Two-Port Circuits

Assessment Problems

AP 18.1 With port 2 short-circuited, we have

T, 50 I,
i
v, 200 £ 150
V1 i L (—20)
I = — = =0.25S; Ih=—)1; = —-0281
1= 20 + — 5 ; Vi Y11 ; 2 25 1 1

When Vo, =0, we have I, =y;1Vi and [, =y Vi
Therefore 1o = —0.8(y11V1) = —0.8y1: V1
Thus Yo21 = —0.8y11 = —0.2S

With port 1 short-circuited, we have

I 562 L

Ay

£200 £15Q v,

Vo Vo I, 4
I, = — = =(—)S
9 = 15+5, V Y22 ( )
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18-2 CHAPTER 18. Two-Port Circuits

15
I, —
! (20

) I = —0.751, = —0.75ynV5

4
Therefore y12 = (—0.75)— = —0.2S

AP 18.2

15

.
hiy = (—1> =205 = 40
17 Vo=0
I —90/25)1
hm:(— (=20/25)h _
Vo=0 Il
V; 20/25)V:
h12=<—1> —( / )2—0.8
2/ 1;=0 ‘/2
I 1 1 8
ho=(12) = fo s =S
o 15 25 75
AR S B
. o 20 20
V; 15/20)V,
9212(—> —( / )1:075
I,=0 Vi
I —15/20)1
9122(— —( / )2:—0.75
V1i=0 12
Vi 75
gor = (—2 = 155 = — = 3.750
Vico 20
AP 18.3 ; o
1 x 107
— 2 =22 01mS
M=V ey 0x 100 ™
V| 200x 107
I =y LT 50 x 1073
L 2x10%
N T 05 %106
Vs 10 x 1073
— 2 =2 _90kQ
922 = o 0.5 x 109
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Problems 18-3

AP 18.4 First calculate the b-parameters:

b = e = T —-os
Now the zparameters are calculated:
angzgzéﬁ; 2’12261;:%Q

AP 18.5
211 = Zog, 212 = 221, 95 = 211(D) + 212(0)
Therefore, 217 = 290 = 95/5 = 19Q)

11.52 = 19I; — 215(2.72)
0= 2’12]1 — 19(272)

Solving these simultaneous equations for 215 yields the quadratic equation

, (T2 6137
Zlﬁ(l?)z” =7 0

For a purely resistive network, it follows that z19 = 291 = 17€).
-V
anZr + a2 + anZgZy, + asnZ,

_ —50 x 1073
= (5% 1074)(5 x 10%) + 10 + (10-5)(100)(5 x 103) + (—3 x 10-2)(100)

50 x 103
= 00 sa
10

AP 186 [a] I, =

1
Py = 5(5 x 107)%(5 x 10%) = 62.5mW

aa+ anZ, 10+ (=3 x 1072)(100)

b] Zm = _
[b] Zm =77 anZ, 5 x 10~ + (10-6)(100)
7 70
= -k
6x104 6
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184 CHAPTER 18. Two-Port Circuits

V. 50 x 1073 500
Vi, = g = =V
el Ve = o Z, T 6x 10 6
250 (1/2)(250/6)2
Theref =—YV; Ppox = ————"— =T744mW
erefore V, 5 V; (70/6) x 10° m

AP 18.7 [a] For the given bridged-tee circuit, we have

1
alll = al22 = 1257 a/21 - % S, Cl/12 =11.25Q

The a-parameters of the cascaded networks are

apy = (1.25)% + (11.25)(0.05) = 2.125
a2 = (1.25)(11.25) + (11.25)(1.25) = 28.125Q
ag = (0.05)(1.25) + (1.25)(0.05) = 0.1259

92 = Q11 = 2125, RTh = (45125/3125) =14.44 Q)

100
[b] Vi = 3105 = 32V, therefore Vo =16V
162
P= = 17.73W
L] 14.44
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Problems 18-5

Problems

P 181 hy = (E> =205 = 4Q
1/ Vo=0
I —20/25)1
ho1 = (—2 (=20/25)1x —0.8
1/ V=0 I
his = (E> = (20/25)‘/2 =0.8
2/ 1;=0 ‘/2
I, 1 1 8
hoy — (—) -5
- )i 15 25 75
I 1 1
— (&) ==+ =018
I (%)12:0 20 " 20
\ 15/2
go1 = (—2> = (15/20)V3 =0.75
1/ I,=0 ‘/1
o () -
2/ vi=0 I,
\ 75
gos = (—2 = 15||5 = — = 3.75Q
2/ V1=0
P 18.2
1, 10 9 1,
v, £120 v,
V
= —| =14+12=130Q
Il I>=0
v
Z91 = -2 =120
Il I>=0
v
= — | =44+12=160
I2 1,=0
v
Z19 = -1 =120
I2 1,=0
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18-6 CHAPTER 18. Two-Port Circuits

P 183 Az = (13)(16) — (12)(12) = 64

299 16
=-—==—=0.25S
yu Az 64
—Z12 —12
Y12 A ol 0.1875S
—2Z2921 —12
Y21 A 6 0.1875S
—Z11 13
= = — =10.203125S
Y22 Az 64
Il I2
P 184 Y11 = — ; Yo = —
‘/1 Vo=0 ‘/1 Vo=0
802
iy

I I
% 1 2&9 W 4&5 26

+
v BV $10Q v, =0
V-1 V V
—_—t+ — 4+ —=0; V =0.125V
50 0Tz
1—-0.125 1-0 0—-0.125 0-1
I = = 168.75mA: Iy = = —156.25mA
! 20 s L 2 1 s o
I I
Y = — = 168.75mS; Yy = — = —156.25mS
‘/1 Vo=0 ‘/1 Vo=0
Y12 v Vs ; Y22 v Vs
80
ey
911 200 v 40 Izé
A, Sy,

+ +

v =0 100 1V (D v,
VoV o V-l
— + —+——=0; so V=062V

20 10 4
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P 18.5

STUBENTS-HUIE, cdit

recording, or likewise. For inf

Problems

—0.62 —1
L=070025 021 hs 05 ma.
20
1—-0.62 1-—
I, = 06 5—|— Y = 218.75mA
4 8
I I
‘/2 Vi=0 21v1=0
Summary:

