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Engineering Circuit Analysis 8™ Edition Chapter Ten Solutions

1. (a) -0.7822; -0.544;1.681|

(b) 4cos2t: 4; -1.665; -3.960|

4sin(27 +90°): 4; -1.665; -3.960)

(c) 3.2cos(61+15%): 3.091; 1.012; 2.429

3.2cos(6£+105°): 3.091; 1.012; 2.429
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(a)
55in 300¢ = |5 cos(300¢ —90°)

1.95sin (7t —92°) = [1.95 cos(rrt —182°)
2.7sin(50¢ +5°)—10cos 50¢

=2.7sin 507 cos 5°+ 2.7 cos 50t sin 5° —10 cos 50¢
=2.6897sin 50t —9.7647 cos 50¢ = |10.13cos(50t +15.4°)

(b)
66 cos(97 —10°) =66 sin(9 +80°)

4.15c0s10¢ = |4.15sin(10¢ +90°)

10cos (1007 —9°)+10sin (1007 +19°)
=11.0195sin100¢+13.1325¢c0s100¢
=17.14cos(100z —40°)

=(17.145in(100¢ + 50°)
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(a) vy leads 1; by
(b) v; leads by -45 + 80 =[35
(¢) vy leads by -45 + 40 =

(d) 5sin(10t — 19°) = 5cos(10t — 19°) therefore v; leads by -45 + 109 =
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v, =34cos(10f +125°)

(a) i, = Scos 106, lags i, by [-235°|(~360°+125°)

(b) i, = 5cos (10 —80°);v, lags i, by [~155°](~235°+80°)
(c) i, = 5cos (101 —40°);v, lags i, by [-195°](~235°+ 40°)
(d) i, = 5cos (101 +40°);v, lags i, by [-275°](~235°-40°)

(e) i, = 5sin (10 —19°)=5cos(10: —109°);, lags i, by [~126°|(~235°+109°)
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(a) [cos4t leads sin4t]
(b) the first is

(c) the second is
(d) the second is

(¢) Neither term lags|

sindt lags cos4
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(a) cos3t—7sin3t=0
7.07 cos(3t+1.4289)=0

3t+1.4289=1.5708
3t=0.1419

t=10.0473 5|

Also, 3t=0.1419+ 7

t=[1.0945 5|

and, 3tr=0.1419+2x
t=12.1417 s
(b) cos(lOt +45°) =0
10¢+0.7854 =1.5708
10t =0.7854 =t =|0.0785 s
Also, 10t =0.7854+7 =t =|0.3927 s
and, 10 =0.7854+ 27 = ¢t =[0.7069 s
(c) cos5t—sin5t =0
5t+0.7854 =1.5708

5t=0.7854 =t =|0.1571s

Also, 5t =0.7854+ 7 = t=|0.7854 s

and, 5t =0.7854+27 =t =|1.4137 s

(d) cos?2t+sin2t—cos5t+sin5t =0

1.4142 cos(1.5¢—0.7854) = 0
1.5t—0.7854 =1.5708

1.5t =2.3562 =t =1.5708 s
Also, 1.5t =2.3562+ 7 =t =|3.6652 s
and, 1.5t =2.3562 + 27w =t =|5.7596 s
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(@  t=0;t=550 ms; t=[0; t=[126 ms
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8. (a) v(t)=2t;0<t<0.5s

- 1(0.255) =

(b) Using the first term of the Fourier series only,
v(t) = iz sin 7zt
/4
v(0.25s) = %sin 45°=10.5732 V
V4

(c) Using the first three terms of the Fourier series,

. 8 .
7 2sm3m‘+52—zsm57n
T

T
v(0.255) =[0.4866 V
(d)
CERTIE Sty

iEi!e Edit View Insert Tools Desktop Window Help

Dedag MM € 08 =0

8 .
v(t)=—sinzt -
V4

Plot of v(t)using first term of Fourier series

1

08}
06}
04}
02}

ol

0.2}

04}

06

t=linspace(-1,3);

v = 8/(pi"2)*sin(pi*t);
figure(1);

plot(t,v);

xlabel('t(s)")
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ylabel('v(t)V")
title('Plot of v(t)using first term of Fourier series','FontSize',11)
(e)

Wroe: T s

h File Edit View Insert Tools Desktop Window Help
D& hRAO® € 08 =0
Plot of v(t)using first two terms of Fourier series

t=linspace(-1,3);

v = 8/(p1"2)*(sin(pi*t)-1/(3"2)*sin(3*pi*t));

figure(2);

plot(t,v);

xlabel('t(s)")

ylabel('v(t)V")

title('Plot of v(t)using first two terms of Fourier series','FontSize',11)

®

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



@

Engineering Circuit Analysis 8" Edition Chapter Ten Solutions

File Edit View Insert Tools Desktop Window Help [
IR IEEEIE
‘ Plot of v(t)using first three terms of Fourier series

1

0.8
0.6
0.4
0.2
0
0.2
04

-0.6

vtV

t=linspace(-1,3);

v = 8/(pi"2)*(sin(pi*t)-1/(3"2)*sin(3*pi*t)+ 1/(5"2)*sin(5*pi*t));
figure(3);

plot(t,v);

xlabel('t(s)")

ylabel('v(t)V")

title('Plot of v(t)using first three terms of Fourier series','FontSize',11)
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®  Vims Vi
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In this problem, when we apply Thevenin’s theorem with the inductor as the load, we get,

v —y =(4.53cos(0.333x10-3t+30°))i=0.4118cos(0.333x10-3t+30°)V
1+10 11
D010 4909 0
1+10 11

Now for a series RL circuit with L =3mH,R, =0.909Q2 and a source voltage of

0.4118cos(0.333x107°1+30°) V, we get,

i,(t) —Lcos(a)t—tan_la)—L+30°j

R+’ R

= 04118 - cos[O.333x103t—tan
\/(0.909)2 +(0.333x107 x3x10™)

1(0.333x107° x3x107)
0.909

+30°

=0.453 cos(0.333x10-3z+30°)A
o0, (t=0)=0.453c0s(30°) =

Now,
v, (t) = L% =-3x10"x0.333x10~ x0.453sin(0.333x10° + 30°)

=0.4526c0s(0.333x10°¢ +120°) pV
v, (t=0)=-0.2262 uV

. v, (t=0
zR(t:O)z%: -0.2262 pA
i(t=0)=i,+i, =[392.3 mA

(b) |v, (1) =0.4526c0s(0.333x107°1 +120°) pV

Pspice Verification:

This has been verified using the phasor in Pspice.
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AC =
MAG 2 ye
ipRINT THASE = yes
=
—Afy
10
A 1
ACMAG = 452V
ACPHASE =30 G‘) L L
% R2 am
1
2
liz
) s
IPRINT
IPRINT
AC ﬁ;;yts
_l_ MAGE:;S PHMEE{f;B
:0 PHASE = yes
FREQ IM(V_PRINT1)IP(V_PRINT1)

5.300E-DS 4 .530E-01 3.000E+D1

|
exxx (06-14-12 15:54:20 =xxxxxx PSpice Lite (April 2011) exxxxx IDF 10813 sexx

*% Profile: "SCHEMATICl-problO_10" [ C:~ORCAD~ORCAD 16.5_LITE“examples:probl0_1

W R AC ANALYSIS TEMPERATURE = 27 .000 DEG C

FREQ IM(V_PRINTZ2)IP(V_PRINT2)

5.300E-DS 4 .526E-07 1.200E+D2
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11.  [8.84cos(100t—0.785) Al
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In this problem, when we apply Thevenin’s theorem with the inductor as the load, we get,

l(1+2)

1
v =25¢c0s100¢ x
o (1+2)

R, =(1+1)Q2Q=10

x2=12.5¢c0s100t V

Now for a series RL circuit with L =10mH,R, =1Q and a source voltage of

12.5c0s100¢ V, we get,

i, (¢) —Lcos(aﬂ—tan1 a)_Lj

R e’ R

= 12.5 - cos[lOOttan1
\/12 +(100x10x10°7)

