 -8
I=|—|QI)=—
? (usj( ) 70
(a) &—ﬂ—ozm
YoV, T136 =
I
b) “Z=-1.
1
(c) L_1 7.353x107 S
—=——=1 X
Yy, T 22X 2
(d) &—ﬂ—mg
, 1 —

Chapter 19, Solution 37.

(a) We first obtain the h parameters. To get h,, and h,, refer to Fig. (a).

60 30 L
+ +
IICD v, =60 230 V-0
. - .
30[6=2

V,=(06+2)I,=81, — h,, =

Vi
—=8Q
I



-6 -2 I, -2
zmllz—ll > hy =-=

I _
: 3 I, 3

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

L=0 6Q 3Q I,
—— W\ WA :
+
+
Vi §6Q §3§2 (_)Vz
(b)
3||9—2
4
V=0, — hy =t
= = =
2 4 2 22 5 9
V—6V EV ——)h—i—g
'Te+3 7 377 S
2 |
|r8Q §|
[h]=|_2 4S|
5 98
The equivalent circuit of the given circuit is shown in Fig. (c).
I, 8Q I,
+
10V 2/3V2 231 T e v, 50
(©)

2
81, + 2V, =10 (1)



29

Il:%

V2
Substituting (2) into (1),

8(§jV +£V =10
() 30 2 3 2

2 9 2. _(45) 30
V2:§I1 5||Z 2511 2_9 :2_911

2)

V, = 300 1.19V
2252
(b) By direct analysis, refer to Fig.(d).

6 Q 3Q
MV MV .
+

10V § 6 Q § 3Q V, § 5Q
(d)

10

Transform the 10-V voltage source to a z-A current source. Since

6|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).

v, 3150

30 30
M AMN—
+
SVCJ:)
(e :

GO 15

3||5=



V, = 15/8 (5)—E—II9V
2 6+15/877 63

Chapter 19, Solution 38.

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

200 1, 800Q

10V<f> v, 10V, l 501, §200k9 V, §50k9

I,
<

= 200 || 50 = 40 kO
1

V, =-501, (40x10%) = (-2x109)1,

For the left loop,
V,-10"V, I
1000

V, —10" (-2x10°1,) = 10001,
V, =10001T, — 2001, =800I,

VS
Z

I

=800Q

Alternatively,

Z- :Z +h _h12h21ZL
in s 11 l+h22 ZL

7. =200+800— —10DEOG0X10T) g0
n 1+(0.5x10°)(50x10°) —=




Chapter 19, Solution 39.

To get g;; and gy, consider the circuit below which is partly obtained by converting the
delta to wye subnetwork.

Vi
1: 4X8 :1.6=R2’ R3 =%=3.2
8+8+4 20
5 :Lvl =0.8919V; —— g1 =&=0-8919
13.2+1.6 Vi

L1
Vi =L(1.6+3.2+10) =148, —— g =—- g = 006757

To get g» and g, consider the circuit below.

1.6Q2 1.6Q2




13.2 L
[ =——" 1, =-08919I, — > =L - 08919
b 132+16 2 2 8127
Va
Va =D(L6+132//1.6)=3.02T,  —— gy =2 =3.027
2

] [0.06757 08919
BI71 08919 3.027

Chapter 19, Solution 40.

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

I] 'i6 Q ilO Q Iz =0
> I§ D000 ——<—
> 1
+
\4 (f) §129 Vv,
(a)
V, =(12-i6)1, —— L ! 0.0667 + j0.0333 S
= — = =———————=0U. .
1 9L g vV, 12-j6 J
v, 121, 2 g ioa
= — = = = . —+ .
A TR !

To get g,, and g,,, consider the circuit in Fig. (b).
I, -i6Q j10 Q I,

— I
Vi=0 § 12 Q (T) I,

(b)




V, =((l10+12|-j6)1,

\% 12)(-j6
g, :—2:j10+m:2.4+j5.2ﬂ

1, 12-6

[0.0667+j0.0333S  -0.8— j0.4 |
1= o810 244520

Chapter 19, Solution 41.

For the g parameters

I =¢g,V,+g,1, (1)
V,=¢g,Vi+gx1, ()
But V.=V, -1,Z, and

V,=-1,Z, =g, V,+g, L,
0=g, V,+(g,, +Z,)I,

_ '(gzz +ZL)I

or V,
221

2

Substituting this into (1),
_ (8,8, +Z, 8,8, 81) I

I
: -2 ?
or I_2= “8n
L, guZ, +Ag
Also, V,=¢g, (V,-1,Z)+g,1,
=g, V.~ 8,21, +g,1,
=g, V.+Z,(g,Z, +Ag)12 +8, 1,
_V2
But I, =



]

v,
V,=¢,V,-[8.4,Z, +Ag Z +g, ]LZ_J
L

V,[Z, +g,Z,Z, +A,Z, +8, ]

Z =g, Y,
&: 2,7,
V. Z +g,Z, ZL+Ag Z +g,
&Z g7,
Vo Z+¢,L,Z, +¢,8»,2L,-8,8,Z,+8,,
v, gnZ,

Ve, (A+g,Z)8n+7Z,)—8,8uZ,

Chapter 19, Solution 42.

(a) The network is shown in Fig. (a).

20Q

I
>

+
Vi 100 Q2 § 051,

I,

(@)

(b) The network is shown in Fig. (b).

I, 2Q s I,
———— ANN—0000—<—
+ +
vV, 10Q § S12v, vV,

(b)



Chapter 19, Solution 43.

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

Il Z IZ
+
W) v
(a)
Vl
vV, =V, — A:V_2:1
I,=0 C L 0
= —_> = — =
1 ‘/2

I] Z IZ
+
Vi (f) Vy=0
(b)
vV, =71, I,=-1,
vV, -Z1,
B-—t-—""'-7
Iz 'Il
_Il
D=— =1
IZ

(1 7]
[T]=L0 1J



(b) To find A and C, consider the circuit in Fig. (c).

L
+
GO A
(c)
V=V, — A=_'=
2
V,=Z1,=V, —» C=—=—=Y
2
To get B and D, refer to the circuit in Fig.(d).
+ +
D [ v
(d)
V,=V,=0 I,=-1,
'V1 '11
B=—=0, D=—=1
I2 IZ
Thus,
. [1 0]
[ ]—LY 1J

Chapter 19, Solution 44.

