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CHAPTER 19 PROBLEM SOLUTIONS

SOLUTION PROBLEM 19.1. Refer to figure 19.3.
»Vs=100; ZL =20; Rs= 1€3;
»beta = 149;
»Zinbox = (beta+ 1)*ZL
Zinbox =
3000
»% By voltage division
»V1 = Vs*Zinbox/(Zinbox + Rs)
V1i= 75
»% To obtain the power delivered by the source
»|1 =V¢g/(Zinbox +Rs)
1= 2.5000e-02
»Psource = 11*Vs
Psource = 2.5000e+00

SOLUTION PROBLEM 19.2. Refer to figure 19.4.
»Vs=100; Z1 = 30e3; Rs=50; beta= 149;
»Zboxin = Z1/(betat+1)

Zboxin= 200

»V1 =Vs*Zboxin/(Zboxin + Rs)

V1i= 80

»Psource = Vs"2/(Rs + Zboxin)

Psource= 40

SOLUTION PROBLEM 19.3. Refer to figure 19.5.
(@ »C=0.1e-3; vc0=10; Z1 =300; Z2 = 1€e3;
»Z3=1e3;, gm=9e-3;

»

»Zin=Z1+ (1 +gm*Z1)*Z2

Zin= 4.0000e+03

(b)

»tau = Zin*C

© R. A. DeCarlo, P. M. Lin
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tau = 4.0000e-01

Hence, v (t) = v (0)e r—10e %% v,

SOLUTION PROBLEM 19.4. (a) First observe that since no current can flow into the secondary
we have

Voc = aVpyj = aRlj, =800 Vrms

Now

1 2 .
Zin=——=+a R=640- 360 W
th joC a J

(b) 2z, =(zy) =640+ 360 W,
»Voc = 800; Rth = 640;

»Pmax = Voc"2/(4* Rth)

Pmax = 250

(c) By inspection the circuit isa 640 Wresistor in serieswith a 3.6 H inductor.

SOLUTION PROBLEM 19.5. Because the output is open circuited, no current flows into the
secondary of the transformer, hence

Voc = Veee +SINBU(Y) = 2v i +sin(3t)u(t) = [cos(3t) +sin(3)]u(t).

Additionally

2.5

1 5_ 2
Zin(S) = —SO+ S+4+ 457" +0.255+ 92:—So+2s+4o

SOLUTION PROBLEM 19.6. Using Cramer'srule,
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é/l 1 - au
deteO 0.5 0
= g0 0 O.SH= 0.25v; _ 1
1 15a 15a 6a !
Therefore R, =6a W.
2
To compute the average power, Vg =10 V. Hence Pye = \%—H: = 16_(;0 watts.

SOLUTION PROBLEM 19.7. As per the hint, we write loop equations as follows:

ue—u

é
8‘4Q’SH g -2 4H8|3H

Using equation 19.6,

2 €0.2 0.10¢ 1p €0.2 Oluelo/su
“Vou =gs*l- [-2 0]201 0.3 o"’°“t+[ ! 1201 038 40'sy

= (S+ 0'8)|0Ut +—i

Therefore

2
Vout = (s+ 0-8)(' Iout) TS = Zth(' Iout) +Voc

: 2
I.e., Zy, =s+0.8, and Voc =- g

SOLUTION PROBLEM 19.8. (a) Let the node voltages from left to right be V4, V5, and V .

Alsoinject acurrent | 5 into node 3. Writing nodal equations by inspection we have:



Prbs Chap 19, 1/7/02 P19-4 © R. A. DeCarlo, P. M. Lin
0 615 -1‘ 025 BV 0
a_é e, U

egq—e -1 2 -05 l:évzg
H §0.25 -05/0.06255+0.75M/ f

Using equation 19.11, we have
1e| in U
)Vout +WoWhge €0

® 61 05ue025ua 61 05,0
=¢0.06255+0.75- [0.25 05]20 5 075805 & out - [0-25 0'5]315 07580

I3= ( - Wo Wi W

Thus
(0 0625s+ 0. 375) out - 0:-5lin

1 _ 16 W
0.0625s+0.375 s+6

Therefore 1o, = - I3]Vout _o = 0.5ljn. Further Zy(s)=

16l 8lin
() Vout(9) =Zin(s)l s = S+sg =~1a S+ 6

Voutimp(t) = 8¢ ®'u(t) V. Further, from MATLAB

By inspection, the impulse responseis

»n=8; d=[1 6 0];
»[r,p,k] = residue(n,d)
r=
-1.3334e+00
1.3334e+00

(]
Hence the step responseis:

Vout step(D) = g(l' e Gt) u(t) vV

SOLUTION PROBLEM 19.9. (a) Consider the following figure:
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"
K "
b1 +
* . Vo iE
w@® e 3E
_ 2u:uu'c

O

Let I, enter the output terminal and 1; and I, be the currents entering the primary and secondary

of the transformer respectively. It follows that

: :M + 4+ (b- DVout - (20- DVout +1

Iln R 1 R R
which implies that
oy (@D Doy
1 n R
Further,
_(1- bV, _ (1- bV,
|0ut - R out +|2_ R out _ bll
Therefore
_ (1- b)Voyt _ (1- bVt _ (1- b)Vout - (D- Vo6
lout = R +lp= R 'bll—T'bg?ln'—Rg
2
2 - 2b+1
=—Fx  Vout" blin
Equivalently
R bR
AV | + l;
T 02 2041 M 202- 2b+1 "
Therefore
R bR
Zyy=———— Von=——— 1|, lo =Dl
N7 2o+1 T W2 2o TN
R

b) l..=bD45°, Zp =—————— .
() sc th 2b2-2b+1
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2
1 1 2b°-2b+1 5
(c) B, =10= ZeC R c = RC = o Hence C=0.02 F. Further,
2b%- 2b+1
2_p_ 1 _ 1 _
Wy =25= TG00 Therefore L= 2 H.
\V/ V, 1 2 100s
(@ H(9= I(-)Utzogrt :22b2 2b+1 1 - 1 "2 +10s+ 25
noTTE s = ot~ vcs 02+ +002s S
R Ls S
J2. s-10
and l;n(s)=—"~ . Hence,
5002 s- 10
Vout(S)_ X )

~ (s? +10s+ 25)(s? +100)

To compute v, ;(t) in MATLAB,

%partial fraction expansion of Vout/C2 = = n(s)/d(s)
n=50*[ 1-100];

d=conv([ 10100], [ 110 25]);

[r.p, K] = residue(n,d)

%numerator polynomia of combined complex pole terms
num = [1-p(1)]*r(2) +[1-p(2)]*r(1)
Output from MATLAB

r=
2.8000 + 0.4000i
2.8000 - 0.4000i
-5.6000
30.0000

p =
-0.0000 +10.0000i
-0.0000 -10.0000i
-5.0000
-5.0000
num =
5.6000 -8.0000

Laplace transform of ouput

-5.6\/_2+ 302 , (5.65- 812

s+5  (s+52  s2+100

Vout(9) =



Prbs Chap 19, 1/7/02 P19-7 © R. A. DeCarlo, P. M. Lin

Taking the inverse Laplace transform using table 13.1 on page 515:
Vout (1) = [30\/_2te' S 5.6v2e ™ +5.6J2co5(1) - 0.8\/_28in(1CI)] TOR

The steady state part consists of the cosine and sine terms only. Since the parallel RLC acts like
aband pass circuit and the peak value occurs at 5 rad/s, one expects the magnitude of the steady

state output to be much smaller at 100 rad/s.

SOLUTION PROBLEM 19.10. (a) Write two nodal eguations by inspection:

e tYs -Yz3+OmueViu éy11 Y2 UBV1U

10
u= u—e ]
8o €-Ya  Yo+Yz (Boll &Vaz1 YorlBVal

MD:D>

(b) When port-2 is shorted, y,; isthe input admittance. Therefore

1 1

Zm_E Y1 +Y3

andsinceV, =0,
- KY:
12 =y21V1 = —53

SOLUTION PROBLEM 19.11. (a) By inspection

+Y3  -Y3 (B10 éy11 YyoUeVil

dig_ev
e —
Qo &Ya*tOm Yo+YaiBhd &o1 VaotbVal

Clearly, Y3=-y1p. Then, Y; =yj1- Y3=y11 + Y12 and Yo = yo5 - Y3=yop +Yip. Findly,
On = Y21 +Y3= Y21~ Y12-

(b) Recall that
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d10 & +Y3 -Y3+gntEViu €y Yo BBViU
(=& % 0= 6 &,
Gall E-Ya  Yo+Y3 (B0 &va1 YooliVal

Clearly, Y3=-yp1. Then, Y =y11- Y3=Y11 +yo1 ad Yo = Yoo - Y3=Ypp +Ypp. Findlly,
On = Y12+ Y3=VY12- Yo1.