= 8.84cos (1007 —45°) A

(100><10><103)J
1

Now,

di,
dt

= 8.84cos(100t + 45°) A%

Voltage across the 2Q resistor is equal to v, (¢).

v, (@)=L :—8.84><10><10_3xlOOsin(lOOt—45°)

Power dissipated in 2Q2 resistor is given by,
2 2
po(t) = % = % —[39.07cos? (100¢ +45°) W

Pspice Verification:

This has been verified using the phasor in Pspice.
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Engineering Circuit Analysis 8" Edition
R1
Ay
1 s 5
™ 11 L1 R3 =
@ 0Adc é R2 é 10m % 2 AC:m
- 4
2 PHASE = yes
=0
FREQ YM(N0O0183,0)VP(NOD183,0)
1.592E+01 8.839E+00 4 SO00E+01
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13.  [1.92cos(40t — 0.876) V|
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Let ‘1’ be the current flowing in the circuit in the clockwise direction. Then, on applying
KVL, we get,

15i +v. =3cos40¢t

o d .
Substituting, i =i, = C% on the above KVL equation, we get,

30><10-3%C+vc = 3cos 40¢

Let us choose to express the response as,
ve(t) = Acos (401 +0)

dve

=—404sin (407 +0)
dt

On rewriting the KVL equation, we get,
—1.245sin (40t +6)+ Acos (40t +0) = 3 cos 40t

A +(-1 .2A)2 cos((40t +0)+tan”' (%)] =3cos 40t

On equating the terms, we get,
A=192

0 =—tan" (1.2) =-50.19°

SV (t) =1.92cos(40f -50.19°) V

Energy stored in a capacitor is given by,

W = %Cvc2 (1)

At t=10 ms,
W (10ms) =%><2><1o-3 x1.71* =(2.92 mJ
At t=40 ms,

w,.(40ms) :%x2x103 x1.45% =[2.1 mJ]

Pspice Verification:

Phasor method is used to verify the solution.
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R1
4‘@’ j AC = yes
MAG = yes
V1
v ,9 = G
0Vde 2m

FHASE = yes

=
r

FREQ VYM(NOD132,0)VP(NOD132.0)

6.366E+00 1.921E+00 -5.01%9E+01
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15.  [7.02cos(6t — 0.359) Al
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(a) 50£—-75°=50cos(—75°) + j50sin(-75°) = |12.94 - j48.29

(b)

19¢7" =19¢0s(30°) + j19sin(30°) =[16.45+ 9.5

2.5/-30°+0.5/45°=2.5¢c08(=30°) + j2.5sin(—=30°) +0.5cos(45°) + j0.5sin(45°)
=[2.52—-;0.89
(©) (2+,/2)(2-,2)=8=

(d) (2+j2)(5422°) =(2.82.£45°)(5.£22°) =
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(a)
(b)

(0)

(d)
(e)

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



18.

Engineering Circuit Analysis 8™ Edition Chapter Ten Solutions

(a) 4(8~j8)=
(b) 4/5°-2/15°=(3.98+ j0.35)—(1.93+ j0.52) = 2.05— j0.17 =[2.05£ —4.74°|
(c) (2+9)~520°= -3+ j9=[9.5/108.44%

(d) —L—-3240°+2=—L__(2.3+j1.93)+2 =034 j2.01=[2.03./260.4°

10+ ;5 10+ ;5

(e) (10+/5)(10— j5)(3£40°)+2 =225.240°+2 =174.36 + j144.63 = |226.54.£39.68°|
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(a)
(b)
(c)
(d)
(o)
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(a) 2473 4 2+J3_4=_3,6—j0_2= 3.6/183.18°

1+48290° 1+ 8

10£25°  3/15°
(b) | 5£-10° 3-5
=14.32/111.46°|
1— )1+ j)+1.20° ;
(=704 1)+ (3£-90°)+—7L
() —j 5/ —45°

=9/0°+0.2£135°=8.86+j0.14 =|8.86.£0.91°

jj2 = (2435o +0.522 —44.04°)(2L90°) =-1.58+;4.02
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21.  [88.7sin(20t — 27.5°) mA|;

2.31sin(20t + 62.5°) V|

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.
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Let 7, in the complex form bei, = RN
Given, i, = 5sin(35t—10°) = 5¢/C51) A

v, = & — 0_4i(Aej(35z+6°)) _ j14Aej(35z+9°)
dt dt
ve =i, R =640

Vg =V = v, v, = A6+ j14)e’ 57

dv, d re o
i.=C—=5=0.01—( A6+ j14)e’P"?) ) = A(-4.9+ j2.1) /")
< a dt( (6+19) ) ( j2.)
Applying KCL, we get,

i =i.+1,

Sej(sst—loo") -4 43Aej(35z+0°+151.69°)
= A4=1.129 and € =-251.69°=108.31°
cdy = 1.129¢7051%90) =11 129 cos(35¢ +108.31°) A

Pspice Verification:

IPRINT A = yes
= MAG = yes

R1 ==} PHASE =yes
My

& :
é L1
I — 1 0.4

@ QAdc 0.01
SAac
2
=0
FREQ IM(V_PRINT1)IP(V_PRINT1)

5.S570E+00 1.129E+00 1.083E+02
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[(625) +(1.250) ] cos(a)t +31.3 + tan"! 1622—55”) mA
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24, This problem can be easily solved by performing a source transformation which results in
a circuit with voltage source, resistance and inductance.

The steady-state expression for i, () can be found as:

i (t)—Lcos ot —tan™' (a)_Lj

R+l R

= 10 cos(lOt—tanl(l()XOAD
V22 +10° x 0.4 2

=|2.24cos(10¢ - 63.44°) A
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(a)

(b)

(©)

(d)

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



26.

Engineering Circuit Analysis 8™ Edition Chapter Ten Solutions

(a) 11sin100¢ =11cos(100z —90°) =

(b) 11cos 100z =[11£0°]

(c) 11cos(100¢ —90°) = [11.£—90°]

(d) 3c0s100z —3sin100¢ =3.£0°—3/-90° =3+ j3 =[4.24./45°]
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27. () 9cos(2nx10’t + 65°) V]

(b) 500cos(2nx10°t + 6°) mA|

(c) |14.7cos(2nx10’t + 4°) V|
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2-j _224£-2656°
5./45° 5./45°

6.£20°
1000

(a) =10.45/-71.56° V|

(b) —j V=0.00564— j1=|1£-89.67° V|

(c) (/)(52.5£-90°)V =|52.5£0° V
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29.  (a)
(b)
(©)
(d)
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(a) v(t) =9cos(100zt+65°) V
Att=10 ms: v(t) =9 cos245° =
Att=25ms: v(t)=9cos515°=|-8.16 V
(b)v(t) =2cos(1007t +31°)V
Att=10ms: v(t) =2cos211°=|-1.71V
Att=25ms: v(t)=2cos481°=|-1.03 V

(c) v(t) =22cos(100zt +14°)—8cos(1007¢ +33°) V

Att=10ms: v(#) =22c0s194°—-8cos213°=|-14.64 V
Att=25ms: v(t) =22c0s464°-8co0s483°=|-0.97 V
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3. @R<o°

(b) 400 Z -90° mV/

(©
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(a) Phasor current through the resistor:
Using ohm’s law, we get:

V,=IR
uV?

(b) At =1 rad/s, the voltage across the capacitor-inductor combination is 0 as their

equivalent impedance is 0.