Y11 = 168.75mS Y12 = —156.25mS Y21 = —156.25mS Yoo = 218.75mS

Vé = bll‘/l - 61211

I2 = b21‘/1 - b2211

—V5
bl2 - I—l

—1I
) by = ——
Vi=0 Il

Y/ .
N

200

Vi=0

515 = (15/4) Q 10]]20 = (20/3) Q

Iz = (15/4)12(20/3) a 1122?; Lhi=lh—1L
L=oh h=2h

booy = _I—fz =12

b1z = _I—‘f = _I—‘f (%) = 11225(12) =1250Q
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18-8 CHAPTER 18. Two-Port Circuits

Vi I
by = — ; by = —
ST 11=0 ST 11=0
IIZD 5C2 Ia Iz
Ay
+
" 100 15@/
W o W
_1 Ib _2
2062
10 20
Vi=Vo—W, Vai==V, W==W
1 b 5 V2 b=73-V2
10 20 2
Vi = Evz - 3—V2 = ﬁvz
Vs 21
b= 2 =2"=105
=T

Vs = (10 + 5)|(20 + 15)I5 = 10.51;

I, I\ (V3 1
boy = 2 = (2 (2) = (—) (105) =15S
Ty (V2>(V1> (10.5>( )

Vi P
P 186 hll - — ; h,21 = —
Il Vo=0 Il Vo=0
I I
1 10% ZD% 2%
—1I,
v, $80Q 200 ZR0Q v, =0
Vi
7= 80]|[10 4 20]]20] = 80|20 = 162 S0 hi1 =169
1
80
Ie = ——1; =081
5= goqa0lt T U
L= —2 I = 05l — 0.5(0.8)I; = —0.41 " hy =—04
2_20+206— Jdlg — . . 1= Al - 21 = .
Vi P
By — —1 : Py — —2
2 ‘/2 1,=0 - ‘/2 I1=0
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P 18.7

STUBENTS-HUIE, cdit

recording, or likewise. For inf

Problems

I,=0 I
1062 200 2%
At A
+ + +
Vi 2800 vV, 2200 $80Q v,

Vi 1
—2 = 80]|[20 + 20]|90] = 25 hay = 5 =40 mS

I

~20]90
T 72042090 2

80 _80(20]190)

Vi = = Vo = 0.4V%
T804 10 90(20 + 20[]90) * ?
hlg =04
Summary:
hll =16 Q; hlg = 04, hgl = —0.4; hgg = 40 mS
V1 Ri Ry
hi1 = =R||Ry =4 .. — = =
e Il Vo=0 1” ? R1+R2
I, — Ry
hop = — =——=-0.8
7L =0 Ri+ R
R
R2 = 08R1 + 08R2 SO R1 = Zz
Substituting,
(R2/4) Ry
— 2 - =4 so Ry=20Q and R; =59
(Ra/4) + Ry ? !
I, 1 1
hog = — = = =0.14
27 Vi lno  Rs|[(Ri+Ry)  Rsl25
Rs =10
Summary:
R1:5Q, R2:2OQ, R3:10§2
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18-10 CHAPTER 18. Two-Port Circuits

P 18.8 For V5 =0:

s
R Tili[s!

181 V
12000

Vi = (400 + 1200)1;

1% 1600
hy = — = —— = 16000

V, = 1200(1A) = 1200V =V,

At Vp,

1200 1200 -V,

=0 V, = 3600V
500 1000 i
L= 3000 yga
200
I —18
hoy = — ——— =18
2 Il 1,=0 1
For I; =0
I,
+ 4000
Vl
120062
Vi=0
1% 0
hip = — = - =0
2 ‘/2 1,=0 1
At V,,
Vo, Va—Vo_
500 100
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Problems 18-11

But V,, =V, = 0 so V, = 0; therefore,

1V
L=—" —=5mS
2% 500 O™

I, 5
oy = 2| =22 _5mg
2 ‘/2 11=0

P 189 For I, =0:

301, — 250, =1

=251 + 17515, — 13(25)(1; — I3) =0 so — 3507y + 50012 =0
Solving,

I; = 80mA; I, = 56 mA

Va =501, — 13(25)(I; — I1) = =5V

I S0m
= — = —— =80mS
g1 Vi I5=0 1 -
Vs -5
= — = — = —5
g21 Vi o 1
For Vi = O:
Ay
. 1000
! 50 500
i, I S
+ 22 +
Il;; v, 3250 <% v, (D1n
B 13 v,
301; — 2515, =0
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18-12

P 18.10

STUBENTS-HUIE, cdit

CHAPTER 18. Two-Port Circuits
—2511 + 17515 + 50 — 13(25)([; — I;) =0 so —3501; + 5001, = —50
Solving,
Vo =50(Iy +1)—13(25)(1; — [5) =25V
I —200m
= — = =-0.2
g12 Ty lvio 1
Vg 25
— = — =250
go2 = 12 iz 1
Vi = anVa — ajals
I = anVa — axls
ajl = E : a L
11—‘/.2[2:0, 21—‘/.2[
T Iz=D
Y ko <
. A .
+
—‘1 +
10 v, JDepr E40kD
v, Yy
Vi =101 + 107*V, = 10°(—0.5 x 1079V, + 107*V4
an=—-5x101+10%=—-4x 107
Vé = —(50]1)(40 X 103) ag = —# = -0 5,US
’ 2 x 106 ’
-V
12 = —F— ; Q29 = ——
I2 Vo=0 Vo=0
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Problems 18-13