SOLUTION PROBLEM 19.12. (&) By definition of coupled inductors

é‘/lu eL]_S MSLellu b élll:j_ 1 él_z -Ml}évllz,l
& (= é
80" s Lostfiof d21 iLle- Mzisé'\/' L1 0828
Hence, the y-parameters are;

1 élo -Mu

g )
(Lle- szsér ML

(b) By definition of coupled inductors

10 eL1$ - Msiél 10 éli0 1 dy MieViu
S/zu & Ms Lzslkﬁzu > g"zH iLle M ise'\/I lekg\/zu
Hence, the y-parameters are:
1 o My

é (
iLll_2 - M sté'\/' L1

If the coupling coefficientis1, 1L, =M 2 and the y-parameters do not exist since the
determinant of the z-parameter matrix is zero.

SOLUTION PROBLEM 19.13. Let |'2 denote the current entering the dotted terminal of the
secondary of the coupled inductors. Then using the result of problem 12a,
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1U 1 él_z -Mlipivllzl 1é4 '1l;EiV1l;

Q= é u=—=é C
20 iLle-MstérM L B0 6s&1 1R

@ @

From the given circuit I, = |'2 +2I1:_—1V1 + iV2 +§V1- EV2 :1V1- iV2. Therefore

6s 6s 6s 6s 6s 6s
the y-parameter matrix is:
164 -1
6s&7 - 1§
SOLUTION PROBLEM 19.14.
u
(a) By definition and the properties of the ideal transformer y;1 = ig = G; and
My, =0
I, U + " . o : .
Yoo = -2 = igz . Additionally, since the circuit is obviously reciprocal,
Voly-o @
1
[ U
Y12(= Y21 =vlg =3
2 U\/l:O a

(b) V,, reflected to the primary side, denoted by \71, is

Hence
= 2GK/a
s2 + 4
To compute | ,, we reflect the parallel of G; and G, to the secondary of the ideal transformer.

Hence the impedance in parallel with V5, denoted Z, is

Therefore,
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I, U _1u 1
yn=gu =74 =gS
1WZ:0 n WQZO
where
Zin —6+12//Ee— (320//80) =9 W

Similarly, by definition

y b0 _ 10 _ S
2= U = u =200
where

Zot =80+ 320/ [16° (6//12))= 420 w

SOLUTION PROBLEM 19.16. Write nodal equations:

€2s+2 -2sUéVq U

u
-S 2U

| 5s l?@/sH

S+2
-S

_1‘

D> (D> (D>
1
N
n

Using the matrix partitioning method, we obtain the 2-port y parameters
éiu a&s+2
6 _U=¢é
dat & -1

_él2s+2 -04s- 1eViu ey11 Y12 OEV1 U
TE04s-1 085+2ue\/2u &y21 Y22ueu?\/2u

-10 1é2s
s+2u 5Se sg

© R. A. DeCarlo, P. M. Lin
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SOLUTION PROBLEM 19.17. (a) Theideal transformer yields the constraints

I1=-aI2 and V2:aV1

The three resistors have nodal equations

Substituting the first two equations into the last one, we obtain

A —_

é1u SZa2 ~aldvit éyr1 Y1 UEVAU
gzu g-a ZE'szH %’21 Y22u'ek€\/23

(b) ,
_ Yio¥o1 _ 52 & _ 2
Y, = - —=—=f£-== =23 - —=1.75a" S
n yll YZ2+Y|_ 4
1 4
L= — = — N
ZH"I Yin 7a2
and
G /= \%. = Y21 _— a

Vi Ya2tYu 4

SOLUTION PROBLEM 19.18. Thisproblem issolved in MATLAB.

Part (a)
»% Parameter specification

»Ys=1e3;YL = 1e-3;
»yll=4e-3; y12 = -0.1e-3;
»y21 =50e-3; y22 = 1e-3;

»% Calculation of input admittance and impedance

»Yin=y1l - y12*y21/(y22 + YL)
Yin= 6.5000e-03

»Zin=1/Yin

Zin= 1.5385e+02

»% Calculation of output admittance
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»Yout =y22 - y12*y21/(y1ll1 + YS)
Yout = 2.0000e-03

Part (b)

»% Calculation of voltage gain

»Gv = (YS(Ys+Yin)*(-y21l/(y22 + YL))
Gv = -3.3333e+00

Part (c)

»V2=Gv*10

V2= -3.3333e+01

Therefore, v,(t)=-33.333u(t) V. Findly,

»PL =V272/1€e3
PL= 1.1111e+00

SOLUTION PROBLEM 19.19.