Zeq:—j+j:0

I ey

VC—L

(c) At ® =2 rad/s,
Z,=-Jj05+,2=15
V., = (1430°)(1.5490°) =1.5£120°V

-L
Ve _ 1230 =10.67£-90°
C-L

1.5/120°
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(2)
(b)31.8£-90° uV|
©
(d)
©)

63} ]20 mV; 0;0; 20 mV; 21.9 mV‘
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34. (a) Given:
l,, =2£42° mA
V =40/132° mV
o =1000rad/s
7_ l 40132

=222 2 20490° Q
I, 2442°

The phase angle of 90degrees shows that it is an
(b) ®=1000 rad/s
Z, =joL=j20Q

= L=[20mH]
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100 £ 35°

>

35 (a)R2.5 Q) (b)[50£35°
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36. (a) The equivalent impedance of a 1Q resistor in series with a 10mH inductor as a

function of ® is given by,

Z,=R+joL=|1+jw0.01 Q
(b)
IF‘"JMI—LE’—u

Elle Edit View Insert Tools Desktop Window Help

eWH&ES K RAN® €|0E =80

1200

E
=
S

@
-]

=
=

c

=3

]
=

@

o

c

]
-

@

[=%
E

= logspace(1,5,100);
Z = 1+i*w*0.01;
mag = abs(Z);
semilogx(w, mag);
xlabel('w(rad/s)");
ylabel('Impedance Magnitude (ohm)');
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P

File Edit View Insert Tools Desktop Window Help

Dz@a r @@ ¥ 0B =0

90

S

3

o
o

=
o

w
o
T

w
@
®
=
@

T

e,
=1

3
@
o
=
[

o
@
o

E

8

w = logspace(1,5,100);

Z = 1+1*w*0.01;

theta = angle(Z);

theta degrees = angledim(theta,'radians','degrees');
semilogx(w, theta_degrees);

xlabel('w(rad/s)");

ylabel('Impedance Angle (degrees)');
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37.  (a)[1001£-2.9°Q)
(b)
(©)
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38. (a) The equivalent impedance of a 1Q resistor in series with a 10mF capacitor as a

function of ® is given by,

Jj 1_]100 o)

i File Edit View Insert Tools Desktop Window Help

D& h RAN® W 0E 80

1

_—
E
L
I
@
=
=
=
=
o
Ly}
=
@
o
[ =
o
=4
@
o
E

w = logspace(1,5,100);

Z = 1-i*100*w."-1;

mag = abs(Z);

semilogx(w, mag);

xlabel('w(rad/s)");

ylabel('Impedance Magnitude (ohm)');
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| Eile Edit View Insert Tools Desktop Window Help

Ded& k| RQANY (€ 0HE =0

w
@
b
o
=)
o

=

=

g
@
o
=
@

o
@
o

E

w = logspace(1,5,100);

Z = 1-1*100*w."-1;

theta = angle(Z);

theta degrees = angledim(theta,'radians','degrees');
semilogx(w, theta_degrees);

xlabel('w(rad/s)");

ylabel('Impedance Angle (degrees)');
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(2) 31.2Z-38.7° mS|

(b)64.0£-51.3° mS
(©)
(d)

(e)[1000£89.9° §
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40. Looking into the open terminals we see that the parallel combination of 20 mH and 55 Q
is in series with the series combination of 10 mF and 20€2 , this combination is in parallel
with 25 Q.
(a) o =1rad/s
Z, = joL=j0.02Q

J .
Z. . =——=—7100Q
c oC J

55x% j0.02

~ (55+ 70.02
“ " (55x j0.02
(55+ 70.02

+20—j100}<25

=22.66— j5.19=23.24/-12.9° Q|

+20—j100j+25

(b) w =10 rad/s
Z, =joL=j02Q
J ,
Z.=——=—-j10Q2
c oC J

33%J02 6 10 |x25
(554,02

“ " (55% j0.2
55+ j0.2

=11.74— j2.88 =[12.08£—13.78° Q|

+20—j10J+25

(¢c) @ =100 rad/s

CwC

35372 50— j|x2s
(5542

« = a5y 12 =11.14— j0.30=11.14£-1.54° Q|
*J +20—j [+25
55+ 52
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41. 113£-53°Q
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(a) 3Q in series with 2mH
Z, =3+j4=5/53.13°Q
V =1Z=(3£-20°)(5£53.13°) =|15£-33.13° V|

(b) 3Q in series with 125uF
Z, =3-j4=54-53.13°Q
V =1Z=(3£-20°)(5£-53.13°) =|15£-73.13° V|

(c) 3Q, 2mH, and 125pF in series

Z, =3+ j4-j4=320°Q

V=IZ :(34—20")(3) =19£-20°V

(d) 3Q, 2mH and 125pF in series but w = 4 krad/s

Z, =3+ j8—j2=6.71£63.44°Q

V =1Z=(3£-20°)(6.71£63.44°) =|20.13£ —43.44° V|
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()30 —j0.154 Q
(b)23.5 +9.83 Q
(c)B0 +0.013 Q)

(d) 30 +j1.3x10° Q|

(e) 30 + 1.3x10° Q)
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One method is to use the current divider rule in order to calculate i(t). In the given circuit,
there are three parallel branches.
Z,= 2 . —11 ]
574+ (=/10) +(2+,2)
Z=(2+j2)Q2=2.83245°Q
z (4£-20°)(2.11£18.52°)

=1, ==

©Z 2.83./£45°
. i(f) =2.98cos(100¢ — 46.48°) A

=2+7j0.67=2.11£18.52°Q

=2.98/-46.48° A

PSpice Verification:
IPRINT
= R2
AC = yes 2 L
MAG = yes L1
R3 PHASE = yes 20m
-y I 5 = . C1
C’\D QAdc o im
4Aac 2
o
FREQ IM(V_PRINT1)IP(V_PRINT1)

1.592E+01 2.981E+00 -4 .656E+01
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45. (a) One possible solution: |A 1 Q resistor in series with 1 H and 10™ F\

(b) One possible solution: LA 6.894 Q resistor in series with 11.2 mH‘

(¢) One possible solution: LA 3 Q resistor in series with 2.5 mF\
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One out of many possible design solutions:

(a) At @w=10rad/s, the equivalent admittance is given as, Y =1 S. We can construct this

using a 1 S conductance (1Q resistor) in parallel with an inductor L and a capacitor C

such that oC _LL =0. Selecting L as 5H arbitrarily yields the value of a capacitor as
1)

2mF.

Thus, one design can be 1Q resistor in parallel with SH inductor and 2mF capacitor.

(b) At w =10rad/s, the equivalent admittance is given as,
Y =12/-18°S=11.4127 - j3.7082S. We can construct this using a 11.4127 S

conductance (87.6 m{2 resistor) in parallel with an inductor L such that

_LL =—;3.7082 S. This yields the value of the inductor as 26.9 mH.
@

Thus, one design can be 87.6 mQ resistor in parallel with 26.9 mH inductor.

(c) At w =10rad/s, the equivalent admittance is given as, Y =2+ j mS. We can

construct this using a 2 mS conductance (5002 resistor) in parallel with a capacitor C

such that jowC = j0.001 S. This yields the value of the capacitor as 0.1 mF.

Thus, one design can be 500 Q resistor in parallel with 0.1 mF capacitor.
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BOTH SOURCES ARE SUPPOSED TO OPERATE AT 100 rad/s. Then,
vi(t) = 2.56c0s(100t + 139.2°) V]; va(t) = 4.35c0s(100t + 138.3%) V.
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48. (a)
1.5 -4 wh —r)—
P
Vi Jin v,
— A N—
b
b /D,__ -J‘o-@
+

(b) In mesh 1, we have |, =2.520° mA .
In mesh 2, we have |, =1.524-42°mA.