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




— T
L -i10Q -20Q | =0
|C |
o A— , Lo
I, L.
J’_
Vi C—) 200 vV
(a)
V= [20+(-j10) | (15 - 20011,
[ GG ] [ 10]
V.= 20+————= |1, =| 20— 1—|I
1 L -j15 Jl I_ J3J1
I, =1,
I(): ¢ Il :[gjll
-j10-35 3
V, = (201, +201," = —j?ll-i-ZOIl = (zo—i?jh
V, (20-j0/3)1
A:V_l:%z 0.7692 +j0.3461
I, 1 '
C=—t=———">= 003461 +j0.023
v, 40

20— j—
J3



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

j15Q
0000°
I, -j10 Q -j20 Q I,
> |C | o
i I\ AN o
+
+
v Swa e
(b)
We may transform the A subnetwork to a T as shown in Fig. (c).
_ (19610)
' 15— 10— 20
(-j10)(-j20) _ .40
Z2 = .— = =17
-j15 3
i15)(-j20
7, UE0)
-j15
I, j10 Q j20 Q I,
— 00— 000 ————
+

v I

] 20-j403Q V=0

(©)
_20-j40/3 3-j2
2T 20-j40/3+120 1 3+ !
-1, 3+ .
D=—'="""=0.5385+j0.6923
I, 3-j2
(j20)(20— j40/3) |
V, =

1050 " 540/3+ 20 |

1



V, =[j10+209+ 7)1, =jI,(24—-j18)

-V, -jI,(24-i18) 6 _
B=—'=—"1"" =—(-15+j55
L~ -G-2), 1301+

3+]

1

B =-6.923+j25.385Q2

(T] = 0.7692 + j0.3461 -6.923 + j25.385 Q2
1 0.03461+ j0.023S  0.5385+ j0.6923

Chapter 19, Solution 45.

To obtain A and C, consider the circuit below.

I sL 1/sC I, =0
4_

—+

Vi <> R; Vs

R
R V R;i+R5 +sL
Vy=— b v — oA=L -IT2T
R1+R2+SL Vz Rl
| 1
V,=]R;, ——> C=-Ll-=-—
Vo Ry

To obtain B and D, consider the circuit below.



I] sL 1/sC Iz
4_

R
I, =— Rllllz_ sR,C I N D:_I_lzﬂ
R1 L 1+ sRlC IZ SR1C
sC
Ry
Vi =| R, 451+ 5C - [(1+sRIC)(R +sL) + Ry | 1+ sRC) L
Rl b 1+ SRIC SRlC
sC
Vi 1
B=——= R;+(1+sRiC)(R, +5sL
I sRIC[ 1+ ( 1O)(R, +sL)]
Chapter 19, Solution 46.
To get A and C, refer to the circuit in Fig.(a).
Atnode 1,
Vo Vo B V2
I, = > T —> 2I,=3V_ -2V, (1)



At node 2,

V, -V, 4V,
" =41 = > =2V, —> V_ =-V, (2)
From (1) and (2),
21,=-5V, ——> C=—1=—"=258
2
Vl_Vo
But I, = " =V, +V,
-25V, =V, +V, —— V, =35V,
Vl
A=—=-35
VZ
To get B and D, consider the circuit in Fig. (b).
I, 1Q 1 1Q 2 I,
AW —
+ +
V1<f> vV, =20 1>an vi=o
(b)
Atnode 1,
VO VO
="+ — 21,=3V, 3)
At node 2,
VO
I, + " +41 =0
-1,=V,+2V =0 — 1,=-3V, (4)
Adding (3) and (4),
2I,+1,=0 — I, =-0.51, (5)



But I, = — 5 V,=1,+V, (6)

Substituting (5) and (4) into (6),

1 -1 -5
VI=?IZ+?I2 ?12
_V1
B-—'=2--0.8333Q
I2
Thus,
. [ -35 0.8333Q]
[]_L-z.ss -0.5

Chapter 19, Solution 47.

To get A and C, consider the circuit below.

60
L 10 89|
+ + + +
v, >20 /\ sv, v,
viO
V= Ve Yy Va ooV > V=11V,
I 2 10
Vi
V, =4(-0.4V,)+5V, =34V, —— A= V_ =1.1/3.4=0.3235
2
_ I
L=1"Y v, -V, =01V, ——> C=-1-01/34=002941

V,



Chapter 19, Solution 48.

(a)

(b)

(©)

Refer to the circuit below.

Il IZ

WO | )

V, =4V, -30I,
1,=01V,-1,

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

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

=30Q

Z, =

m

Vi
Il

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

V, =4V,
1,=0.1V, or Vv, =101,
V, =401,

Vl
Z,=—=40Q

1,

When the output port is terminated by a 10-Q load, V,
So, (1) and (2) become

V, =-401, -301I, =-701,

I,=-1,-1, =-2I,

V, =351,

=35Q

Z, =

mn

Vi
Il

(D)
2)

=-101,.



) AZ, +B
Alternatively, we may use Z, =

~CZ,+D
Chapter 19, Solution 49.
To get A and C, refer to the circuit in Fig.(a).
I, 1/s L=0
i I\ -
+
4 Cf) S1a s = Vs 12 v
(@
GlUs 1
5= 1+1/s  s+1
_L)s
2 1 s+ 1/s !
b
A=L= s+1 _ _ S
v, 1 1 2s+1
S
s s+1

vt (b )
P s +1 I s+s+1 - Ns+1 I s(s+1)
( 1 )(2s+1j

s+1/) s(s+1) 25 +1

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

+
s+1 s(s+1)

Vi
Il

2s+1
S

But V, =V,



V, 2s+1 2s+1
Hence, I_ . =
1

s (s+D@Bs+1)

a

V, (+DGs+1)
I, S

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

I, 1/

w2

I,

»
»

™

§ 1Q -/ 1/s

16,

-~ 1/s

A

§IQ V=0

(b)

A T L Y TR
U s s U 2s) 25+

-1
[ s+l b -s
2 I 1 2s+1"
—+
s+1 s
-1, 2s+1 1
D=_=—= +_
I, s s

Thus,
[ 2 1 T|
2s+1 S
[T]=| |
(s+1)(3s+1) 2+1J
S S

Chapter 19, Solution 50.

To get a and ¢, consider the circuit below.




vV, L 4/s <> Va

4 4
v =38y o vV, — a:V% = 1+0.2552
s+4/s 244 Vi

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

OV, (1+0255%)V, ool _s+0258°
s+4/s s+4/s Vi $2 44

v

I

To get b and d, consider the circuit below.

I] 2 S Iz
—r AN YL

+ +

V1=0 _1_4/s <> Vz

-4 21 I
= /s 12 :——2 E— d=——2=1+0.5S
2+4/s s+2 L

L

(sz+25+4)
— D
+2

(2 +2s+4)(s+2)
—_ I
s+2 2 I

Vz = (S+2//i)12 =
S

02552 +1 0.5sZ+s+2
[t]= 0.25s% +5

0.5s+1
s?+4




Chapter 19, Solution 51.