@ Yi=_Zin = Zin -05p Z,=10 Wor 01S
Vs Zin + Zs Zin + 10
Now
Yin = . YY1 _ - 0.02" 2 =0.1
Ty eyl MM 02+01

Solving fory, , yields y;1 =0.2333 S.

b V2= Y - -2 - _gg67
Vi yn+Y, 02 +0.1
Hence
) Vo(t) = - 6.667 vy(t) = - 3.333 v(t) =- 33.33 u(t) V
an

_V5_33332_

SOLUTION PROBLEM 19.20.
(&) Writing anode equation at port 1 and mesh equation at port 2, we obtain by inspection

1=2V1+3l>
Vo=2V1+ 2,

Rearranging in matrix form , we have
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ol

|
1
N
R O
|
1
< <
Moo

Therefore
2 2l
B 1 05 Vs Yo Y22 1]y,
o) Yoo =y VYA - g4 151 ¢
B Yin =y L 05+0.25

(c) Herewe compute Y, seen looking into port-2, i.e.,

Yoy =y Y2 —g54 191 _ 4
out Y22 ™ +Ys 1+0
From current division,
()= You i) = — -1 5yt)=6.667u(t) A

YourtYL -1+0.25
Finally from Ohm's law
vi(t) =- 0.57 3iy(t) =-0.5" 3" 6.667u(t) = - 10u(t) v

REMARK: Because the current source sees a negative resistance, the circuit is unstable as it
stands.

SOLUTION PROBLEM 19.21. (a) With port 2 shorted, the Laplace transform of the given data
are;

1 1 1 4 -1
(9= V(9= s+ Serd) l2(9= 3
Hence
1 Ys s+4
Y11-V1- 4 "4
Ss+4)
and
_lp _-Y(s+3) _-gs+4)
VAT T a4 Tis+9
Is+4)

Next, with port-2 terminated in a 1-Wreistor, the Laplace transform of the given data are:
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ZL:YL =1

V1(S):l- 1 4 1 _— 5s+16
S st (st4)?  g(s+4)°

Now

Voo Ly, = YoV

I2
Z, Yoo +Y

Solving fory,,, and usingy,, expression found earlier, we obtain

Y22 =YyaVill2- Y= "S(S*4)- 5s+16-5+7 . .1
4(s+3) gs+4)?> -1
- S +23s+64
4(s+ 3)(st+ 4)

Finally, to computey, ., we use the defining equation for y-parameters, i.e.,

. . 1 =y1uV1 +y12Vo
from which we obtain
1_s+4- 55+16
_limyuVi_® 4 gs+4)? | -(s+7)
Vo 1 4(s+4)
s+7

Y12

(b) Given YL =1S, the input admittanceis

-(s+7) --(s+4)
yisysr _s+4_4(s+4) 4s+3) _ (s+4)°

Yin=Yy1-
y2 +Y 4 P +23s+64 41 5(s+3.2)
4(s+ 3)(st+ 4)

and
7 = 1 = 5(s+3.2)
n - -

Yin  (s+4)?
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(c) For this part, we use phasorsto do the sinusoidal steady state analysis: w=10rad/sand |1 =
1. Also,

Vi -z =5010+32) _ 4197304072

1 (110 + 4)?
and
-j10(j10 + 4)
Vo = ya - A0+3)  _ 555734 jo.1787
V1 Y22 +Y -100 + 230j + 64 +1
44 + 3)(j+ 4)
Thus

\I/z :\\52'\{1 = (-0.2873+ j0.1787)(0.1973 - j0.4072)
1 1 1

from which we obtain in Ohms,

% = -0.2873+ j0.1787| [0.1973 - j0.4072| = 0.8192
1

SOLUTION PROBLEM 19.22. Looking into port-1, the admittanceis:

Y S) = _ YY1 — g 4 22 _ 40
pot (9) = Y1 Yoo +Y 0 +0.1s S
and
Zportl(s) = 47%
Therefore
Zin(9) — 1000 + s = &+ 2007
S 40 40s
Hence
. 4710% 0?4 10%- 0?
Zin(jm) = 200 ] 200

Theimaginary part is zero when o = 200 rad/s. Hence, the resonant frequency is 200 rad/s.