In mesh 3, we have,
(IS—Il)ZC+(I3—I2)ZL+2I3 =0
Wz +1Z, 2.5x107° ><(—j0.4545)+(1.1147—]‘1.0037)><10‘3 X j
247,42, 2— j0.4545+ j

1.0042 —1.23°
T 2.07315.25°
S0, (1) =2.5c0s10t mA
~ (1) =1.5c0s(10f —42°) mA
2. 1,(1) =0.4843 cos(107 —16.48°) mA

|3

=0.48432-16.48° mA

Pspice Verification:

IPRINT

2
e ==’
IPRINT
- OAde AC = yes
— 1.5mAac MAG = yes
PHASE = yes
" L N
G-+ yeu 1 Amee 2
AG=yes 100m
PHASE = yes g AC = yes
MAG = yes
@ 1 PHASE = yes
Qade > o
25mAac 220m IPRINT
R1
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FREQ IM(V_PRINT1)IP(V_FRINT1)

1.592E+00 4. 843E-04 -1.649%E+01

exx 06716712 23:24:09 s*xxxxxx PSpice Lite (April 2011) sesexxxxx IDF 10813 xxxx
*% Profile: "SCHEMATICl-probl0O_48" [ C:\ORCADNORCAD_16.S5_LITE“examples\probl(

HHHN AC ANALVSIS TEMPERATURE =  27.000 DEG C

3636 M3 36 36 36 366 36U 3 I6 36 3 366 326 I 6 3 36 I6 3633 3 I IE I 36 I6I6I I3 I I6 36 36363 W I 6 I 3636 36 I3 I IE 3 363630 W33 I I6 36 3633

FREQ IM(V_PRINT2)IP(V_FRINTZ)

1.592E+00 2.500E-03 2.120E-11

*%% 0671612 23:24:09 xxxxxxx PSpice Lite (April 2011) xxxxxxx ID#F 10813 *xxx
** Profile: "SCHEMATICl-probl0_48" [ C:“ORCADNORCAD_16.5_LITE“examples“probl(

MR AC ANALYSIS TEMPERATURE = 27.000 DEG C

FREQ IM(V_PRINT3)IP(V_PRINT3)

1.592E+00 1.500E-03 -4.200E+01
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49.  |vi(t) = 928cos(10t — 86.1°) wV; [va(t) = 969cos(10t — 16.5°) uVl.
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In the circuit given by Fig. 10.60, we have,
V,—1,(30)=V, +55(1,-1,) and
V,—1,(/30)=V, +1,(—,20)

On simplification. we get,

I,(55+,30)—551, =-2.2635+ j9.848
,(,30)—1,(,20) =-0.1045+ j9.0665
Solving for I,and [,, we get,

I, =0.6247 + j0.3339 =0.71£28.12° A
I, =0.4838+ j0.4956 = |0.69.£45.69° A|
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51. 0.809 £ -4.8°
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52. Using phasor domain, in mesh 1, we get,
21, +j10(|1 — I2) =2.5/9°
= I1(2+j10)—Iz(jIO):2.4692+j0.3911 [1]

In mesh 2, we get,

J10(1,=1,)=0.31,+51, =0

= 1,(5- 10)+1,(j9.7) =0 2]
On solving eqns [1] and [2] we get,

I, =0.3421+ j0.0695=0.35211.48° A

1,=0.3169+ j0.2479 = 0.4£38.04°A

-0 (t)=0.35cos(10¢ +11.48°) A and
i,(1) = 0.4 cos(10¢ +38.04°) A

Pspice verification:

AC = yes AC = yes

IPRINT pac = yes IPRINT MAG = yes
[E] PHASE = yes [E] PHASE = yes
R1 — c —
A ] Al
2 : 330m
L1
Vi 1 1
2 s-v@ =
Ovde ’:_E: GAIN=5
2
)

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



Gy

Engineering Circuit Analysis 8" Edition Chapter Ten Solutions

FREQ IM{(V_PRINT1)IP(V_PRINT1)

1.592E+00 3.490E-01 1.150E+01

kxx 06-17-12 14:13:22 =xxxxxx PSpice Lit
k% Profile: "SCHEMATICl-probl0_52" [ C:

K32 % AC ANALYSIS

W6 36 IE I I IE I I I I I I I I I I I IEIE I I I I I I I I I I IE I I I A I I I I WA

FREQ IM(V_PRINT2)IP(V_PRINT2)

1.592E+00 4.024E-01 3.807E+01
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53, [.73£152° A
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54.  Using node voltage analysis in phasor domain, we get the nodal equations as,
V, -V V, -V
Il+&+( . 2)+( 1 2):0 [1]
j2 —j4 1+ 3.8
V, -V V, -V
2_& ( 1 2)+( 1 2):0 [2]
—j4 1+ /3.8
I, =15£0°=154

1, =25/131°=-16.4015+ j18.8677 4

On simplifying the equations [1] and [2], we get,

V, (0.0648— j0.4961)+V, (-0.0648 - j0.0039) = —15

V, (0.0648+ j0.0039)+V, (-0.5648 — j0.0039) = —16.4015+ /18.8677

V, =—29.5221+ j29.7363 =|41.9£134.8° V|

Matlab Verification:

>>syms vl v2;

eqnl = (15+v1/(2i)+(v1-v2)/(-41)+(v1-v2)/(1+3.81));

eqn2 = (-16.4015+18.8677i+(v1-v2)/(14+3.81)+(v1-v2)/(-41)-v2/2);
answer=solve(eqnl, eqn2, 'vl', 'v2");

digits(4);

V2 = vpa(answer.v2)

V2 =-29.52+29.74*i
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55.  [1.14cos(20t + 12°) V]

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 8" Edition Chapter Ten Solutions

Z *«-m@ .
'

Al
v QJM:I; 10

Using phasor domain, in mesh 1, we get,
20 +47(1 - 1,)+72(1,-1,)=4
= (6.7+j2)1,-4.71,— j21, =4 1]

S

k‘

In mesh 2, we get,
47(1,-1,)-0.05621,+2(1,-1,)=0

= —4.71,+(6.7-j0.0562)1,-21, =0 [2]
In mesh 3, we get,

J2(L,=1)+2(1,-1,)+1,=0

:>—j2|1—2l2+(3+j2)l3:O [3]
Here, I, = I5. On solving we get,

I =1,=1.1104+,0.2394=1.136£12.16° A

=1 (1) =1.136c0s(20¢+12.16°) A

Pspice Verification:
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R3 IPRINT
Vi
) o

FREQ IM{V_PRINT1)IP(V_PRINT1)

3.183E+00 1.136E+00 1.216E+01
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57.  [155cos(14t + 37°) Al;[82.2cos(14t = 101°) Al;
71.7cos(14t + 50°) Al.

42.0cos(14t = 155%) Al

M
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0-4u
-AW_
09w . Lol
Vi ..J(i 0241 Ve 0-6
e T W—

Using node voltage analysis in phasor domain, we get the nodal equations as,
Atnode A,
(Vl _VA) (VA _VB) (VA _VB) Vv

0.8 0.4 ~j0.02  jl4

At node B,

(Vz_VB)+(VA_VB)+(VA_VB)—VB =0 [2]
0.6 0.4 -j0.02 ;16

Given,

V, =0.009£0.5° = 0.009 + j0.000078 V
V, =0.004£1.5°=0.004 + j0.0001 V

On simplifying the nodal equations [1] and [2], we get,

V, (2+50)+V, (—4.1667 — j49.9375) = _0.0042 20.0001

and on solving, we get,
V, =0.00613+ ;0.00033 =0.00613.£3.09° V
V, =0.00612 + j0.00040 = 0.00613.£3.75°V

= v, =0.00613 cos(500f +3.09°) V and
vy =0.00613cos(500¢ +3.75°) V

Pspice Verification:
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R2
AC = yes “SV:'
MAG = yes : AC = yes
PHASE = 5 MAG = yes
—_— C=)  PHASE=yes
R1 C1 R3
Ahy I} Ay
0.8 1 100m 1 o8
Vi V2
0.009Vac L1 L2 0.004Vac
Ovde \9 % 28m % 32m 6’ o
2 2

o

FREQ VYM(N0O0227) VP(N00227)