I
I 2
— ' N S
* e
* +
1D_4 Vz i \l/ 501 §4OKQ
Ul ‘J2= 0
_. —
I 1
I, = 501; =
2 1; a22 12 50
Vi i
Vi = 100011 1y = —— = —==L — —(1000)(1/50) = —209
I, I I,
Summary
ajp = —4 % 10_4’ a2 = =209 ag = —0.5uS;  agp = —0.02
ao1 —0.5 x 10_6
P 18.11 = = = =1.25mS
n a1l —4 % 10_4 m
—Aa —(—4x 10_4)(—1/50) —(=0.5 x 10_6)(—20)
= = = —0.005
g1z ary —4 x 104
= ! = L = —2500
g1 = a1l - —4 % 10_4 -
ai2 (—20) 4
= —=———"—=5x10"Q
922 a1l —400 x 10_6
P 18.12 For V5 = 0:
Il 106 jz2082 20082 Iz
fify fully
+ % Ia
+ —4_
1 Y50, Ti1000
501, 1
200 42T R 2=0
I,
hoy = = =0
2 Il Vo=0
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18-14 CHAPTER 18. Two-Port Circuits
4 Vi 4
Il Va
For I; = 0:
I, 100 7200 2000 I,
iy il
+ —> I +
+ 1
Yy Va0, Tri1000 Ve
Va Vo — 5015
Vi = 5015; I, =
! 2 27 4100 200
20015 = j2V5 + V5 — 5019
25015 = V(1 + 52)
1+ 42
501y = Vs ( +5‘7 ) = (0.2+ j0.4) V5
Vi =(0.2430.4)V;
Vi ‘
hiz = — =0.247504
12 Va 11— J
Iy 1+72 4
oy = —— = =4+ 58 mS
22 Va 1o 550 + 78 m
Summary:
hll =10 —l—]20 Q; hlg =0.2 —l—]04, hgl = 0; hgg =4 —l—]8 mS
P 18.13 I = gi1Vi + giady; Vo = g1 Vi + g221
I 0.25 x 1076 )
= — =——— =125 x107° = 12.5uS
M=V e 20 107 8 a
Vé -3 3
= —= = — x 10° = —250
g21 Vi lnoo~ 20 X

0 = —250(10) + g22(50 x 107°)

go2 =

STUBENTS-HUIE, cdit

recording, or likewise. For mformatlon regarding permission(s), write to: Rights and Permissions Department, Pearson
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Problems 18-15

200 x 107% = 12.5 x 107%(10) + g12(50 x 107%)
(200 — 125)107% = g15(50 x 107°%)

75
=—=1.5
g12 50

P 18.14 [a] Iy = yuuVi + y12V2; I =y Vi + ya2 Vo

IL|  50x107°

Yo1 = 71 Yozt 10

0 = 121(20 x 1072) + yop(—5)

=5HuS

1
Yoo = gy21(20 x 107*) = 20nS

200 x 107% = 411(10) so w11 = 20 uS
0.25 x 107 =20 x 107%(20 x 107*) + y12(—5)

0.25 x 1075 —0.4 x 1076
Y12 = i 5 a = 30nS

Summary:
y11 = 20pS;  y12=30nS;  yo1 =5uS; Y22 =201nS
Ag _ G2, _ 9, 1

[b] Y11= —5 Y12 7 Y21 ;o Yog = —
g22 g22 g22 g22

Ag = g11922 — 912921 = (12.5 x 107°)(50 x 10°) — 1.5(—250)
= 625 + 375 = 1000

1000 250
U= s rgs - 2OKS = s = 948
15 1
—_— 2  _30nS: — =~ —20nS§
912 = 5075 106 A AVETI t

These values are the same as those in part (a).

P 18.15 Vi = h11]1 + hlgvvz; 12 - h21]1 + h22‘/2

Solve the first equation for I; and the second equation for V5:

Vi hip Iy hy

ARSI U V= 22ty
1 h,11 h,11 2, 2 1

Work with the I; equation, substituting in the expression for V;:

N[l
hii hi !
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18-16 CHAPTER 18. Two-Port Circuits
h12h21 V1 h12
L |1— = — — I
! [ h11h22] hll h11h22 ?
Thus,
g = 1/h11 _ hao _ @
U = (hisha)/(hinhas) — Bithas — hishay  Ah
10 = —hi2/(h11ho2) _ —hio _ —hio
1 — (higho1)/(ha1ha2)  hithes — higha Ah

Now work with the V5 equation, substituting in the expression for I;:

P hor | Vi hio
Vo=—~2 - =|—-—= 1%
* " hay  ha lhn hin 2]
hiaho1 P ha1
Vo |l— = v
? l huhn] hoo  hitha '
Thus,
o1 — —ha1/(haihee) —ha _ —hx
27 1= (hashor)/(harhas)  hithas — hishar  Ah
Gop = 1/has _ hi1 _ @
27 1= (haohor)/(hirhas) — hithas — hisher  Ah
P 18.16 Vi = a11Vo — aqa21s; I = anVa — axls
1
L=y, —
22 22
—1
hgl = — and hgg = %
22 22
1
Vi=anVe —anp (021‘/.2 - —I1> = (011 - a12a21> Vo + gh
22 22 22 a2
A
hi = E and  hie = a1 — 2021 = _a
22 22 a2

STUBENTS-HUIE, cdit
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Problems

P 1817 I = guVi + gi2ls; Vo = gaVi + g2l

I, = _V2 _ @Vl
922 922
—9g21 1
Yo1 = and Yoo = —
922 922

I = guVi + g12 (g Vo — @‘4) = (911 - 912921> Vi+ &Vz

922 922 g22
912921 Ag 912
Y11 = g1 — =— and yp ="
922 922 g22
P 18.18
Il |1 e T T T Iz
+ 2/ 0.2s +
%100
v, Vz
For I, = 0:
2 Vi 10 2
‘/i:(—+10>]1 SO 2’11——1 = s+ Q
s Iy |r,=0 s
vV
Vé = 10]1 SO 291 = —2 =109
Il I>=0
For I; = 0:
Vi
Vi = 10]2 SO 212 = —1 =109
I2 1,=0
Vo
Vo = (0.2s + 10) 15 SO 299 = — =0.25+10Q
Iy 11—
P 1819 I = y11Vi + y12Vo; Iy = yn Vi + y22 Vs

Since the circuit is symmetric and reciprocal, y11 = y22 and y12 = yo1.
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18-18 CHAPTER 18. Two-Port Circuits

1/s
1T Ia%
I1 3 3 Iz
Ib% +
v, 1§ V,=
Vi Vi
[ = +
"T1)s) s+ (s/s+1)
I N s+1 3 +252+s5+1
— =S =
Vi 5?2+ 2s s(s +2)
B 425+ 541
Y11 = Y22 = s(s—|—2)
Vi 1 1 Vi
s(s+2) (s+1) s(s+2)
Vi
L=—(,+1)=—1W _
2 (I + 1) [IS+S(S+2)]
I 1 s34+ 252+ 1
- = s_l_ = —
Vi s(s+2) s(s+2)
_ s +2s2+1
Y12 = Y21 = (s—|—2)
-V -1
P18.20 [a] a1p = —— | ;  ag = ——
I2 Vo I2 Vo
=M
L, L, L
Ay W
R . R
Vl sL sL
- »

Vi = (R‘l‘ SL)Il - SMIQ

mBnc U] er Saddle River, NJ. All rights reserved. This publication is protected by Copy
STU ubli ri reproductlon storage in a retrieval system, or transmission in any form or

recording, or likewise. For mformatlon regarding permission(s), write to: Rights and Permissions Department, Pearson

wntten
At B JIbEeEL Bornat
ducation, Inc., Upper Saddle R|ver NJ 07458.