SOLUTION PROBLEM 19.23. (a) By writing nodal equations for the boxed 2-port, we have by
inspection (note passive circuit in which y,; =yy5):
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{ |1] _[ 3s+2 -2s5-2 Vl]_{ Y11 Y12 }{Vl]

252 3s+3 Vo [ Y2 Y2 v,
(b) InOhms, Z|_ =st+1; Zg=2. Therefore,

I2

2
Czygg- YA - 30 (2s+2) _2@+3s+1 —o9g41
Yoo +Y 3s+3+ s+1 s+1
and
Vo - Ya _ 2s+2 -5
Vi Ya2tYL 3s+3+s+1
Thus,
Vo _Vi-Vo_ 1 5= 1 - 1
Vs Vs Vi 4s+3 8%+ 14s+6 8st+6

(c) Theimpulsereponseis

1 0_

1
0 =L {Hs) =L grgy=t

_>__

% 0.125¢ > "®ty(1)
For the step response,

nHEU_,-11 0125 §_1

— -0.75
Vz(t) L l—t\g—L |d$+—075)% 6(1 e t)u(t)V

(d) We must compute the complete Laplace transform and invert. Here

V) =12.75" 2

f+4
and
V() =H(9Va(s) = 0125 " 10757 2 = 3.1875
s+ 0.75 £+4 (s+0.75) ($2+4)

We use MATLAB to compute the partial fraction expansion

n=3.1875;
d=conv([10.75],[ 1 04]);
[r p k] =residue (n,d)

-O 3493 - 0.1310i
-0.3493 + 0.1310i
0.6986

p =
-0.0000 + 2.0000i
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-0.0000 - 2.0000i
-0.7500

Hence, after combining the two complex terms, we obtain

Vo(s)= 06986 , - 0.69865+0.524
s+0.75 Q+4

From Table 13.1, the steady state responseis

Vo.s(t) = [-0.6986c0s(2t) + 0.262sin(2t)]u(t) V
and the transient responseis

VZtran(t) = 069866_075tU(t) \Y

SOLUTION PROBLEM 19.24. (a) Using the y-parameters of stage 2,

y12y21 — g4 0-1 75000 _

Y1ya1 501.8 uS
Yoo +Y L 185 +4000

Ying =Y11-

The load for stage 1 isthe parallel combination of Z;,, and the 2 kWresistor. Hence, using the y-
parameters of stage 1, we obtain

0.5" 24" 10

Yig =yu- Y221 = 2000 + =2108.9 S
L YT Y, 100 +501.8 + 500 :
(b) We compute the following voltage gains:
Vio Zim - 1 _ 1 = 0.9499
Vs Zim +Zs 1+ZsYim 1+ 25 2108.9" 10°
a8/,0 _ - Yo _ -0.24 _
6V = =y = —— =-217.8
19gager Y22 T L stager  (100+500+501.8)" 10
and
88/20 _ - Y21 _ -0.075 17.92

8VIB . 0 Y22 *Yisage (185+4000) 1070
Finally Gy isthe product of the three gains calculated above

Gy =0.9499" (- 217.8) ~ (-17.92) = 3708.2
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SOLUTION PROBLEM 19.25. (a) Withthe switchin position A, the load to the 2-portis Y| =
Cs=0.25s. Hence,

Vo_ Y __ -Ya

Vi ¥+ Y2 +0.25s

(b) From the given data, V4(s) = —2/s and hence,

_ Y . -Ys ,-2_ 8 _-2 1 1
Vo(9 = — V(9= —————— — = LT S
2(8) y2o +0.25s 1(8) -1/s+025s s qSZ- 4) S s+2 s-2

Hence, for t 3 0O,
Vo(t) = (-2 + eZ+e2)u(t) Vv

(c) Thecircuit isnot stablein thetime interval 0to 1 s, because the transfer function has a pole
in the right half plane.

(d) vo(1)=-2+ e2+e2=5524 v

(e) Replace the charged capacitor by the parallel combination of an admittance of 0.25sand a
current source of value 0.25" 8.524 (in accordance with figure 14.16

(f) Zy(s)=b2" 1=4W.