7.957E+01 6.138E-03 3.122E+00
%% 0618712 09:52:20 =*xxxxx PSpice Li-
** Profile: "SCHEMATICl-probl0_58" [ C

XA AC ANALYSIS

P I I I I I I I I IE I I I W I Fe I I I I A I I I He W I I T HeFe I WA

FREQ VM{N00296) VP(NO0D296)

7.957E+01 6.136E-03 3.787E+00
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59. (a)
v, _ R,
V. p _J
R
A oC,
(b)
Vv, _ —oR,C
v, 1 . :
5 Z[a)RfCl +(R,C, - j) |+ (@R,C, - j)
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0-005%,
O\
N
8 /ID
—[0:20 -)024
1 I

Using phasor domain, in mesh 1, we get,

(=j0.2)(1,—1,)+3(1,-15)=9

= (3-,0.2)1,+,0.21,-31,=9 [1]
In mesh 2, we get,

0.0051, + j1.4(1,—1,)—0.2(1,-1,)=0

= (0.005+ j0.2)1, + j1.21, - j1.41,=0 [2]
In mesh 3, we get,

—jO2(1,—1,)+3(1,=1,)+1,-,9=0

= =31, +(3-,0.2)1,+0.2I, = j9 [3]
In mesh 4, we get,

51,—02(1, =1+ j1.4(1,—1,)=-/9

= —j1.41,+ 021, +1,(5+ j1.2) =—j9 [4]
On solving we get,

I, =-18.33+,20=27.13£132.5° A
1,=5.092-,3.432=6.14£-33.98° A
I, =-19.76+ j21.55=29.24/132.5° A
l,=1818-,0.02=1.82£-0.63° A

Therefore,
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i,(1)=27.13cos(20¢ +132.5%) A
i,(1) = 6.14cos(20r —33.98°) A
i,(t) =29.24 cos(20 +132.5°) A
i,(1) =1.82cos(20¢ —0.63°) A

Pspice Verification:

IFRINT i
=]
=
yes
yes
yes
Y&S - |PRINT
yes =] yes
T
IPRINT : ch —_— ;z
| . I}_ > R3
50m 250m g
yes 5

EE‘§|TT I
25"
N

S

FREQ IM(V_PRINT1)IP(V_PRINT1)IR(V_PRINT1)II(V_PRINT1)

3.183E+00 2.712E+01 1.325E+02 -1.833E+01 1.999E+01
*x% (062112 13:48:06 %*xxxxxx PSpice Lite (April 2011) msesewxsxx ]

*»x Profile: "SCHEMATICl-probl0_60_old” [ C:“ORCADNORCAD 16.5 LI

bl AC ANALYSIS TEMPERATURE = 27.000

FREQ IM(V_PRINT3)IP(V_PRINT3)IR(V_PRINT3)II(V_PRINT3)

3.183E+00 3.052E+01 1.350E+02 -2.158E+01 2 .157E+01
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FREQ IM(V_PRINT4)IP(V_PRINT4)IR(V_PRINT4)II(V_PRINT4)

3.183E+400 1.818E+00 -6.301E-01 1.818E+00 -2 000E-D2
*#xx (06-21-12 13:48:06 »xxxxxx PSpice Lite (April 2011) eexxxwx
## Profile: "SCHEMATICl-probl0_60_old" [ C:“ORCADNORCAD 16.5_.

HHHR AC ANALYSIS TEMPERATURE = 27.01

FREQ IM({V_PRINTS)IP(V_PRINTS)IR(V_PRINTS)II(V_PRINTS)

3.183E+400 6.141E+00 -3 .398E+01 5.092E+00 -3.432E+00
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61.  Left hand source contributions: 5.58£-91.8° V; 1.29£-75.9° V|

Right hand source contributions: ~ [1.29£-75.9° V; 9.08 £-115° V|
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62.  Using node voltage analysis in phasor domain, we get the nodal equations as,
Atnodel,
V -V
|1_|2_( - 2)_ﬁ=0 [1]
-Jj5 Jj3
At node 2,
V -V
I, + M v =0 [2]
—j5 2

I, =33x107/3°mA

I,=51x10"Z-91°mA

On simplifying the nodal equations [1] and [2], we get,
V,(j0.1333)+ V, (-j0.2) =1, -1,
V,(j0.2)+V,(-0.5-,0.2) =1,

and on solving these we get,

V,=-0.4694 - j0.1513=493.18£-162.14° mV
V, =-0.0493 - ;0.27 =274.46 £ —-100.34° mV
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63.  [1.995c0s(40t + 2.7°) + 0.343cos(30t + 90.1°) mV]
7.995c0s(40t + 2.4°) + 1.67cos(30t — 180°) mV/

>
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64.  Calculate Thevenin Impedance

Z, = j2+4,10° =394+ j2.69=|4.77£34.32° Q)

Calculate Thevenin voltage:

V, =(1.5224°)(2) = (1.5£24°)(2£90°) =3114°V
V, = —(2£38°)(4£10°) = -8.£48°V

V,, =V, -V, =(3£114°)+(8.£48°) = 4.13+ j8.68 =[9.61.£64.55° V]|

Current I, through the impedance (2-j2) Q is found as:

Z,.,=394+j2.69+2-;2=594+j0.69=5.97.26.626°Q

|2 Vo _961£6455° gy
Z,., 597/663°
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65. 1.56 £27.8° Al
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66.  (a) Thevenin Equivalent

= (12— /34)0(,10) :%: 1.67+ j13.33=|13.43./82.86° Q|
—J

Z

thevenin —

Using current divider to find the current through j10 branch,
_ 1,.Z,, _ 22430°(340+j120)
A 12— ;24
=29.55/22.87° A
V=V, = (29.55422.87")(10490") =1295.46./112.87° V|

(b) Norton Equivalent
Z,on = Zpewenn =1.67+ j13.33=[13.43./82.86° Q|

norton

=1, =22/30°4

IN
(¢) Current flowing from a to b
=1.67+ j13.33+7—j2=8.67+ j11.33=(14.26/52.57° Q|

Vy,  295.46/112.87° =[20.72./60.3° A
14.26.£52.57°

I, = -

4

4

total

total
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67.  (b)259£84.5° uV
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68.  Let us first consider the current source only.

Using node voltage analysis in phasor domain, we get the nodal equations as,

Atnodel,
|s+(V2_Vl) =i+ (Vl _‘Vz)
1 2 Jjl

=V, (1.5-j)+V,(-1+j)=-3 [1]
At node 2,
(Vl _Vz)_&: (Vz _Vl)

—jl —j 1
=V, (1-/)-V, =0 2]
I, =32-90°4

On solving the nodal equations [1] and [2], we get,
V,, =-0.9231-1.3846 V

V, =-2.3077-;0.4615V

V, =V, -V, =-13846+,0.9231=1.66£146.3°V

v, () = 1.66.cos(20¢ +146.3°) V

Pspice Verification:

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.
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=9 AC=yes
MAG = yes
R1 PHASE = yes
Ay
C1 " R2
i} Ay
50m 2
1
343 &
L1 c
S0m Wc<9
2
T
FREQ YM(NOO166,0)VP(NOD166.0)

3.183E+00 1.664E+00 1.463E+02

Now let us consider the voltage source only.