Problems 18-19
0= —sMI, + (R+ sL)I
R+sL) —sM
_ | ) = (R + sL)* — s*M?
—sM (R+ sL)
R+sLV;
—sM 0
I Ny sMV; . " _E_(s]\/[)z—(R—l—sL)2
7 A (R+sL)?— $2M? L sM
-1 —(R+sL
0= —sMI, + (R+ sL)I: e ( L )
Vi I
a1 = — as) = —
TR TP
I St 1=t
! N
A s
R . R
Vi sL sL hE
_ . _
Vi
Vo =—sMIy; I, =
S """ R+sL
v, —sMVy Vi R+sL
a = — =
7 R+4sL’ TV, —sM
L —1
a = — = —
TV, M
[b] a11 = aze (symmetric, reciprocal)
aj1a92 — ajpaz1 = 1 (reciprocal)
R+ sL R+ sL
a1 = — a2 = — (checks)
o — aia _ (R+sL)*  (sM)*?—(R+sL)?* 1
122 — (12021 = rrng M i
R+ sL)? M R+ sL
:( +sL)* + (sM)” — (R + sL)* =1 (checks)

(sM)?
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18-20 CHAPTER 18. Two-Port Circuits

P 18.21 For I, = 0:

1 IZ
' Ay
+ 200 +
, 1000
Vl ::—]5DQ \l/ §4DQ Vz
0.025V,
— 5V, —
Vo — Vi Vs
2 _= =
50 +005V1+40 0
2Vo =2Vi+Vi+Va=0 so 3o =W
Vi
ay = - =3
H ‘/2 I,=0
P R (| (RN (R
LT 50 100 20
] 1 1] [5 1]
1[50+100+20 21700 T 20
6+ j2
=i [*) " i)
100 10

But V; = 3V5 so

18 + 76 — 10
I = [“—] Vs = (0.08 + j0.06)Vs
100
I ‘ 4
ag1 = — | =0.08+450.06S =80 + j60mS
‘/2 I,=0
For V5 = 0:
Il Iz
' Ay
+ 2002
, 1000
v, T-1500 J 2400
0.025Y,
- EIVZ
Vi Vi Vi 6+ 52
L= PR A )

—350 100~ 20 100
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Problems 1821

v
I, = 0.025V; — — = —0.025V;
20
Vi
— - 400
= s 0.025
I —2Vi(3 + j1) ‘
_ — 244408
2= T e 100(—0.025)V; TJ
Summary:

ail = 3’ a9 = 40 Q’ as; = 80 + ]60 mS, Q29 = 2.4 + ]08

4
P1822 hy=22__ W 45 g
Aa
h'12 =
22

Aa = 3(2.4 + j0.8) — 40(0.08 4 j0.06) = 7.2+ j2.4 — 3.2 — j2.4 = 4

4
hig= ———— =1.5—740.50
2= 0.8)(B+ 1) J

1 1
hyy = —— = —— = —0.375 + j0.125
2T T (08)(3+ 1) J

By = 24 = 20D 00375 + 70.0125 = 37.5 + j12.5mS
27 e (08)(3+ 1) J J

P 18.23 First we note that

Zy + Z ) Za + Z, Zo+ Zu) (2, + Ze
11:(b+ 2ot Zv) 222:( + Zv)(Zy + Ze)

Za+2Zb+Zc Za+2Zb+ZC

Therefore 211 = 2z29.

; Use the circuit below:

Vi = 2, — Zody = ZyI, — Zo(Iy — 1) = (Zy + Zo) Iy — Zely
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18-22 CHAPTER 18. Two-Port Circuits

Zy + Z, (Z + Z.)?
Zav2Z+ 2.0 0 T Ziv2z,+ 200 07
Vi (Zb + Zc)2 sz - ZaZc
I2 Za+2Zb+Zc Za+2Zb+Zc
v
Zo1 = — ; Use the circuit below:
Il I>=0

Vé - ZbIm - ZcIy - ZbIm - Zc(Il - Im) - (Zb + Zc)Im - ZCII

Zy+ Z. (Zy + Z.)?
1 SO Vo =
Za+2Zb+Zc Za+2Zb+Zc

r =

I — Z.1,

Vé o (Zb + Zc)2 o Z sz - ZaZc

221 = &

I Z.ot2Z+ 2. T Z 1oz, 4z ©

Thus the network is symmetrical and reciprocal.

P 18.24 Vi = anVQ — alglg; Vi = V;, — Zgll

I = anVs — 022]2; Vo =—Z11

Vi =anVa —ai

( a12> V, = anZr + as

— Vs
ail + Z, 2

2 =
-7 Zr

Vi 2z

Vi an+anZr

P 18.25

—_—— e ——

I = yuVi + y12Va; Wi=V,— 1,4,
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Problems 1823

Iy = ya1 Vi + Y22 Va; Vo =—Z11
Vo = —Z1(y21V1 + y22V5)

Vo(1+ Zryae) = —Zrya Vi

-7
Vy = LY21 1

14+ Zryae

Y12y21 41

I =y vy — Lyl
1 =Y 1+ Zoym 1
L y Y12Y21 21
L, - L
Vi 1+ Zry

P 18.26 Vi = hiili + hiaVa; Vi=Vy -1z,
Iy = ho1 Iy + haoVa; Vo =—2Z11
Iy = hoily + hoo(—Z1 1)
(14 ho2Zp) Iy = hor Iy

I, _ ha1
Iy 14 hyZp

P 18.27 I = giiVh + gi21s; Vi=V,— 17,

Vo = gV + go2ls; Vo =—Z11

Vn = Va
I,=0
I V, =V,
Va = ganVi; V=—=-2
g11 Zyg11
Vi(l+ Zyg11) =V, Vi Y
gd11 1 1+ Zyon
Thus,
921Vy
Vo = Vi, = — 22179
? o 1+ Zggll
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18-24 CHAPTER 18. Two-Port Circuits