(g) For t 3 1s, the capacitor is discharging through a 4-W equivalent resistance, with atime

constant 0.25" 4 =1s, and an initial voltage V(1) =5542V.
Hence

vo(t) = 5.524e” Dyt - v
and by the ideal transformer voltage ratio property,

va(t) =2.762¢" Dyt - v

SOLUTION PROBLEM 19.26. (a) By definition of coupled inductors

10_éas Msielhu
U= e u
&0 &Vs Lyste o0

Hence, the z-parameters are:
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d1S Msy

&Ms  Losf

(b) By definition of coupled inductors

u_elis - Mstelqu
&0 &Ms Lpsidal
Hence, the y-parameters are:
éLs - Msy
% Ms LZSH

The z-parameters exist independent of the valuesof M, L, and L.

SOLUTION PROBLEM 19.27. (a) By definition and the properties of the ideal transformer

Vll] V2U 2 - . L .
1= l—g =R +Ry and z» = I—g =a Ry. Additionally, since the circuit is obviously
1“2:0 2 l*]_:O
. V, U
reciprocal, z1(= z35)= |—2 g =aR.

1 L#2:0

(b) Theinput impedanceis given by the formula

_ Z07p1 _ a’Ry  _ 1
=7 - —E =R +R,- =R+ R
4n = 211 Zpp+Z R a’R, + Ry R a’+1 2
(c) If port-1isopen circuited, I, =0. Hence,
2aKR, 2a’KR,

V1:212|2252+4 and Vo =2p)lp= 214

SOLUTION PROBLEM 19.28. (a) For this part consider the figure below:
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I
2
: oo * -
oo )
-q-l 320 2 :
* - 1
[ -3 - -=-==-===

‘ EI-"I | Zzec

With port 2 open, it follows that Z,, = 320/16 = 20 Wand

MU, 20712

211_'_135:0 20 +12

=135 W

With port 1 open and |, injected into port 2, we have Zg. = 12*16 = 192 Wand

_\Mu Vpr U

- Ve U - 15,(320//192)u
R T 2 41 )‘3 = 0w
2U|1:0 2 U|1:0 2 u|1:O 2 ulzo
With port 2 open and | injected into port 1, we have Z, = 20 Wand
b U Vg U -4V U -411(12//20)u
221:_2[;l :;mg = prg :—1( )g =-30W
I1 U|2:0 I1 u2:0 I1 U|2:0 I1 U|2:0

With port 1 open, it follows that Z. = 12* 16 = 192 Wand

U ,
Zzzzﬁu :80+M =200 W
20,-0  320+1%2
-300 2000
(b) V() =73la(9) = 214 and V() = zpolo(s) = 5—.

s +4
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SOLUTION PROBLEM 19.29. (a) Writing two mesh equations we have by inspection,

iU e tZ3 Zz il €z zoudqd
U= € e u-e UG U
8ot &a+tm Zo+ZafBol &1 Zooid 20

K(z +23) K(Z3+ 1)
s

(b) Vi=274l1= S

and V2 = 221|1 =

SOLUTION PROBLEM 19.30. From the result of problem 29,

61+tZ23 Z3 U _€n; ZU
g=é g
Za+tm Zoa+Zall &1 Z220
Therefore, 23: 42, Zl: 41 - 23= 1 - 42, 22: Zoo - Zg= Zyo - 19, and

'm=2p1- £3= 221~ 7.

SOLUTION PROBLEM 19.31. (@) The z-parameters can be computed by inspection (first write
the z-parameters of the passive part of the network, i.e., with the dependent source ignored; then
add the effect of the dependent source to the resulting equations.) As such, using loop equations,

10 100
. %”—S 10+—0 10605s+1 s+1j
=¢ 6= e G
é 1_0 10+l_og Se 1 S+1U
e S Su
10.10
) 2. =550 s SO 55410 10(s+1) _ (Bs+10)(2s+1)- 10(s+1)
n~ s aéO(S+1)+1O('j_ s s(2s+1) 2s(s+0.5)
e S 4]

_ 5s°+75s_ 5s+75
~ gs+05)  s+05

Vi() _10. s+05 _06667 13334 .
Z,(9 s 5s+75 s  s+l15°

(€ h(9=
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: & 4 .1506
i1(t) = &3 + §e gu(t) A

SOLUTION PROBLEM 19.32. (a) To find the resonant frequency we first find

. _ ) 42291 _ ) 41211 _ 10211 _ 10 _ 10 _ 10s
Gl = T 010 410 1210 Peos D
2»t L 11 4, 1+—= 145 +25 S +s+25
a1 s