+ \ﬁrl W
..J JL 4
( M
i

() 2440V

Then the current flowing in the circuit will be,

I = v, :2—',1:1.1307—j1.4538A
Z 2-j .
T tJ
3-J
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Using current divider to find the current through 1€ branch,

1,.Z
|, === = (11307 - j1.4538) (0.7 - j0.1)

R

V., =—1,Z, =—0.6461+ j1.1307 =1.3£119.74°V
vy (1) =1.3c08(20¢ +119.74°) V

Pspice Verification:

AC = yes
—-’ MAG = yes
PHASE = yes

R2
My

T

M§ il

L 4
£0m 2 1‘Iac@
OVde

L

FREQ VM{NO0211 N0O0222)VP(NOD211,N0O0D222)

3.183E+00 1.302E+00 1.197E+02
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69.  (a)24cos’(20t — 163°) W]

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



70.
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Engineering Circuit Analysis 8™ Edition Chapter Ten Solutions
Using phasor analysis, we get the open circuit voltage as,
V _ =1£0°V

For finding the short circuit current through terminal a-b, we can apply KVL,

1£0°=—(0.251,, (j2)+1, )+ j21, =(0.5+ /)1,

1£0°

== —04-70.8=(0.89/—-63.43°A
0.5+ ) / | |

Now for finding the equivalent impedance,

Zy :_\I/OC =0.5+,/Q

N

For a parallel combination of a resistor and a capacitor or an inductor,
3 1

RT(X)

=R =ﬁ= 2.5Q|and X =——=1.25 from which at ® =1rad /s, we get,

1
0.8
the valueof |L =125 H

=05+
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71. (b Is leads Ig by [83%; Ic by F7°; I, by

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.
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72. Taking 50 V = 1 inch, from the figure, we get the angle as £122.9°. (The figure below
shows for the angle +122.9° only.)

Analytical Solution: On solving,

100+1402a|=120
100+140cos  + j140sin a| =120
a =+122.88°

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.
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I,=57£-85° Al;

73, () Ve=5122-140° V; V. = 143213°V lc=51.22-50° Al

Ig=25.6226° A

>

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.
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74, (a) V, =120£0°V
Z, =40/30°Q
Z,=50-j30=58.312-30.96°Q
Z, =30+ j40=50,53.13°Q

| = s J12020° ) 3004
Z,  40/30°
V [e]
|, =~s 120207 _;05, 30960A
Z, 5831£-30.96°
|3 :ﬁ:M:QAZ—S?,_I:SOA
Z, 50/53.13

(b) Here the scale is : 50V =1 inch and 2A =1 inch.

(c) From the graph, we find that,

I, =62/4-22°A

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 8™ Edition Chapter Ten Solutions

5. (b)

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.
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76. (a)

.{-J“' VA —'3-33@v8
N~ T 3V

5414V @') éém Zan %}W 2 /45 A

(b) Thevenin Impedance

Zy, =(1]72)+(2]3)2
__Jz _J6

1+72 2+3
_—18+ /10
_20.6./150.94°
 8.06/119.74°

=[2.55/31.2°Q
Pspice Verification:

AC = yes
é’u‘ MAG = yes
FHASE = yes

’\:"'-.-‘\' 3 0Adc
' 1A3c 1
L3
100m L4
§ R2 150m
2
2
2
=0
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FREQ VM(N00233,N00263)VP(NO0233 ,N00263)

3.183E+00 2.554E+00 3.120E+01

Thevenin voltage:
In order to find the thevenin voltage, after removing the capacitor and on applying node

voltage method, we can write the nodal equations as,

Atnode A,

5£-78°-V, =ﬁ [1]
1 j2

At node B,

4/£—-45°-V, :ﬁ [2]
2 j3

Solving the nodal equations [1] and [2], we get,

V, =4.472/-51.43° Vand

V, =3.32824-1131°V

V,, =V, -V,
=4.472/-51.43°-3.328/-11.31°
=—0.4752— j2.8437
=2.882-99.49° V|

Pspice Verification:

MAG = yes
‘_—’Enﬂ PHASE = yes
IMAG = yes
REAL = yes
R R3
A ’\N\f
1 T 1
V1 L1 g R2 L2 6 "
5V3=6 100m 2 150m ) OAdc
Ovde 2A3c
2 2

S
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FREQ VM(NOD225 HO0247)VP(NO0D225,NO0D247)VR(NOD225, HO0D247 )VI(NOD225,N00247)

3.183E+00 2.884E+00 -9.949E+01 -4.756E-01 -2.844E+00

Calculate v(t):
Z, =-j3.33=3.332-90°Q

Z, .,=218-j2.01=296£-42.67°Q
V - V,, xZ,
‘ Ztotal
 (2.88£-99.49°)(3.33.£-90°)
2.96/£-42.67°

=324/ —146.82°V
v, (£) = 3.24 cos(201 —146.82°) V

Pspice Verification:
FREQ VM(NO0225,N00247)VP(NOD225,H00247)
3.183E+00 3.238E+00 -1.469E+02
(c) The current flowing out of the positive terminal of the voltage source is given by

2L-T8 -V, A. If we apply nodal voltage analysis, we get,

Atnode A,
54—78°—VA_£+ V.
1 j2 —-j3.33

From (b), we have, V. =3.24/-146.82° V

On solving, we get,

V, =2.0348- j3.057=3.67£-56.35°V
1 =-0.995-;1.833=2.08£-118.49° A

li(t) = 2.08cos(20t —118.49°) A |

Pspice Verification:

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.
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el
AC = yes CoD  PrAse - yes
IPRINT m&ﬁﬁm
REAL = yes
=1 IMAG=yes c1
AV‘M"V _==
1 1 15m 5
V1 L1 s R2 L2 11
5\.’3«:(.9 % 100m 3 2 é 150m @ OAde
OVdc 2A3c

T

FREQ IM(V_PRINT2)IP(V_PRINT2)IR(V_PRINTZ)II(V_PRINT2)

3.183E+00 2.087E+00 -1.186E+02 -9%9.984E-01 -1.832E+00
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77.  If both sources operate at 20 rad/s, v¢(t) = 510sin(20t — 124°) mV. However, in the
present case,

ve(t) = 563sin(20t — 77.3°) + 594sin(19t + 140°) mV.

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.
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78.  (a)
10

V ;P.ﬂ- Vo
g -

(b) Using the voltage divider rule, we get,

V, jo w 0
—= = = Z(90°—tan™ (w
V, l+jo |1+ ( ( ))

File Edit View Insert Tools Desktop Window Help

[cema xaam® € 08 =0

1

(d) From the plot of the gain, we see that the circuit transfers high frequencies more

effectively to the output.
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(b)

(d)
\Y

o

\Y

s

1
Vi+o®

The circuit transfers low frequencies to the output more effectively, as the “gain”

approaches zero as the frequency approaches infinity.
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One out of many possible design solutions:

Here, the impedance is given as,

(22-7) .
Z="" L =4618/-25.65°=4.1629-2Q
548°

If Z=4.1629— j2 Q 1is constructed using a series combination of single resistor,

capacitor and an inductor, then, R =4.16Q2 and —;2 = joL —LC. Selecting L as 200nH
@

arbitrarily yields the value of the capacitor as 0.12pF.

Thus, one design will be 4.16Q2 resistor in series with 200nH inductor and 0.12pF

capacitor.

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



1. vi(t) = v(t)/5
pi(t) = vi(t)*/1 = vy(t)’/25

(@) vy=9V
vi =vi1(0) = vi(1) = vi(2)
P =pi0)=pi(1)=pi(2Q)=v\/1 =v3/25=9%25=3.24 W

(b) vs=09sin2t V
p1(0) = v4(0)%/25 = [9sin(2*0)]* =
pi(1) = vy(1)%/25 = [9sin(2*1)]*/25=
p1(2) = v5(2)%25 = [9sin(2*2)]*/25=

(¢) vs=9sin(2t + 13°) = 9sin(2t + 0.227) V
p1(0) = vy(0)%/25 = [9sin(0.227)]/25=
pi(1) = vy(1)%/25 = [9sin(2 + 0.227)]*/25=
p1(2) = vy(2)%/25 = [9sin(4 + 0.227)%/25=

(d) vs=9¢e'V
p1(0) = vy(0)%/25 = 9/25 =
pi(1) = vy(1)%/25 = (9¢1)2/25 =
Pi(2) = vi(2)’/25 = (9125 =[59.3 mW|