Vo = gaVi + ga2ls

Vo Li—giely  —(Vi/Zy) — gi2ls ~ —Vi — g12Zy 1o
= - —
g11 g11 Zyg11

(14 Zyg11)Vi = —g12Z415

— 12241 Z
Vo = g1 (7912 Y 2) + go2lo = <922 _ Sgndy ) I,

1+ Zggn 1+ Zggll
Thus,
Va 91292124
Z = — = B —
B 927 + Zyg11

P 18.28 Vi = b1 Vi — bioly: Vi=V, - L2,

Iy = by V) — 522]1; Vo =—Z11

1 b
Vy— Zyli = —Vo+ —1

bll bll

612
V, = —Vi Z,) 1
9 m12<m+ )1

V,—Vafbu bV, — Vs

I pu— pu—
' Zg+ (bia/b11)  Zgbi1 + b1o
Sz
Z—L = by Vi — baoly = 021 (Vy — Zylh) — baoly
bi1Vy — Vs
= bV, — (Z,b boo)l1 = b1V, — (Z,b b -
21Vy — (Zgba1 + ba2) 11 01 Vy — (Zgba1 + 22)[29611_‘_612]
1 Zgbar + a2\ (Zyba1 + b22)b1y
> = | b21 — Vy
Z Z 611 —|- 612 Zgbll ‘|‘ bl2
( 1+ b+ ZyZrba + 5222L> _ (Zgbllb21 + baobi1 — Zgbi1ba1 — b1zbz1> v
Z1(Z4b11 + bi2) Zgbi1 + bia I
Vo o Z1,(b11bgg — biaba1) . Z1Ab

Vy b+ Zgbi1 + Zpbos + ZyZ1boy b+ Zgbi1 + Zpboo + ZyZ1bo
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Problems 1825

P 1829 I = g11Vi + g121
Vo = gaVi + gaols

From the first measurement:

I, 100 x 10°°

= 0.1 m
V, 200
920 =T 00

From the second measurement:

I —25x107°

LI 0,005
2= T Ty X103
v 200
=2 2 40kQ
92 = T T 5% 103
Summary:

g1 = 1mS; g2 = —0.005; go =2000; goo = 40k
From the circuit,

Z,=1kQ;  V,=45mV

glggngg 10(1000)
ZTy = — ————— = 40,000 + —————= = 45,000
Th = g22 1—|—g11Zg 111
gnVy _ 2000(0.0045)
V- =45V
™ T gnZ, 1+1
A ®
45%k(3
4,5v(’
© ,_2 £ 45k0
i
™
4.5
= 50 uA
~ 90,000 .

P = (50 x 1079)%(45,000) = 112.5 uW
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18-26 CHAPTER 18. Two-Port Circuits
91292144
P 18.30 ZTh = - -
[a] Th = §22 11 g11Zg
_( 1+41>(1 41)_ 1
J12921 = 5 ]2 5 ]2 —]2
l+gnZy=1+1—j1=2—j1
4 73 4
Zr=21-413Q
Vv, _ 92121
Vy, (14 911Z4)(g22 + Z1) — 9129212,
1 1 4 4
92141 = (5 —]§> (2.1 —41.3) =04 —j1.7

o2+ Zr, = 1.5+ j2.5 + 2.1 — j1.3 = 3.6 + j1.2

912921244 = J3

Va _ 0.4 —j1.7 04417
V, (2-j)(B6+,L2)—j3 84— ;42
04— j1.7 ‘
= S - aa 42 %) = — =781/ — 1 o
V, Y —j4.2( [0°) =5 — j6V(rms) = 7.81/ — 50.19° V(rms)
The rms value of V; is 7.81 V.
-V, -5+ j6 ‘
b I, = = — 34 1A
[b] I 7L 21— 713 34 j1 A(rms)

P=|L*21)=21W

1_2 —9g21

c =7
e Li g2+ Ag

A _(1 ‘1> (3+‘5> (1 1)( 1+‘1>
9=\6 76)\2 773 2 J3) 7373
3.5 3.5 1 2 1
"L T /T 373
11 0.8 34
gusr (6 6’)( ) ) 6 J 6
08 34 4 2 ‘
gnZL—I—Ag:——j +_—]_:08—]09

6 ‘6 6 7’6
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Problems 1827

L —[(1/2) -3501/2)]

I, 0.8 — 0.9
(0.8 — j0.9)I, 1.6 —j1.8
Il - . — . I2
—0.5 + j0.5 —1+741

= (=174 j0.1)(=3 4+ j1) =5 — 72 A (rms)
P,(developed) = (42)(5) =210 W

21
% delivered = m(lOO) = 10%
V2 2IZL
P 1831 [a] V_g - Yi2y21Z¢ 21, — (1y+ y11Z4)(1 + y22Z1)
Yioyn ZyZ1, = (—2 x 1075)(100 x 107%)(2500)(70,000) = —35
L+ynZ, =1+ (2 x 107%)(2500) = 6
1+ y2Z, =1+ (=50 x 1079)(70 x 10*) = —2.5
Y2171, = (100 x 107%)(70 x 10%*) = 7000

Vy 7000 7000
V, —-35—(6)(-25) —20

V, = —350V, = —350(80) x 107 = —28 V(rms)
Vo = 28 V(rms)

= —350

Vv 2
[b] P= Vol 0107 — 11.20mW
70,000
—28/180°
I, = ———= = —0.4 x 107/180° = 400/0° A
[c] Ty 70,000 0.4 x 107%/180° = 400/0°
1_2 Y21

I, yu+AyZ;

Ay = (2 x 1073)(=50 x 1075) — (=2 x 107%)(100 x 1073)
= 100 x 107
AyZp, = (100)(70) x 10* x 1072 =7 x 1073

yu+AyZ, =2x102 +7x 10 =9x107°
L, 100 x 1073 100

I, 9x10% 9
9(400 x 1076)
100I; = 9Iy; I, = 100 -~ 36 pA (rms)

P, = (80)107%(36) x 107° = 2.88 uW
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18-28 CHAPTER 18. Two-Port Circuits