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

v,

iQ
L=0 10 /) B L
|
—— A\ IH‘_
+ [ ] [ ]
Vi i2Q % % iQ (
(@)
V,=1,(-3)=-21,
\4 :'jlz
v, -2
Vl 'jlz
I, 1
=3, = .= J
vV, -]

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

(v

i€
L 1Q /) -iBde L
| <
W —
+ [} [}
Vi=0 jZQE %jﬂ
(b)
For mesh 1,
0=(1+j2)I, - ]I,
I, 1+j2
or =

- ; 2—]
I, J



2 .
=—=-2+
I, .
For mesh 2,
vV, =1, (j_j3)_j11

vV, =1,2-)¢12) -1, = (2= 9,

b=—2=24+i5
I, J

Thus,
[2 2+j5]

= § 24

Chapter 19, Solution 52.

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

1
|
)

parameters.
. [R,+R, R, ]
Z|=
L 2 R2+R3J
A, =R, +R,))(R,+R;)- R%
=R,R, +R,R; +R R,
|FAZ zi1| I_R1R2+R2R3+R3Rl R,
1 Zy Zy R, +R, R, +R,
(@) [h]_{—zm LH{ ‘R, 1
Z,, Z,, R, +R; R, +R,
Thus,
R2R3 R2
h,, =R, ’ 2= =1y
R, +R; R, +R,
as required.
[z, AZT| |rR1+R2 R,R, +R,R, +R R,
1 Za Zy Rz Rz
® [T]"LL _H T ReR,
Z, 1Z, R, R,



Hence,

A—1+& B=R +&(R +R,) C—L D—1+&
- RZ ’ B ? R2 ? 3 B RZ ’ - RZ
as required.
Chapter 19, Solution 53.
For the z parameters,
Vi=z, I, +z,1, (1)
V,=z,1,+2,1, (2)
For ABCD parameters,
V,=AV,-BI, 3)
I,=CV,-DI, 4)
From (4),
I, D
Va=¢ctch )
Comparing (2) and (5),
1 D
), = C’ Zy = C
Substituting (5) into (3),
A AD
Vv, ZEII + ?—B I,
A AD-BC
= EII + C I, (6)
Comparing (6) and (1),
A _AD-BC_A,
Z, = C Z,= C = C

Thus,

[Z] =

al=al»
aloal>



Chapter 19, Solution 54.

For the y parameters
L=y, Vi+ty, V,
L=y, Vi+ty,V,

From (2),
I
V1 =_2_y£V2
Yo Yau
- 1
or V, = Yo V,+—I,
Yo Yo

Substituting (3) into (1) gives

I = e V,+y, V, +h12
21 21
-A
or I, =—"V, +h12
Y Yo

Comparing (3) and (4) with the following equations
V,=AV,-BI,
I,=CV,-DI,

clearly shows that

Y -1 -A, _"Yu

Ya Ya - Yau Yau

as required.

Chapter 19, Solution 55.

For the z parameters
Vi=z, 1, +z,1,
V,=z, 1, +z,1,
From (1),
1 z
I =—V - iIz

z, z,

Substituting (3) into (2) gives

(D
)

3)

(4)

(1)
2)

€)



z Z, Z
Vv, = 21 V1+[Z22_ 21 12)12

11 11

Z, A,
or V,=—"V, +—1,

z, Z,

Comparing (3) and (4) with the following equations
I =g,V +g, L,
V=g,V +g,1,
indicates that
1 -Z,, Z,, A

as required.

Chapter 19, Solution 56.

(@) Ay=Q2+)CB-D+j4=7+]5

[ /Ay =yi2/Ay] [0.2162-j0.2973 —0.2703—j0.3784
Z|= =
0.0946 — j0.0676  0.2568 — j0.0405

—Y21/Ay  y11/4y

(4)

F

/y11 —Yi2/vy1q 04-3j0.2 -0.8-]1.6
(b) [h]Z{ =

yau/yir  Ay/yn ~04+j0.2 3.8+j0.6

—yyq/ ~1/
© [t]{ y11/y12 Y12 }

~025+j05 025
—Aylyrn —y22ly

~1.25+il.75 0.25+0.75

Chapter 19, Solution 57.

A =)~ 20)D) =1



1
N 1 Q
1 [9p] o n
~gm|g| TIT-ie AR
G )
=87 0_74_7 —en e
I — ) I — |
I _ Il
— Il ————
= 1 )
< m<|m AJDC_D < | < | <
=YE--3l-- miaTia Ol<—| <
L | L | L ]
I Il I
= = of

Chapter 19, Solution 58.

A, = (1)(0.4)— (2)(-2) = 4.4

The given set of equations is for the h parameters.
Q
2

(a)

(b)




Chapter 19, Solution 59.

A, = (0.06)(2)~ (-0.4)(2) = 0.12+0.08 = 0.2

I_L g12—|
[ 16.667 6.667 |
=| g, g | 0
@) L2] Li A, J 3333 3333
g g
Ay 8o |_ 1
0.1 -0.2
g» 8»
b - - S
®) A I TR T
L 8» Z» |
_& 'glz_
LA A, (100 2 ]
© =g g (L -1 03s
_Ag Ag_
{L gA—I
g 8 |_ 109—'
d T]=| |=
(d) [T] { o A J loss 1
g 8

Chapter 19, Solution 60.

Ay =YuY¥n " Yu¥Yu= 0.3-0.02=0.28

ryl 'Y12—|

| A A | T 1786 071437
(a) [z]=| * y |:L

| -¥u  Yu | L03571 2.143

| A, A, |



I_L ‘Y12—|

b) N ETET |:|_1.667Q 0.3333 |
Ll Ay J L-0.1667 0.4667 S
yll yll
I_ “Yu '_—I

© [t]=| Y Y2 |:|_ 3 50
L-Ay -yzzJ L1.4s 2.5

Yo Yo

Chapter 19, Solution 61.

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

(a)
I, 1Q
—WW\
1Q 1Q L=0
¢ MW\ MA——<—
+ +
Il V1 § 1 Q Vz
()

2 5
V, :Il[l+1||(1+1)]:Il(1+§j:511

AR
Ty T
R R
°1+2 ' 3
-V, +I +1, =0

1 4
vV, ZEII +1, :gll



Y, _4
I, 3

z, =

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

1Q
MA
I, 1Q 1Q
N —yyy A ——
+ +
2 § 10 v, (T) I,
(b)
Due to symmetry, this is similar to the circuit in Fig. (a).
5 4
Z22:Z11:§’ Z21:Z12:§
=
3 3
= Q
“ 'Li zJ'
3 3
A, oz, | T3 4]
|Zzz Zzz||gQ gl
® =l 2 TP l= Y,
EHIER
Z22 Z22 L 5 5
|rﬂ AZ—I I_E §Q1|
Z, Z
@ [m=| B Elo) 44
e
Z, Z, 4 4

Chapter 19, Solution 62.

Consider the circuit shown below.