2. KVL: -v¢+500i + v, =0 = i= (v, — v)/500

(a) vi(t)=30u(-t) V
Ve(t) = 30eRC = 30002 v

. 30 -t
i=—""p¢ /0.002, t>0
500

py(1.5 ms) =
pr(1.5ms) = i?(1.5ms) = 500 =401.6 uW)
- 30 -
pc(1.5ms) = v-(1.5ms) * i(1.5ms) = (30e 0'0015/0.002) * (—%e 0'0015/0-002)
==401T.6 mWI

(b) vi(t) = 10 +20 u(t) V
= “re) = Y

ve(t) =10 +20 (1 — ¢ /re) = 30 — 20~ /zms >0

P = 30-(30-20e /2ms) _

500
i(1.5ms) =189 mA

ps(1.5ms) = —(30)(0.0189)W =
pr(1.5ms) = i?(1.5ms) * 500 =178.5 mWW|
pc(1.5ms) = v-(1.5ms) * i(1.5ms) =388.3 mW

40" /2ms mA, t>0



3. (a) vs=-10u(-t) V
i(0)=-10/1=-10 A
i(0h=-10/1=-10 A
i(t>0) = -10e™" =-10e™ A, i(200ms) = - 4.49 A
p@s«r) = -(-10)(-10) =100 W}: pr(0") = (-10)*(1) = [100 Wi pi(0") = vi.(0") i(0) = (0)(-10) =[]
P«(0) = -(0)(-10) = 0 W} pr(0") = (-10)*(1) = [100 W;

pL(0) =vi(0)i(0") = (L 292 1(0%) = 2 (~10)(—4)e ™ (~10e7) o ==TOOW

dt
P«(200ms) =[0 Wi

pr(200ms) = i?(200ms)(1) =20 19 W]

di(200ms)

p.(200ms) = v, (200ms)i(200ms) = <L o

) i(200ms)

1
= Z (—10) (—4‘)3_4t(_103_4t) |t=200ms =EZD:|M

(b) v=20+5u(t) V
i(t) =20+ 5(1 — e *)u(t) A, v, (6) = LS = Se~*u(t) v

p(07) = -(20)(20) = pr(0) = (20)%(1) = K00 Wi, pL(07) = vi(0°) i(0") = (0)(20) =
msoo

pi(07) =-(25)20) =  pr(0) = i(0M)2(1) = [(25 — 5e )] ]2 = 202 =400 W
pL(0) =vL(07) i(0") = (5)(20) =100 W

ps(200ms) = —(25)(25 — 5e~*%)| _1 == 56883 W]
5

2
Pe(200ms) = i(200ms)?(1) = (25 — 5e)], | =s51771WM
5
p.(200ms) = v,(200ms)i(200ms) = 5e~*¢(25 — Se‘4t)|t_1 =5T12W
5



4. We assume the circuit has reached sinusoidal steady state att = 10 ps

1kQ > 1kQ, 15mH > j3k
Zeq = 1k//i3k = 900 + {300 Q
Veq = (900 +j300)(0.1£0°) = (94.8720.322 rad) V

[94.87cos(2 x 10°(10 x 10°) + 0.322)]?
pr(10 ps) = =

1000
| 9487203220
LT 730002m/2rad | oo radym

pL(10 us) = ,4(10 us)i, (10 us) =
(94.87 cos(2 x 105(10 x 10%) + 0.322))(0.03162cos(2 x 10°(10 x 105) — 1.25) = =15 W

Ps(10 ps) = .4 (10 pus)ig(10 us)
= (94.87 cos(2 x 105(10 x 10°) + 0.322))0.1 cos (2 x 105(10 x 106))
== 27w



5. ve(0)=(6)(4)=24V
(a) Fort>0, v(t) = ve(t) = 24e Rc = 24e 006
N
Uz(t) (24e_m )
R =
. dv(t)
pe(®) = ve(®ic(®) = v(©) [67

t
= (24e‘m ) (10 x 10~3 (_

:‘pR(t) = 96e_ﬁ W‘

pr(t) =

4\ __t_ .
0.006)e 006) :>‘pr(f) = —96¢ 0.03 M

0.06

(b) pr(60ms) = 96e 003 = 96e—2 (60 ms) = 13 W




6. ve(0)=(6)(8) =48 V,ii(0) =0 A,
pr(0) = v(0)*/R = 48%6 =384 W, pc(0) = v(0)(0) =0 W,
ps(07) = -ve(0)ig(0) = -384 W

ve(0') =48 V, in =48/6 =8 A, ic(0) = ix(0") -ir(0) =1-8=-7A
pr(0") = vc(0)’/R = 48%/6 = 384 W, pc(0) = vc(0") ic(07) = (48)(-7) =-336 W ,
ps(0") = -vc(0)iy(0") = -(48)(1) = -48 W

t t
Fort>0, vo(t) = K; + K,e rRc = K; + K,e o006
t = o0,vc(0) = Ky = i5(c0)R = 1(6) =6V

VC'(O) :K1+K2 :4? = KZ =42
~vc(t) =6+ 42e 006 V

ve(75ms) =18V
18
ic(75ms) = is(75ms) —izg(75ms) =1 — 3 = —-2A
182
pr(75ms) = e =pp(75 ms) = 54 W]

pc(75ms) = (18)(—2) =p (75 ms) = —36 W]
ps(75 ms) =p,(75 ms) = —18 W]




We assume the circuit is in sinusoidal steady state

1Q2>10Q,4Q>4Q,4 uF > -j25kQ
i1g ~ ig = 2.5¢c0s(10t) A, iy = 0

p1a(®) = 12O = 222 (1 + cos(200) W

P12(0) = 6.25 W, p15(10 ms) = 6.19 W,p;,(20ms) =6 W
Pao(t) = 0 for all time

P4 ur(t) = 0 for all time

ps(0) = —6.25 W, p;(10 ms) = —6.19 W,ps(20 ms) = —6 W




i;(07)=04
v, (07) =vc(07) =0V
ip(0")=04
v, (07) =vc(0Y) =0V
_ 0 ol _1_ __
R=10//11 = 11!2 A== o= 0.275 , wg = Nl 1rad/s

) rad
a < wy = Underdamped case: wg = |wf —a? = 0'9614T

Forced response general solution:

ip(t) = iy + inge = 10 + e~ *(Bycoswgt + B,sinwgt) A
i,(0")=10+B,=0=>B, =104

di (£)

= e " (—wyB;sinwgt + wgBycoswgt) — ae”* (Bicoswgyt + Bysinwgt)
di,(01) _v,(0%) _ vc(0")
a L L

a
dez—aBl=0:Bz=w—1=—2.86 A

d
oo (t) =10 + e %275t (—10c050.9614t — 2.865in0.9614t) A

=0A4A>

diy (t)
dt

pL(t) = v ()i, (t) = Li (t)

(1) = 12.54 W|




t t
Fort>0, vc(t) =V(0*)e ’Re = V(0*)e 01z V

we(0%) = %Cvcz(o’f) =100m) =2v(0") =2 V

t
s ve(t) =V2e7012 V= v(120 ms) = 0.52 V = pr(120 ms) =

(0.52)2
1.2

=226 mW|

t

Energy dissipated: w¢(t) = %Cvcz(t) = 0.1e 006 W
1
Energy remaining att=1sis: we(1s) = 0.1 — 0.1e 006 = O W
or 100 mJ of energy dissipated in the first second.
100 x 10~6k]
Tr =T; + AT = 27315+ 23 + = 27315+ 23+ 0.111 = 296.261 K
k]

or |a temperature increase of 0.111 °C|.
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10. (a) p = (30x10%) (1.2x107) =
(b) W = (1.08x10°)(150x10™) =



11. 18kQ > 18kQ, 1 uF = -j22.22 kQ
Zeq=18-j22.2kQ=128.6£—51° k)
Vog = Zeqls = (28.6 X 1032 — 51°)(9 x 1073215°) = 257.42-36° V

(a) p;(t) = (257.4cos(45t—36°))(9 x 1073 cos(45t + 15°))
=[0.73 + 1.16 cos(90t — 21°) W]