1+ yllZg
Yoo + Ay Z,
From the solution to Problem 18.31

L+ynZ, =1+ (2 x 107%)(2500) = 6

P 18.32 [a] ZTh =

Yoo + AyZy = —50 x 107 + 1077(2500) = 200 x 10~°

6
T = — x 108 = 0
™ = 555 X 0% = 30,000

7, = Z%, = 30,0009
[b] 2121 = (100 x 107%)(30,000) = 3000
Y1oya1 ZgZ1, = (—2 x 107%)(100 x 107%)(2500)(30,000) = —15
14+ynzy, =6
1+ ynZ, =14 (=50 x 1079)(30 x 10*) = —0.5

Vo 3000 3000

Y2 _ _ = —250
V, —15-6(-05) —12

V, = —250(80 x 107%) = —20 = 20/180° V (rms)

Vo2 400
= 3'0 SJ)O =55 % 107% = 13.33mW
] = —ve o 200 2
>730,000 30,000 3

I, 100 x 1073 100 x 10°°

B2 _ - =20
I 2x103+10°7(30,000) 5 x 103

I 2x 1073 1
2 _ 2 = — mA(rms)

I i
Y7207 3200 30

1 8
P,(developed) = (80 x 107%) <% X 10_3> = g,uW

P18.33 12— AbZ
Vo o bia+biiZy + basZy, 4 ba1 Zy 2y,

Ab = by1baa — biabar = (25)(—40) — (1000)(—1.25) = 250

Vs 250(100) .
V, 1000 + 25(20) — 40(100) — 1.25(2000)

Vs = —5(120/0°) = 600/180° V(rms)
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Problems 1829

—Vy  —600/180°

I = = —— _GA
2= 700 100 (rms)
L —=Ab —250 .
I, b +bnZy  25—1.25(100)
L 6
I = 55 =55~ 2.4 A(rms)

P, = (120)(2.4) = 288W; P, = 36(100) = 3600 W

P, 3600
o= 125
o 288
P 18.34 [a] For I, = 0:
I 1300 I.=0
— 08y s
+ +
°
Vi 4100 41600 Yz
_A . -
Vi —33V;
Vy = —j300, = —j30-———— = 71
10 +410 1+71
Vi 1+451 —1+4j1
a = — = =
" Vlpme 43 3
I 1 J g
a = — = —=
TV, Ip—o —430 30
For V5 = 0:
I 300 I
% 100 Y 300 %
+. A A
.
Vl
3100 41600
_- .

Vi = (10 + j10)I; — 5301,

0= —4301; + (80 + j160)1,

104410 —430
= J J = 100(1 + j24)
—j30 80 + j160
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18-30 CHAPTER 18. Two-Port Circuits

10+ 10 Vi|
Ny = = j30V4
—j30 0
LN 30V
2TOA T 100(1 + j24)
Vi 10
=—1 =-80+j—0
a12 T lvaco +J 3
73011 = (80 + 5160) 15
I 8
=1 = 22—
a22 Ty lvaso 3( J1)
] V= Vo 80/0° _(80/0°)30  2400/0°
M antanZ, (=1441)/3+35/30 —10+j10+j5 —10+ j15
= 133.13/ — 123.69° V
g _ mztanZ, [-(10/3)(24 - jU] +[(=8/3)(2 — j1)(5)]
Th —

an + a2y B [(=1+41)/3] +[(4/30)(5)]

— 121.54 + j132.310

Yy P e
121.548) j13z2.31() n
a
133.13,2123.69 v (¢ .
z  zzoo(l
.

200
121.54 4 j132.31

vo(t) = 132.87 cos (400t — 124.16°) V

(133.13/ — 123.69°) = 132.87/ — 124.16°

[c] Vo=

P 18.35 When V, =0
Vi=20V, I, =1A, I, =—-1A
When I; =0
Vo =80V, Vi =400V, I, =3A

20
=t =2 =200
Vo=0 1
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P 18.36

STUBENTS-HUIE, cdit
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Problems

hog = ‘I/—Z 11:0: % = 37.5mS
Zn = % =100Q

18-31

Source-transform the current source and parallel resistance to get V, = 240 V.

Then,
h21V,
I, = =—15A
P (Lt haaZu) (hay + Zg) — hashar Z,
P = (-15)*(10) = 22.5W
] o = 7 e
a = — . _ —
Ju ‘/1 Vo=0 s ‘/1 Vo=0
I1 5 5 12
+
L1
' T V= 0
1 s(s*+1)+s
Vi = — LH=—+-—"I
= [ Q)1 =S
. Il . 82 —|— 1
= Vi os(s2+2)
—(1/s -1 s +1 -1
P L I B WP
s+ (1/s) s2+1 s(s?242) (s242)
B —1
vy = s(s? 4+ 2)
Because the two-port circuit is symmetric,
—1 d s2+1
= = an = =
Y12 = Y21 s(s2 + 2) Y22 = Y11 (2 + 2)
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18-32 CHAPTER 18. Two-Port Circuits

b 2= o
Ve y2ya1ZgZy — (1 +yuZy)(1+ y222Z1)
_ Y21
y12y21 — (1 + y11) (1 + y22)
—1
s(s? +2)
1 241 241
S S (I St (L A s
s2(s% 4 2)? s(s? +2) s(s?+2)
—s(s* +2)
1—(s3+5s2+2s+1)2
1
s34+ 252 +3s+2
1
(s+1)(s2+ s+ 2)

10
(s+1)(s+2)(s2+s+2)

Vo =

1 VT
— 4 4Y
12T Ty I
K, K, K K
V= —L 4 2y +
SHL sH2 st —gg s+

Ki=5  Ky=-25  K;=134/159.3°

va(t) = [Be™" — 2.5 + 2.67e " cos(1.32t + 159.3°)|u(t) V

I Va
P 18.37 |a = : —
[a] g1 = Vi = 921 = Vi |pp=
I, 5T, I
11 11
Vi TJae Tze V2

o1 1\ [sL+(1/sC))(1/sC)
Al (SL+E>_ L+ (2/5C)

sL+(1/sC)  $LC+1  (1/C)[s*+ (1/LO)]
s$2LC +2  sCO(s2LC+2)  s[s2+ (2/LC))

_ Cs[s* + (2/LC)))
24+ (1/LC)
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Problems 18-33