I, 10kQ

a 40 kQ I,
— A\ ;
+ e
+
50 kQ
b
vy b
20 kQ §

Since no current enters the input terminals of the op amp,

V, =(10+30)x10°1I, (1)

30 3

But V.=V, ZEVI szl

Lo 3y

® T 20x10°  80x10° !

which is the same current that flows through the 50-kQ resistor.
Thus, V, =40x10°1, +(50+20)x10° I,

V,=40x10°1, +70x10° - 20 %107 V,

21 5

V, =§V1 +40x10° 1,

V, =105x10°1, +40x10° I, ()
From (1) and (2),

[40 0]
21=| 105 40

— — 8
A, =2,2,-2,2, =16x10



Fi A, ]
L [a B I " i [ 0381 1524KkQ]
[ ]_LC DJ_LL @J_L&sz pS  0.381
Z21 Z21
Chapter 19, Solution 63.
To get z;; and z;, consider the circuit below.
L, 1:3 ” I,=0
° o + +
+ +
vV’ V’, 9Q Vs
Vi () 40 ‘ ‘
9
ZR = — = 1, n=3
n2
Vl :(4//ZR)II :§Il —_—> 711 2%208
1
| \ \p)
V2=V2=HV1=1’1V1=3(4/5)11 —> 221=I—=24
1
To get z,; and zy,, consider the circuit below.
I1= 1:3 ” I,
° o + +
+ -
VvV’ A\ 90 V>,
v oo | O
7= 2 _ _
R'=n"(4) =36, n=3



9x36 Vv,

Vz = (9//ZR')IZ = IZ > Zyy =—— = 7.2
45 I,
V1=&=ﬁ=2.412 —> Zzl=&=2.4
n 3 Iz
Thus,
0.8 24
[z] = Q
24 7.2
Chapter 19, Solution 64.
-] .
IuF —— = =-jkQ
H joC ~ (10°)10°)
Consider the op amp circuit below.
40 kQ
MA
I, 20kQ v 10 kQ I
o> AN X 2
T W, Ei:>*—————*-——'
+ +
+
\2 7 -j kQ v,
Atnode 1,
V,-V. V.V -0
=—+
20 -] 10
V,=(3+j20)V, (1)
At node 2,
V,-0 0-V, -1
0 - 40 O Tg% @
But 1 ==Y 3
! 7 20x10° ®

Substituting (2) into (3) gives



V,+0.25V,

I = 20x10° =50x10°V, +12.5x10°V, 4)
Substituting (2) into (1) yields
-1
V, = Z(3 +j20)V,
or 0=V, +(0.75+ 35V, (5)

Comparing (4) and (5) with the following equations
L=y, Vi+y, V;
L=y, Vi +y, V,

indicates that I, = 0 and that

[ 50x10° 12.5x10° |
=y 075+ 5 |

A, =(77.5+ 25.-12.5)x10° = (65 + j250) x 10°

I_L Y12—|

mo| Y Yo | [2x10°Q  -025 |
[A A_J L2x104 1.3+j5S
Yu ¥

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]
or N_, [za]—_2 2J

(2 1]
For N, [z,]= 1 IJ




Irzi 'le—i I_l -I—I
A A 3 3
R EAR N N
i‘AZ AZJ |_3 3J

Chapter 19, Solution 66.

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

Ay =Y, ¥y =YYy =(2x107)10x107)-0=20x10"

I 2 'Y12—|

I A, I_Fsoog 0 |
1= .y, vu 7L o 1000

] A, |

[500 0 1 [100 1007 [600 100 ]
[Z]ﬂ 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, (2)
But, at the input port,

V.=V, +601, 3)
and at the output port,

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

1001, +2001, =-3001,

I, =-51, (5)

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



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

=-32001, (6)
From (4) and (6),
Y, = 3001, = 0.09375
vV, -3200I, ———

Chapter 19, Solution 67.

The y parameters for the upper network is

2 A, =4-1=3
V=, 5 | ,=4-1=
Y -y1ﬂ| |Fg 11|
A, A, 133
[z,1=| .y h|—|Ll EJ|

LA, A, ] L33
1 1]
[z,]= 1 lJ
[5/3 4/3]
[Z]I[Za]+[Zb]=L4/3 5/3
A =210,
9 9

z, A

z, z, | | 125 075Q]

o A
[THLL @J:Lmss 1.25
Z21

Chapter 19, Solution 68.

For the upper network N, [y, ] :L 5 4 J



1]

2
and for the lower network N, , [y, ] =L | 2 J

For the overall network,

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

A, =36-9=27
|FL 'Y12—i |_1Q -1 ]
_ Yu Yu |_| 6 2 |
[h]= A 1Tl 21 o |
EEER
Yu 11 2 2

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).

n=_—, YA

! s
2 n’

v |

2s+4)
Il

4
V,=Q2+Zy)], :(2+ jll :( 5

S

TP S
2= Tl T
I, -8
y = =
21 s+

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



Lo2Q 4. s
.« »  AAA : I o
AN -
+ . . +
4E v (D
(b)
C 1 1
z, =)@ =|5)@=3
1 . 1 1 s+2
V, = S+ZR I, = g+5 , = 2 I,
_I_z_ 2s
Y2y S5

A P o P
TR T s 2) T 2

{k




-V, I, -1

S}

IZZ-IIZT —_ y21:71:?
To get y,, and y,, , refer to the circuit in Fig. (d).
Il 2 IZ
—o—p—NAA < ®
+ +
Vi=0 %S V, CT) I
(d)

Vv, |21 2s I I, s+2
= = - = -
OISR T YTy T

[ =1 -S _[ -S j(s+2jv -V,
s+ s+2M2s ) 2
L

y12_‘]2 - 2

12 -2 ]

Y= 2 (s+2)2s

lF s+1 -(3s+2) T|

s+2 2(s+2)
YI=.400 =] (3642) 55 4ds+4 |
[2(s+2) 2s(s+2) J

Chapter 19, Solution 70.

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

25 20 A =250—100=150
202 5 10 ) Z T VTS

5025 A =1500— 625 =875
[2.1=| 55 30 | 7 T OVUTDEE



L
1= ;" A
{2_11 ZILJ
[0.04 -08] [0.02 -05]
&= 0o 6 | [g:1=] o5 175]
[0.06S -1.3 ]

[el=lg.]+[8]=| (7 350

Chapter 19, Solution 71.
This is a parallel-series connection of two two-ports. We need to add their g parameters
together and obtain z parameters from there.