Thisis of the form of equation 17.18 with K = 10. Here according to equation 17.19f,
Wy =wp =25 =5 rad/s

(b) Tofind Q we use equation 17.19¢, i.e.,
w 5
- — P _2_
= =L == =5
Q= 2s, 1

(c) Using MATLAB we obtain the frequency response plots below:
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10 T T T T T T T T T

Magnitude of Zin W

TextEnd

0 ! ! ! ! ! ! ! ! !
0 2 4 6 8 10 12 14 16 18 20

Frequency in rad/s
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100 T T T T T T T T T

Phase of Zin degrees

-100 ! ! ! ! ! ! ! ! !
0 2 4 6 8 10 12 14 16 18 20

Frequency in rad/s

_é2 -3 _
%3 4 H W. Assuming that Z;, does

z
SOLUTION PROBLEM 19.33. (&) Since Z = % &L 212
21 222

C)C~ <

not include Z, it follows that

_ 921 _ ., 90 _
=z~ =24 =575 W
Zm le 222+Z|_ 24 575

Assuming that Zout does not include the parallel connection of Z, then

_ 2921 _ ,, 90 _
Loyt = 292 - =4+—=34W
ut 22 le+ZS 3

(b) From equation 19.27

x ZL O 221 0

G\/ GV2GV1 5222+Z|_z82n +Zsé
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Thusin MATLAB

»Gv = (20/(4 + 20))*(30/(5.75+1))
Gv = 3.7037e+00

»% Therefore

»2 =Gv*30

v2= 1.1111e+02

Hence, v, (t) =111.11u(t) V. The power absorbed by Z, istherefore (in watts):

»PZL =v2"2/20
PZL = 6.1728e+02

SOLUTION PROBLEM 19.34. (a) Before determining b, it is necessary to compute the
impedance seen at the secondary of the 2-port. Here,

352
A 2 TR a0 20 a2
ZOUt - 222 le + ZS 330 RO (XR) + aRO 330, RO o RO 320, RO

Thus b must be chosen so that the impedance reflected to the secondary of the transformer is 2
W, i.e,

2
ZR b b o

(b) First do asource transformation on the front end of the two port to obtain

2=

V(t) = aRgv/2 cos(2t) = 322 cos(21t) V
Therefore, Vg = 32 V. Also note that the impedance looking into the primary of the two port

IS
352
Zn=zy- 222 —gRy- — 20 _31015W
Zpp+ 2| 330.°Ry + 320.°Ry
Hence
Gy = GGy = - =0.5

8222 + ZLﬁgzm + Zsa_

Consider the following MATLAB calculations:
»a=2; RO=16;
»Zin = aR0-2*a*3 * RO"2/(65* &2 *R0)
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Zin= 3.1015e+01
»ZL =32*a*2* RO

ZL = 2048
»Zs=a*R0

Zs= 32

»z22 = 33*a*2* RO
722 = 2112
»z21 = 2*a*R0O
721= 64

»GV = (ZL/(z22+ZL))* (z21/(Zin+Zs))
Gv = 5.0000e-01

»V 1leff = 32;

»V 2eff = Gv*V 1eff
V2eff = 16

»b = 4* a* sgrt(RO)

b= 32

»V Loadeff=V 2eff/b
VLoadeff = 5.0000e-01
»Pmax = VL oadeff"2/2
Pmax = 1.2500e-01

Hence, max power transferred to the load is 125 mW.

SOLUTION PROBLEM 19.35. (@) Using the usual formula

Y0291 ) 1000° (- 1000) _

Z(S):le- mzo

Y es, the input to the 2-port looks like a0.01 H inductor.

© R. A. DeCarlo, P. M. Lin

(b) Under the given conditions, the circuit reducesto parallel RLC with R = 50 kW, L = 0.01

H, and C = 100 pF. Therefore, my, = Vi_c =10° rad/sand B, =

(c) For thiscircuit

1 __..5
I%qC_Z 10" rad/s.
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6
Vl(s) = —1 i’ Vl_ = gc i’ ﬂ = 10"s Vin
_1+_1 +Cs Ry 52+ 1 S+i R 52+2’ 106S+1012
Ls ReC  LC

For the impulse response, V;, = 1 and from MATLAB
»n=[1e60];d=[1 2e6 1el2);
»[r,p,K] = residue(n,d)
r=
1.0000e+06
-1.0000e+12
p =
-1000000
-1000000
k=
[l

Therefore, the impulse responseiis:

6
h(t)= (10° - 10"2)e " uy) v

é é
@ Y=€100 0¥ “Hoor o Y
6 11
_-yn _-0.001 , 10°s _ 10
e) Vy(9 = Vi(9) = =
(€ Va9 Yoo +YL 19 0+108s s?+2" 10%s+101% (s+10%)?
Hence

6
vo(t) = - 101te 1 tut) V.