Vo = (1/sC) © V»  (1/sC) 1 ~ (1/LO)
2T sL+(1/sC) ! Vi sL+(1/sC)  $2LC+1 s+ (1/LC)
_ (/Lo
= e 1/Lo)
_hL _V
g12 I VFO, 922 Iy lvieo
I1 sL 12
+
21 21
V1=D T E T E Vz
_—(1/s0) “ __—(/Lo)
YT SL 1 (1/50) =2 (1/LO)

sL/sC  sL  (1/C)s
sL+ (1/sC)  s2LC +1 s2+(1/LC)

g2 = sL[|(1/sC) =

Summary:

_ Cs[s”+ (2/LC)). _ -(/Ic)
M= "Te /Loy 2= 3 A/LO)
__WrLe) | __W/O)s
=g /Loy 92 =2 (1/LC)

1 10°

[b] ﬁ:W:625x106

32 x 10%s(s? + 1250 x 10°)

= 2 + 625 x 10°
625 x 10°
912 = "2 695 % 106
625 % 10°
921 = 2695 % 106
3125 x 10%s
goo2 =

s? 4+ 625 x 106

6
Voo gnZi (321252210106) 500

Vi gmtZp 204500

Va 625 x 106 625 x 106

Vi s2462,500s + 625 x 105 (s + 12,500)(s + 50,000)
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P 18.38 d, =

CHAPTER 18. Two-Port Circuits

4
Vi=-
v — 2500 x 10° 4 533 1.33
> s(s+12,500)(s + 50,000) s s+ 12,500 s+ 50,000
= [4 — 5.33¢7 12500 4 1337500000 () V
o 358 a0
z1  4000/3
Az 25 x 10%/3
= —=""—""1"—6250
2= T T 4000/3
1 1
h=—=-"—"==075x10""Q
“ = T 40003 %
2 10000/3 .

T2 = T T4000/3

" —Y22 —40 x 10_6

=TT 800 x 106
1 1
no L TS 19508
2= T 800 x 10-6
“Ay  —4x10°F
B S I T VT ST
Y21 —800 x 106

) —Y11 —200 x 10_6
G2 = T T 800 x 10-°

ay = ahall, + dlual; = (8.75 x 107)(0.05) + (62.5)(50 x

107%) = 3.5625 x 1073

a1z = diydlly + dlpall, = (8.75 x 107%)(1250) + (62.5)(0.25) = 26.5625

a9 = ayall, + dyal; = (0.75 x 107)(0.05) + (2.5)(50 x 107%) = 162.5 x 107°

gy = abyaly + abyaly = (0.75 x 107)(1250) + (2.5)(0.25)

Z1Vy
(11 + a212y) Z1, + a1z + axZ,

(15,000)(0.03)

‘/2:

= 1.5625

~ [3.5625 x 1073 + (162.5 x 10-6)(10)](15,000) + 26.5625 + (1.5625)(10)
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P 18.39 The a parameters of the first two port are

or

STUBENTS-HUIE, cdit

~Ah 5% 107°

al, = a0 = —125x 107
)y = _}Zil = _1%00 =250

ay, = _hfzz = ;—%5 x 1070 = —625 x 107 S
iy = ;; ;—01 = —25x107%

The a parameters of the second two port are

" 5 . " 3R " 3 "

an:Za a12:—4; a21:—4R5 Q9o = —

1
ajy = 1.25;  afy, =54kQ;  ay = % mS;

The a parameters of the cascade connection are
a1 = —125 x 107%(1.25) 4 (—25)(1072/96) = —
app = —125 x 107%(54 x 10%) 4 (—25)(1.25) = —38Q

ag = —625 x 1077(1.25) + (=25 x 107%)(107°/96) =

al, = 1.25

Problems 18-35

—10~*
96

S

age = —625 x 1077(54 x 10%) 4 (=25 x 107%)(1.25) = —65 x 10~?

v, _ 2
Vy (11 + a21Zy) Z1, + a1z + axZ,
912,y = _192, ' (800) = _112 i
a1 + anZ, — —1072 n —1072 _ —1072
24 12 8
—1072

(a1 + a1 Zy) 7y, = (72,000) = —90

anZ, = —65 x 1072(800) = —52

V, 72,000
- —400
V, —90—-38-52

Vo=V, = —400V, = —3.6V
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18-36 CHAPTER 18. Two-Port Circuits

P 18.40 [a] From reciprocity and symmetry
ayy = ahy, Ad =1, .. 5> —2dah, =1, ah =18

For network B

150
I, K I,
ARy . Ay
50 j150 & | @ 31502 oo +
v, —= 3100 v,
Vi

= V_2 I>=0
Vi = (54715 — 10, = (5 + j5)L,
Vo = (—j10 + j5)I, = —j5L

9+ 75 4
"= =1 1
ayq —j5 +J

L
a = — =
Vi lp—o —Jb

a'2'2 = a'1'1 =—-1+71
Ad'=1= (—=1+70)(=1+41) —j0.2a'1'2

als =—10+ 55

Summary:

ay =5 aj; = —1+j1

ajy = 24Q aly = —10+ 750
ay, =18 ay, = j0.2S

a5y =5 gy = —1+j1

[b] a1 = a/11a/1/1 + a/12a/2/1 =-5+7938

a1o = A}y + ajoahy = —T4 + j49Q

az1 = ayay; + apaz = —1+ 525
U22 = A51AYy + Uhylny = —15 + 510
—V, ‘
I, = = 0.205 + j0.279 A

a2y, + a2 + an Zy 2y,
Vo= —-10I, = —2.95 — 52.79V
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P 18.41 [a] At the input port: Vi = h11]1 + hlng;
At the output port: Iy = hoily + hoo Vs

s00Q h11 h11
W " —
1
+
e h ' ¥
WO oS D tmow &
hZEI _ 1%12

Problems 18-37

[b] 1—04 + (100 x 107%V4) + 1001; = 0

therefore I; = —2 x 1071,

Vy = 10001, + 15 x 107*V5 = =5 x 10714
1007 +1074V) + (=2 x 1079V, =0
therefore I = 205 x 107V,

V, = 15001; + 15 x 107*V; = 3000 x 107%V;

V,  10°
2= =33333
Vo 3 ’