For the transformer,

1
Vi=oVa, L=-2D

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

shows that

ro 050
[Tp1] = o 2

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

I] 40 Iz =0
_> 4_

v T,

- 20 -




V=9I, V, =53]

|
A=31=9B=1& C=-L=1/5=02
V, Vs,
Chapter 19, Solution 72.
Consider the network shown below.
I, L | %3 I,
P S — “«—e < .
+ + + +
Val Na VaZ
\Y% A%
! Iv1 Iy2 ?
+ +
Vo1 Ny Vi2
V,, =251,,+4V,, (1)
I,=-41,,+V, ()
V, =161, +V,, 3)
I, =-1,+05V,, 4
V=V, +Vy,
V,=V,=V,
L=1,+I,
I =1,
Now, rewrite (1) to (4) in terms of I, and V,
V,, =251, +4V, (5)
I,=-41,+V, (6)
V,, =161, +V, (7)
I,=-1I,+05V, (8)

Adding (5) and (7),



V, =251, +161,, +5V,

41 5
A, =61.5+25=86.5
-5 1.5

Adding (6) and (8),
I,=-41,-1,, +1.5V,
I, =1, =1
Because the two networks N, and N, are independent,
I,=-51,+15V,
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, I, +z,1,
V,=z, I, +z,1,
indicates that
[57.67 3.333 ]
1= 3333 0.6667
Alternatively,
. [25 4] . [16 1]
LRE mI= 1 o]
[h]=[ha]+[hb]={
A by |
S T I:r 57.67 3.333 |
L -hy, 1 J L3.333 0.6667
h22 h22

as obtained previously.

©)

(10)

(11)

(12)

(13)



Chapter 19, Solution 73.

From Example 18.14 and the cascade two-ports,
S [2 3]
T1=[T1=| | |

[2 3T2 31 [ 7 120Q]
[T]=[Ta][Tb]=L1 2JL1 2J=L4s 7 J

When the output is short-circuited, V, = 0 and by definition

V, =-BI,, I, =-DI,
Hence,
V, B 12
in f_B_TQ

Chapter 19, Solution 74.

From Prob. 18.35, the transmission parameters for the circuit in Figs. (a) and (b) are

(1 z] (1 0]
M=y | | =z 1
z

i

() (b)

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.

Ls L !
¢ 0000 — —/0000"— ! *
1 § E = E § 1 | /= 1s
., ¢ T, | T3 | Ty | Ts | T



(1 0] (1 s] (1 0]
[TI]ZLI IJ’ [TZ]:LO IJ’ [TS]:LS lJ

[T4]=[T2], [Ts]:[T1]= [T()]:[T3]

[1 071
[T =[TITATITITITI = [TITITIL] ] |

1 0 l s I 0
=[T1][T2][T3][T4]L+1 1}=[T1][T2][T3][ H }

0 1] s+1 1
1 0| s*+s+1 s
=[T][T,]
s 1 s+1 1

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

|ro st +s¥+3s2+2s+1 s +2s
11 s +s%+2s+1 s’ +1

[ s*+s3+3s2+25+1 s +2s ]
Ls4+253+4s2+4s+2 sP4+s2+2s+1

[T]=

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

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

[T]: 211/221 AZ/221 _ 2 4
: 025 125

1/221 222/221

For Ny, Ay =80+8 =88.

(T, 1= =y22/y21  ~Vya | | -5 =05
O Ay v —yndyvar| [-44 -4



-186  -17
[T]=[TallTp] =[ }

-56.25 -5.125

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

D/B —-A+/B
[y]{ ! }

-1/B  A/B

0.3015 -0.1765
0.0588 10.94

(b) The equivalent z-parameters are

[2] = =

{A/C AT/C}

3.3067 0.0533
1/C D/C

-0.0178 0.0911

Consider the equivalent circuit below.

I Z11 Z I
— «—

Vi<> zin b 7z I Vo

Vi =z} + 7101 (1)
Vo =211 + 2301 (2)
But VO = _IZZL —_— 12 = —VO /ZL (3)
From (2) and (3) ,
VO 1 222
Vo=221h -2~ ——> L =V,| —+—"— 4)
7y, z31 Zpzyp

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

i:[m+m]_m:_1943 ~ Vo_ 50081
Vo \z21 z2ZL) 7y Vi



Chapter 19, Solution 76.

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

Vi V,
Z11=I—=Vl= 221=I—=V2
1 1

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

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

V, V.
Zp=—=V], zp=-2=V,
I I

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

Thus,
3.949 1.122
[z] = Q
1.122 3.849

R

My
o384 ps | RZ. . R3 | R4 1122V
My My ——" Sy ; .

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

S




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 = /1 = 0.31632£-161.6°.



5 MAG=yes
=) PHASE=yes

L 4
C1 1 IPRINT

T =L Ry 1

11 =7

1A @ :
7 MAG=yes

FHASE=yes
IAC Ro j 5 1
|

L1

(b) In this case, we setI; = 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(SN_0001) VP($N_0001)
1.592 E-01 3.163 E-.01 1.842 E+01
FREQ IM(V_PRINT2) IP(V_PRINT2)
1.592 E-01 9.488 E-01 -1.616 E+02
From this,
h;; = Vi/1 = 0.3163£18.42°
hy; = I,/1 = 0.9488./-161.6°.
0.94882-161.6° 0.31632£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

Chapter 19, Solution 78

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

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

FREQ | M V_PRI NT1) | P(V_PRI NT1)
6.366E-01  1.202E+00 1. 463E+02
FREQ VM $N_0003) VP($N_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

hyy= L =37712-135°,  hyy =2 = 1202146.3°
1 1



CAC=OK
- PHASE=0k v
MAG=Dk -4 AC=ok| - - IPRINT

N ZZFEH%SE%DH'.
......JA#_........Tmzﬁ_mgzm jﬂll

""" o

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 $N_0003) VP($N_0003)
6.366E-01  1.202E+00 -3.369E+01
FREQ | M V_PRI NT1) | P(V_PRI NT1)
6.366E-01  3.727E-01 -1.534E+02

From the output file, we obtain

I, =0.37274£ - 153.4°, V; =1.2024 - 33.69°
so that

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

Thus,
_ 37714~ 135°  1.202£-33.69°

[h]
1.202/146.3  0.3727£-153.4°




IPRINT

= ACsok -
'zr MAG=0k- - -
_ PHASE=Gk

AR

BN

CAC=Ok -
- PHASE=0OK
- MAG=0k - -

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/l} = 4.669/-136.7°/1 = 4.669/-136.7°

7y = Vo/li = 2.53/-108.4°/1 = 2.53/-108.4°.