SOLUTION PROBLEM 19.36.
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) 212221 ) 12075' 6375_
@ Zin2=271 =~ = 62.582 5510018 - 1.7778 kW

Because z,, for stage 1 is zero,

\Y Zin
(b) Gy=—== =0.96386. Let Z 1 = Zino //2 =0.94118 kW. Then
Vs~ Zig 75
_V2 211 -2 _ _Vout -4 - Zn
Gp=—=_t=0--"— -22.472. Findly G3= L - 0.45319.
2T\ T Ziat 2 Zin WBIN, TZ vz Zinp
Thus
GV = G\ﬂ_szGV?) =-9.816
SOLUTION PROBLEM 19.37. (&) By inspection via mesh standard equations
édys Msy
“TaMs Lost
(b) Utilizing the properties of an ideal transformer,
VA V, U K?L, 5
41 = |—l’:‘l = LJ_S Zyy = | L_ L18+ (1— k )L28: L2$
1 q 2:0 q 1—0 1

v1 kyLo
Lis=k,/LiLos= Ms
4o = |2u| 0 7'-_1_1 vl

Finally,

V u k L2
ZZl—_LJ = Lys= k,/Lles: Ms
h 14,=0 3'-1

(c) Utilizing the properties of an ideal transformer,
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N N 2
Vou Vi u k“L 2
222:|_2Q :Lzs 1= Ilu _L—]'L2$+(l- k )L]_S: LlS
2U11:0 1"42 0 2

Vi u KLy
42=7"0 =TL25= k,/Llesz Ms
=0 L2

Finaly,

_Vou o _kyb _
1= |la2:O_TL2 L2$— k@s- Ms

(d) Forthiscircuitk =1 and theturnsratio a=

= 0.1. Under this condition the given

J10° 2
1

circuit reduces to a current source of value I = Vi, /5000 driving aparallel RLC with R =

5000 W, L = L, =0.01 H, the capacitance reflected to the primary of value C = 108 F.

Therefore

Om = 7——10 rad/sandBm—Req =2 10* rad’s.

Finally, at w = wm, the circuit is resonant and Vin appears across the primary of the transformer.

Vout

= 10.
Vin

max

Thisvoltage is then stepped up by afactor of 10. Therefore

SOLUTION PROBLEM 19.38. (a) By inspection

&0 &1 1réliu éhy hpotélp

A ’:e A =
G20 &1 Yoivod &v1 hootaVod

(b) By inspection

Vi=Vo-Zlo P Vj+Z4i15 =V,
and

l1=YoVi- 1o P YVi-1r=1
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In matrix form,
hu_€0 lghu - S4u_61 ZU7E0 18l
=@ = é
820 & Opval Go0 &2 -1 & Ofvag
Thus

e1u 1 ezl 1oelid
Szu 7Y, 1§ 1 quevu

SOLUTION PROBLEM 19.39. (@) From problem 19.38b we have

él U
é/lfl 1 ezl 1ue|1u 1 €Cs 1uellu 1 e R RCsuellu
8,07 Zv, v18 1 v, B/,H ¢ 18,0 Resrif res cs Bl
20 4af2*iel 20820 — 41181 20 stlerLs LS {eval

RCS é Ru

(b) This part isa cascade of part (a) and an ideal transformer. Label the voltage and current at
the port 2 of N; as \72 and fz. From the properties of the ideal transformer, V, = n\72 and
I, = I,/n. Hence

&0 1 é R RCsiliu 5 eV1u 1 éR RCsgli 0
g0 " Rcs+1& Res  cs LY &, 0" Res+1& Res  Cs Bvy/nk

Therefore

&u 1 é R RCY gl ¢
9,07 Res+1§& Regn cf n2y,t

Cs R
—— 1 Q, then the z-parameters exist and if hj; = —— 1 0,
n?(RCs+1) P 17 RCs+1

they-parametersexist, i.e., if Ct 0and R O respectively.

From table 19.1, if hy, =