P 18.42 [a] Vi = Lx(z12 — 291) + 1 (211 — 221) + 221(L1 + I2)

= Iyz19 — Inzoy + L1211 — Lizor + 2o1]h + 2o1]o = 21101 + 2120

Vo = Is(222 — 221) + 201(I1 + L) = 20111 + 2221

[b] Short circuit Vj, and apply a test current source to port 2 as shown. Note

that Ir = I,. We have

\% V+1 —
Yo + Ir(z12 — 221) —0
2921 Zg + 211 — 221
Therefore
201(Zy + 211 — #12)
V= Ir and V=V + Ir(z09 — 2
7o ¥ o T T 7(222 21)
Vr 212221
Thus — =Z, = 299 — | =————
I o 2 (Zg + 2’11)
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18-38 CHAPTER 18. Two-Port Circuits

I
2y i 217 Zz1 Zog Zaq
I'1£Z12 _ZZI)
Zg W VT IT
.
221 .
For Vi, note that Vo, = ———V, since I, = 0.
Zg+ 211

P 1843 [a] Vi = (211 — z12)[1 + 2z12(L1 + [2) = z11]1 + 21215
Vo = (201 — z12) 1 + (202 — z12) 2 + 212(L2 + 1) = 21 ]y + 20215
[b] With port 2 terminated in an impedance Zy,, the two mesh equations are
Vi = (211 — z12) 1 + z12(L1 + L)
0= Zplr + (201 — 212) 1 + (222 — 212) L2 + 212(11 + I5)

Solving for I;:
Vi(z22 + Z1)

I =
211(Z1 + z92) — 212291
Therefore
Vi 212721
Zin = =z -
I N+ 2L
P 18.44 [a] I1 = y11Vi + y21Va + (Y12 — y21) V5, Iy =y Vi + y22Va
I1 I2
¥y
Vl \l/ ylj-.k y21 y22+ y21 VZ
- ':ylz_ ¥aq )Vz -

I = y11Vi + y12Va; Iy = y12Vi + y22Vo + (Y21 — y12)V1

Ty T,

~VYiz
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Problems 18-39

[b] Using the second circuit derived in part [a], we have

I I

z * “¥iz

L 4

Vg(-} Vil Ya ¥ \l/ Va | %

L

where . = (y11 +y12) and  yp, = (Yo2 + Y12)
At the input port we have
I = yaVi — y12(Vi = Vo) = yuu V1 + y12Va
At the output port we have
Vs
7+ (Y21 — yi2)Vi + Vo — y12(Va — V1) =0
L
Solving for V; gives
1 Z
V= ( + Y22 L) Vs
—YynZL
Substituting Eq. (18.2) into (18.1) and at the same time using
Vo = —Zp 15, we get
é _ Y21
L yn+AyZy

P 18.45 [a] The g-parameter equations are Iy = ¢g11V1 + gi2lo and Vo = g21 Vi + gaalo.
These equations are satisfied by the following circuit:

Iy I

v, 5911 J C vy

— g12 1 2 gz 1V1 —

[b] The g parameters for the first two port in Fig P 18.39(a) are
hgg 25 x 10~ 6

i 1073
9= AT Fxi0s 0 0TS
—hlg —5x 107
2= AL T 5x 103 0-10
—hgl —40
1= A T5x108 o0
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18-40 CHAPTER 18. Two-Port Circuits

hi 1000
St Y 900k
92 = Ap T 5w oW

From Problem 3.67 R,y = 72k(2, hence our circuit reduces to

I I

1 . B0OC2 2
Ay Ay .
N 200k0
v, O v, £5x10 § . v,  £72kQ
3 0.11, 0000V B
&
~ —8000V;(72)
2T 272
—Vs 8V1
Iy =
72,000 272
vy =9mV
Vi—9x1073 _ %
g TV x 10 )—01ﬁ_0
80V;
Vi—9x 107 +4V; — =0
1 X + 4V 3
Vi=34x1073
—8000(72
o = % X 3.4x 1073 =72V
From Problem 3.67
Vo
7 == 05, ‘/0 == —36V
2

This result matches the solution to Problem 18.39.

P 18.46 [a] To determine by; and by create an open circuit at port 1. Apply a voltage
at port 2 and measure the voltage at port 1 and the current at port 2. To
determine by and by create a short circuit at port 1. Apply a voltage at
port 2 and measure the currents at ports 1 and 2.

[b] The equivalent b-parameters for the black-box amplifier can be calculated

as follows:
1 1
by = — = = 1000
1 hlg 10-3
hi1 500
big = — = = 500k2
12 hlg 10-3
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Problems 1841

hae  0.05
by = — = =50S
21 hlg 10_3

Ah  23.5
boy = — = —— = 23,500
22 hlg 10_3 ’
Create an open circuit a port 1. Apply 1 V at port 2. Then,

Va 1
by = = 1000 Vi=1mV d
n= g o =7 so Vi mV measure
b = 2 2 _ 509 I, = 50mA d

= = SO = 50 mA measure
TV b= 1073 ?
Create a short circuit a port 1. Apply 1 V at port 2. Then,
Vs -1
b1y = _2 = — =500k2 so I =—2puA measured
Il Vi=0 Il
b = B 3500 I, = 47TmA d
[ — = = == m m r

2="7 v Z2x 1070 ) so I easure

P 18.47 [a] To determine y;1 and ya1 create a short circuit at port 2. Apply a voltage
at port 1 and measure the currents at ports 1 and 2. To determine ¥
and oo create a short circuit at port 1. Apply a voltage at port 2 and
measure the currents at ports 1 and 2.

[b] The equivalent y-parameters for the black-box amplifier can be calculated

as follows:
1 1
= — =2mS
e
—hlg —10_3
2= T TR0 #
ho1 1500
Y= T R0
Ah 235
= — = —— =47 mS
e T m
Create a short circuit at port 2. Apply 1 V at port 1. Then,
I I
Y11 = . —1_92mS so I, = 2mA measured
Vi =0
I T
y21=—2 =2-3S so I, = 3 A measured
Vi lve=0 1
Create a short circuit at port 1. Apply 1 V at port 2. Then,
I I
Y12 = — =1=_2 wS  so I = —2pA measured
‘/2 Vi=0 1
P P
Yoo = — == =47mS so Iy =47mA measured
‘/2 Vi=0 1
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