MAG=ves = =l MAG=vyes
PHASE=yes R1 R2 c1E=7 PHASE=yes
——MAA, |—e

2 o A |
1 1 2 0.25
1
+ 4
")
2H~ L1
1AC
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

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,

z1, = Vi/I, = 2.53/4-108.4°/1 = 2.53/-108..4°

7z = Vo/l, = 1.789/-153.4°/1 = 1.789/-153.4°.
Thus,

| 4.669£-136.7° 2.53.£-108.4°
2.53/4-108.4° 1.789/-153.4°




MAG=yessé R c1 ‘, MAG=yes
PHASE=yes—— » 2 = PHASE=yes
"My 1
2 0.25

1

I}

2H~ L1
g 1A ~

i A

. .
0
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To get z;; and z;, we open circuit the output port and let I; = 1A so that

V; V.
le=I_l=Vla Z21=I—2=Vz

1 1

The schematic is shown below. After it is saved and run, we obtain
711 = Vl = 2988, Zo1 = V2 =-70.37

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

Vi Va
ZIZZI_—VD Zzz—I——Vz
2 2

The schematic is shown below. After it is saved and run, we obtain

717 :V1:3.704, Zyn =V2 =11.11
Thus,
{ 29.88 3.704}
7] = Q

-7037 11.11




TN ean=t2| TR A
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(a) We set Vi = 1 and short circuit the output port. The schematic is shown below.
After simulation we obtain
Y = I] = 1.5, Y21 = 12 = 3.5



clLlct §
=
© o
1 =V3 1 L [R3
: § Ts.sooA

o

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

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

Y] = 1.5 -05
35 15

R1 R2 KJ\.SODA
e

N +
:E 2 4 M
1§R3 1T =V3

‘ 200.00mA
%
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We follow Example 19.15.

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

obtain
h11 = V]/l = 3.8, h21 = 12/1 =36

3.800% 1 Rz F3
A \—wx A AWy
1 2 1
IDC F
Da re 22 2 — O
[ T A= 3.600A,
+ :

(b) Set Vi, = 1 VandI; = 0. The schematic is shown below. After simulation, we

obtain
h12 = V]/l = 0.4, h22 = Iz/l = 0.25

[3.8 0.4}
Hence, [h] =
3.6 0.25
400.00mV
— R R3
Ay Ay
2 1
@
200.00mA
R4 22
+| V2
Vv —
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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.

Vi
Va

A

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

=0.3235,

c=l_ 1 0.02941
34

Va

= 2.125.
B:-ﬁzizl.ms, p=_11_ 1 4706
I, 2125 I, 2125
Thus,
- 0.3235 1.1765
~10.02941 0.4706
B ORI
..... %
..... E . . . . . . . . . . . . . . .
ooy Rl . Rz | sd4bov
nl | san=s ] O
. FE. _




R3
Wiy
2500V R1 o
oc
@\ 1A R4 §2 51
ny GAIN=5_| O
L
—
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I .
and C = —| , we open-circuit the output port and let V,

2

) V
(@) Since A = —L
211,=0
= 1 V. The schematic is as shown below. After simulation, we obtain

1,=0

A =1/V, = 1/0.7143 = 1.4
C = L/V, = 1.0/0.7143 = 14

R1 714.29mV
—AN,
1
1.000A R? R3
1V —— 1 1
pe— 2 R5 ?1 2 R4
|2 § | GAIN=0.5
|__
» G l




(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 = —Il/Iz = -225/125 = -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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andC=I—1

1,=0 2

(a) Since A = Vi

2

,weletV; = 1V and open-

I,=0
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

FREQ IM(V_PRINT1) IP(V_PRINT1)
1.592E-01  6.325 E-01 1.843 E+01
FREQ VM($SN_0002) VP($N_0002)
1.592 E-01  6.325 E-01 ~7.159 E+01

From this, we obtain

= 1 =1.581£71.59°

A= L
V, 0.6325/-71.59°




co L 0e3sa84r o
V, 0.6325/-71.59°

R1
IPRINT '\1\/\’
MAG= =) MAG=
PHASEZ(:ES — R2 L1 {es
PHASE=yes
Ay
1 1H
1HN L2 1L c1

V1 1L c2
.
o
.. . \2 I,
(b) Similarly, since B = — and D = —— ,weletV; = 1V and short-
2 1v,=0 21v,=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_PRINTI) IP(V_PRINT1)
1.592 E-01 5.661 E-04 8.997 E+01
FREQ IM(V_PRINT3) IP(V_PRINT?3)
1.592 E-01 9.997 E-01 -9.003 E+01
From this,
1 1 )
B= -——=————=-1290°=—j

I,  0.9997./-90°

4 °
I __5.661x10" £89.97° _ 5561x10°

D= -1
I, 0.9997~2-90°

A B|  [1.581£71.59° —j
C D i 5.661x10™*




IPRINT A
MAG=yes =] 1
PHASEiyes R2 L1
%_qm
1 1H IPRINT
1HYN L2 1 L1
1 6_/ N
[ hMAG=yes
FPHASE=ves
0
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|
(a) By definition, g; = —4

V1 s 221 =

1,=0

<|=<

1,=0

We let V; = 1V and open-circuit the output port. The schematic is shown below. After

simulation, we obtain

g1 = I] =27
g1 = V2 = 0.0
2.727A R1 R2 - oV
+ —e ¥ WAy %
W= 2 o 3 »
.T\m R3 =1 DC GAIN=5 1
0
(b) Similarly,
I \%
g2 = -4 > 822 = =
I V=0 L V=0

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

simulation,
gp=0L =0



gn =V, =0

Th (2] 2.727S 0
us =
5 0 0
3545DAJ R1 R2 ov
(i:> 1 “g“” I ﬂng - | | .
28, @ 1, A
R3 =1 JlDC Galn=s P |21
%
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) Vv |
(a) Since a = —2 and ¢ = =
Vl 1,=0 1

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

FREQ IM(V_PRINT2) IP(V_PRINT2)

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,

a= ! =17654-89.97°

5.664x107* £89.97°

c = 0'5{}‘80 =—882.28£-89.97°
5.664x10" £89.97°

L1
IPRINT
—‘ R2
- -
MAG=ves
o
t

E. MAG=yes
" PHASE=ves

PHASE=yes g5l 0.




(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_PRINT2) 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= - i = —j1765
5.664x10™" £—-90.1°

d= - 222180 ~ j888.28
5.664x10™ £ ~90.1°

_ 1765 — {1765
Thus [f] = [ ! ! }

j888.2  j888.2

IPRINT IPRINT

MAG=yes = MAG=yes
PHASE=vyes PHASE=vyes
A
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To get Z, , consider the network in Fig. (a).



R, I,
A ] —
+ +
vV, Cf) Vv, Two-Port V, § Ry,
. = .
Zin (a)
L=y, Vi+y, V, (1)
L=y, Vity, V, ()
_V2
But I, = R =y, VitynV,
L
- AY/
Vv, = Y Yy 3)
Y +1/RL
Substituting (3) into (1) yields
-y VY, 1
I = V. + | Y =—
1 =Yu Vi Yo y22+1/RLJ’ L R,
A +y, YL
Ilz{ ;22+YL Vi, Ay=Y11Y22_Y12Y21
\ Y+ Y
or Z =—=
I, Ay +¥uYy
Ai :I_2: Yo Vl TY¥» Vz =y, Zin +(Y22)( “ Yo Vl ]
I, I, I, Yu+tYL
_ YuV¥ali | Y2 tY _ YuVYau
_y21 in - y21
VY +YL Ay +y, Yo Yo t+YL
A = Y YL
Ay +y, Y,
From (3),
A :Vz _ Y



consider the circuit in Fig. (b).

Toget Z ,,
I] IZ
+
J’_
R § Vi Two-Port <_> V,
. .
(b) Zout
\% \Y%
Zpw==7"= : 4)
L, y,Vi+ty,V,
But V,=-R. I,

Substituting this into (1) yields
L =-yuR I, +y, V,

(I+y, R)IL =y,,V,

I = Y12V2 _'Vl
: 1_‘_yllI{s Rs

& Y R,

or =
V2 1—I—yll RS
Substituting this into (4) gives
1
7 =
o YulYa R,
Yo I+y, R,
1—i_yll Rs

Yo +t¥uYu R -y, ¥u R

7 = YutY,
o Ay"')fzzYs
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A 'hfe RL
- hie +(hie hoe _hre hfe)RL

N -72:10°
YT 2640+ (2640x16x10° —2.6x 10" x 72) - 10°

YT 2640+1824 ——

dc gain = 2010g‘ A,

=201log(1613) = 64.15

Chapter 19, Solution 90

Z h hre hfe RL
(a) in — ic_1+hoeRL
10* x120R |

1500 = 2000 —
1+20x10° R,

12x107

500 = ———————
1+2x10° R,

500+102R, =12x10° R,
500x102 = 0.2R,
R, =250 kQ

_ -hfeRL
v hie +(hie hoe _hre hfe)RL

(b) A

-120x250%10°

A =
Y2000+ (2000%20x10° —120x107*) x 250 x 10°

_ -30x10° 1
YT 2x103 +7x10°  ——=



A De 120 s
" 1+h_ R, 1+20x10°x250x10° —

R, +h, 600 + 2000

Z = =
“ " (R, +h_)h,—h_h, (600+2000)x20x10° —10*x120

€

=——kQ=65kQ
out 40
VC VC
© A==y > Ve=AV,=3333x4x107 = -1333V
b s -
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R, =1.2kQ, R, =4kQ
'hf RL
A = 2
(a) ' hie + (hie hoe _hre hfe)RL
A = -80x4x10°
v 1200+(1200><20><10'6 —-1.5%x10* ><8O)><4><103
A, =200 2564
DY T
(b)) A = Mo 50 — 74.074
" 1+h, R, 1+20x10°x4x10° —
(C) Zin = hie _hre Ai
Z. =1200-1.5x 104 x74.074 = 1.2 kQ
d 7 - R, +h,
( ) o (Rs +hie)hoe _hre hfe
1200+1200 2400

7 - = = 51.282 kQ
T 2400%20x10° —1.5x10* x80  0.0468 " %



Chapter 19, Solution 92

Due to the resistor R, =240 Q2, 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.

+ +

hre Vc i l hfe Ib § hoe
Ig

Rg
= :
Zin (a)
IE - Ib +Ic (1)
Vo=h I, +h V +d,+I )R, 2)
\%
L=helr o 3)
RE +A06
But V.=-L.R, 4)
Substituting (4) into (3),
R
I, =hgl, _—LIIC
RE +AOC
or A =L _Be@*Reh,) 5
Ib 1—i_hoe (RL
~100(1+240x30x10°°)
' 1430x107 (4,000 + 240)

From (3) and (5),



hfe(1+RE)hoe I :hfer+ Vc (6)

“Tleh, (R, +R,) " R+ i

Substituting (4) and (6) into (2),
V,=(th_ +R)HI, +h V. +I R,

V. (h_ +R V
Vb= c( 1e+ E) +hrch_ CRE
1 hfe(1+REhoe) RL
Ry+— -h,
hoe 1+h0e (RL +RE)
1 Vb (hie +RE) RE

— =2t +h —-=E  (7)

A VvV * R
v c RE +L hfe(1+REhoe) _hfe L
h I+h, (R, +R})

o¢

1 (4000 + 240) 107
- -6 4000
. (24(” 1 j100(1+240x30X10 )_100
30x107° )| 1+30x10° x4240

AL =—6.06x10"> +10™* —0.06 = -0.066

v

A, = 1515
From (5),

I =LI

° 1+h_ R, °

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

h, (1+R;h
Vb:(hie+RE)Ib +(RE_hreRL) fe( + E oe) Ib
I+h,, (R, +R})

Zin =£:hie +RE + hfe (RE _hre RL)(1+REhoe)
I, I+h, (R, +R})

4000+ 240 . (10024010 x 4x10°)(1 + 240x30x10"°)

1+30x107° x4240

Z. = 12.818 kQ



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 ?

R, I h;e I.
AN —eo——p— AAA —— < *
+ +
hre Vc i l hfe Ib § hoe
Vb V. 1V
Ie
Rg
. —
(b) Zout
From the input loop,
Ib (Rs +hie)+hre Vc +RE (Ib +Ic) = 0
But V. =1
So,
Ib(Rs+hie+RE)+hre+REIc:0 (9)
From the output loop,
VvV h
I, = £ +h. I, = h"e +h. I,
R, + Rih,, +1
hoe
| h
or I, =—-—‘—" (10)
h, I1+R.h_,

Substituting (10) into (9) gives

wor o)
fe

1+R.h,,

IC

(RS+RE+hie)(h =0

j+hre +R. I, -

fe

R.+R, +h. R.+R,+h_(h
s E 1eIC+REIC: s E ie | —"oe | __ N
h,, 1+R;h . h

fe



R R h.
(hoe/hfe) w _hre
1+R;h,,
" Ry+(QR,+R,+h,)/h,
7 1 R.h,+R +R; +h,
ot — =
| R .
¢ Lli-"hle hOe _hrehfe
1+R;h,,

. 240 %100 + (1200 + 240 + 4000)
11200 + 240 + 4000
1+ 240x30x10°¢

}x30x10'6 ~10* %100

24000 + 5440

" = 193.7kO
0.152
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We apply the same formulas derived in the previous problem.

L_ (hie +RE) +h _&
A TR
v RE +L hfe(1+REhoe) _hfe L
hoe 1+hoe (RL +RE)
AL - (2?2(()) J1r 2(())0302 +2.5x107 - 328%00
(200 +10%) 1200H0002) 4,
1+0.04

AL =-0.004+2.5x10™" - 0.05263 = -0.05638

v

A, =-17.74

_ hg(I+Rzh,) — 150(1+200x107) 1445
" 1+h,_ (R, +R;) 14107 x(200+3800) ——

h, Ry -h R )A+R;h,,)
1+h,, (R, +R})

Zin :hie +RE +



— 4 3
7. = 2000+ 200+ 12000 2.5><11004><3.8><10 )(1.002)

Z. =2200+28966
Z, =3117kQ

Ryh, +R +R; +h,

R.+R, +h.
w hoe_hrehfe
1+R;h .

7 200x150+1000+200+2000 33200

out

out

[ . ~-0.0055
S200XI07 15 5107 x150
1.002
Z, =-6.148 MQ
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We first obtain the ABCD parameters.
, [200 0 ] .
Given [h :LIOO 10-6J’ A, =h,hy —h,; hy =2x10
A -y |
h, h, | [-2x10¢ -2 ]
[T1=| =
2

) IJ -10%  -107

21

The overall ABCD parameters for the amplifier are
| J2x10° -2 T-2x10¢ -2 ] [2x10* 2x10? ]
= 0 102 ] <100 -10-2J:L 10" 10*

A;=2x10"-2x10"7=0



Thus, h, =200, h_,=0, h,=-10% h,=10"

e

(10%)(4x10%) s
v = -4 7 =2x10
2004+ (2x10™ —0)x4x10
z, —h, - 2=DeRe 00 0_ 2000
L B 0 e
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1 s*+10s” +8
LetZ, = = 3
Yo s’ +35s
Using long division,
5s% +8
Z,=s+ R =sL, +Z,
i L =1H g 7,358
1.C. = an =
© ! Bs+5s
as shown in Fig (a).
! ! Ly
; — 0
Zyg |
| | Y2 =1/Z4
(2)
v - 1 8’ +5s
577, 5s*+8
Using long division,
3.4s
Y, =0.2s+ 55218 sC, + Y.
3.4s
where C,=02F and Y.= 55 18



as shown in Fig. (b).

Yc=1/ZC
(b)
z 1  5s*+8 5s . 8 L. 1
= = = =S
© Y. 34s 34 3.4s ’sC,

i.e. an inductor in series with a capacitor

5 34
Ly=3,=1471H and  C,=—=0425F

Thus, the LC network is shown in Fig. (c).

0425 F 1471 H 1H
000" 00—
-~ 0.2 F
(c)
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This is a fourth order network which can be realized with the network shown in Fig. (a).

L L;
00— ——
C: T Cs T~ § 1Q
(a)

A(s) = (s* +3.4145% + 1)+ (2.613s° + 2.613s)



1

2.613s° +2.613s
st +3.414s* +1

+
2.613s® +2.613s

H(s) =

which indicates that

1
Y21 =5 6135 +2.613s

s 134145+ 1
Yo

T 2.613s° +2.613s

We seek to realize y,,. By long division,
2.414s* +1

0383
Yo St 61357 +2.613s

=sC,+Y,

_ 24148° +1
AT 26138 +2.613s

1e. C,=0.383F and
as shown in Fig. (b).

| Ly Ly !
| 0000 0000 .
Ya C: /= | Ca
(b) Y22
z _ 1 26135’ +2.613s
ATY, 241482 41
By long division,
Z. =10825+ 28 1 Ly
A WV e
, 1.531s
Le. L,=1082H and Z,

T 241487 +1



as shown in Fig.(c).

E Ly i L;
| — 00—+ 0000 ‘
Zs | G Ci
(©
Y, = i =1.577s+ = L
BTz, 7 I s3s ST L
Le. C,=1577F and L, =1531H
Thus, the network is shown in Fig. (d).
1.531 H 1.082 H
T T .
1577F /7~ 0383 F /~ § 1Q
(d
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s3
H(s) = s? __8°+12s
(s® +12s) + (6s* + 24) - 6s* +24
s* +12s
Hence,
_6s2+24_ 1 7 )
Y2 = ¢ 125 Ssc, A

where Z, is shown in the figure below.



It
4

VAN V22

We now obtain C, and Z, using partial fraction expansion.

6s>’+24 A Bs+C
Let —_—

=—+
s(s?+12) s s*+12

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

Equating coefficients :
0

s%: 24=12A —— A=2
s': 0=C
s?: 6=A+B —— B=4
Thus,
6s>+24 2 4s )
—_— =4
s(s?+12) s s?+12
Comparing (1) and (2),
1 1
C,=—==F
A 2
1 _sf+12 1003 3)
Z, 4 4S S
But Lo 4
u ZA =s, s]_{2
Comparing (3) and (4),
1 1
C, :ZF and L, =§ H
Therefore,

C,=025F, L,=03333H, C,=05F
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Ap=1-08=0.2

— Ay /hyy —h“/hﬂ{ —0.001 -10 }

T,]=[Ty]=
[Tal=1Tp] {—hzz/hzl ~1/hy; | [~2.5x107% —0.005

2.6x107°  0.06
1.5x1078  5x107°

[T]=[TallTp] ={

We now convert this to z-parameters

[Z]{A/C AT/C}= 1.733x10°  0.0267
1/C D/C 6.667x107  3.33x10°
1000 I] Z11 V4%) IZ
A VANIRGE
+ + +

Vs<> z12 1 21 1y Vo

VS :(1000+le)11+21212 (1)
Vo = z20lh + 2211} (2)
But V, =-1,Z, —— L,=-V,/Z (3)

Substituting (3) into (2) gives
1 Z79
[ = Vy| — +—2— 4)

We substitute (3) and (4) into (1)



1
VS=(1000+211)(—+ 222 jvo—zl—zv0
711 z31ZL 7y,

= 7.653x107% = 2.136x10™> = 744V
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Zab = Zl +Z3 = Zc || (Zb +Za)

Z +7,=—"—">~
! YL, +Z,+Z,

Z,=2,+7,=17, H(Zb +Zc)

Z,(Z,+Z,)

Z +7., =
> Z+Z,+ 7,

Z,.=72,+7,=7,|(Z,+Z,)

1,(Z,+7,)
2, +7, =
7,+7, +7
Subtracting (2) from (1),
Z.(Z -7
Z1 _Z2 _ b( c a)
7, +7, +7Z

Adding (3) and (4),
Zch
Z =—""7 "7
,.+7, +7Z,

Subtracting (5) from (3),
ZaZb
Z,=—"— ——
7.+7,+7

c

Subtracting (5) from (1),
ZcZa
Z,=——"
7,.+7,+7,

(1)

2)

)

4

)

(6)

(7)



Using (5) to (7)
72,2, (Z,+7,+7,)
(Z,+Z,+7Z,)*

7.2,+2,2,+71.,Z, =

727 <77 +7.7 - LaLole g
12+ 23+31_Z+Z +Z ()
a b c

Dividing (8) by each of (5), (6), and (7),
, _LZy+ L1+ 22,
a Z1

2,7,+71,2,+7.Z,
Z, = 7
3

AR NN
c 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.