(b)P =073 W)



12.1Q2>1Q,1 mH - j0.155 Q

VA 10072
(a) PR = E = T =[5]HM
V 100245°

I, =—=——""—=645.162.—45° A
L=z, 7 01552900

1 1

P, = EVmILm cos(f — @) = 5 (100)(645.16) cos(45 + 45) =0 W1
Zioaa = 1//j0.155 = 0.1532281.2° 0

Iload - V/Zload - 65274—3620 A

() Proaa(®) = v(t)ijpaqa(t) = (100 cos(155t + 45°))(652.7 cos(155t — 36.29)
= Dioaa(t) =5+ 32.64 cos(310t + 8.8°) kW

v?(t) (100 cos(155t +45°))?
R 1

pr(t) = = 5(1 + cos(310t + 9090°)) kW

p.(t) = v(t)i,(t) = (100 cos(155t + 45°))(645.16 cos(155t — 45°?)
= 32.26 cos(310t) kW




13. 1 =4—j2 =202 —-26.6°A

2
@ z2=9Q,P="2R =20 —gyw
(b) Z=-j1000 Q, V = ZI = 1000v202 — 116.6 °V,
cos(6 — ) = @005(900) =0

P — lem
2
() Z=1—j2+j3=1+j=+2£45°0,V = ZI =/28/20£18.4° V,
P = @COSMSO) =10

(d) Z =62£32°0, V =ZI = 65/204-5.4°V,P = 62020

cos(—5.4°) =(9.73 W

(e) Z = 152‘% kQ = 6712 —45.6°0, V =ZI = 671v202-72.2°,
p = IO (o5~ 45.6°) =AW



14. Mesh equations:

—792—40° + 51, + j7(I; = 1,) = 0 152 +j7(l, — 1) — j3.11, = 0
Solve mesh equations: I; = 29.182 — 118.5° A, I, = 25.962 — 164.22° A
2
P = mT =2129 W
Vol 79)(29.18
Pg; = ———=cos(0 — @) = —#cos(—lloo +118.5°) ==230W
(152)(25.96)
Psz = ———————0s(0° + 164.22°) ==TBITW)
P,=0W, P.=0W|

Power balance: 2129 W = (230 + 1899) W|




(3+2.8)(—j1.5)

L= — _ )
15. @) Zin = 1+ ELBEES — 242 — 47400
s = 43 605,5040 4
ST 04z —4740 " OO

1
Ps =~ (194)(80.5) cos(3° — 50.4°)= =529 KW/

Py = %(80.5)2(1) =324 kW
o —j1.5
7342815
Py = %(37)2(3) =2.05 kW
P,=0W, P.=0W|

(80.5250.4°) = 372-63° A

(b) Pspice simulation
IPRINT IPRINT
= =
R1 it R2 L
1 3
e R
..‘9.4\'.69 s S
T
FREQ IM(V_PRINT1) IP(V_PRINTI)
6.000E+01  8.049E+01 5.040E+01
FREQ IM(V_PRINT2) IP(V_PRINT2)
6.000E+01  3.693E+01 -6.304E+01




16.
Yy = 2700 (15260°) = 14.28278°V
th ™ 225 4700 o
_ 225G700) 204 + j65.5 0
th =225+ 700 JO3-

@ Zp =Z¢ =204 —j65.51)

[Vth|? _ 14.282

= =125 mW|
8+Rep  8+204

b) P, =



17. Vi, = 2200278099 (15,60°) = 14.8259.3°V
9225+;8000

_ 225(9000 — j8000)

= = 222427 0
th 9225 — j8000 *

(@) Z, = Z;, =222 —]2.7 1)

(b) P, = W _ 148"

8xRep,  8%222



18. KCLs:
Vy—20 Va—Ve
-2 +=—=0 _  SW—14V. =60 V, = 9.223,—83.88°V
Ve, VeVx _ j2Ve+(3—j2)V. =0 — V., =5.1222-140.2°V
—j2 3

Power associated with dependent source:
1
Pyyc = —5(9.223)(2 %X 5.122) cos(—83.88° + 140.2°) = —26.22 W

So the power supplied by the dependent source is [26.22 W|.



19.

(a)

KVL: j1.921, + 4.8(I, — j2) + 8(I,

Igg =5 —j2 = 5.3852—21.8%4,

V4.8.Q = 4'814.8!2 = 25854_2180‘/,

1
Pygo = 5(5.385)2(4.8) =69.6 W,

—16l,)=0=1,=5A4
18.(2 = O6Ix = 3A
VB.Q = 818!2 = 24‘V

1
Pgg = 5(3)2(8) =36 W

b)  P_jpu= %(25.85)(2) cos(—21.8° — 90°) == 9.6
Pioix = 5 (24)(1.6 X 5) cos(180°) ==96W/

(c) Voc:
Isc:

2t = {114,682

. A _
—(—]2) +R_Ix =0

L,=16L=>1,=0
Isc = 1.6I, — I, = 0.6I,
48 o ]
L= 4-.8+j1.92( j2) = 1.857468.2°A

9.6£90°

(d) Pspice simulation:

< a8 |

L

5.083mH
F R

>V, =V, =—j9.6 = 9.6290°V

}=> I, = 1.114£68.2°4

=-8-j320 =[, =-8F,3.210

L1

5.093mH |

1 ierINT

! Fa T A

. i *
FREQ  VM(SN_0002,0)VP(SN_0002,0)
6.000E+019.600E+00 -9.000E+01

FREQ

6.000E+01 1.114E+00

IM(V_PRINT11)

IP(V_PRINTI1)

6.820E+01




_ 2@+m@)+02) _ 1

(a) Waveform (a): I,y = - — ==03334
2(5)(1)+0(3
Waveform (b): Iy, = % = g =625 4
—2)2 2
(b) Waveform (a): 15,,9 = w = g =1.667 A%
Waveform (b):

i(t) =5x10%t A
i%(t) = 25 x 10°t2 A?

1

lavg = flms'z(t)dt— L 55w 1005 | 1ms =2.083 42
avg_4mso ' " 4ms 31 0



21.
(a) P =2 =1136W

(b) vg = 4 cos 80t — 8sin80t = 4c0s80t — 8 cos(80t — 90°)
-V, =44£0° —84—-90° = 4+ j8 = V804£63.4°V

P= 1(80° =18 18 W
S 2\22/) "
() vs = 10cos100t + 12.5 cos(100t + 19°) - 10 + 12.5219° = 23.18210.11° V

P_1 23.18%\
2\ 22 )




(a) 7sin30tV - % =495 Vrms

100
= _]:ZOI]M
(b) 100cos80t mA — 5=

120vV2

(c) 12042 cos(5000t — 45°)V - =

120V rmsl

100

ﬁﬁ=[51)m

(d) %sin(u +720)A -



62.5
. - — =4419mV rms
(a) 62.5c0s100t mV 7

(b) 1.95c0s2t A — %=m3}3m

208V2 _

7 208V rmd

(c) 208v2 cos(100mt —29°)V —

(d) %sin(ZOOOt —149)4 » 20 =



24.

(a) i(t) = 3sin4tA — %:m

. 1, . ; 1\? 1\?
(b) v(t) = 4sin20tcos10t = 2 (sin30t + sin10t) V - \/(ﬁ) + (ﬁ) —

1

7
(d) Loss = \/§ J(2.82 x 10-3)2dt = \/§ (2.82 x 1073)2(3 — 1) =23 mArms

2
(¢) i(t) =2 - sinl0t mA > |22 + (%) =Z1ZmArms




25.

(@) |f, =0.167 Hz, T = 6 5|

2 4
Ieffz\/%go (—2)2dt+f2 (1)%):@:

(b) f, =250 HZT =4ms

1 1ms 2
I = D — =1 4.4 A
of f 4msf0 (10_3t) dt




26.
(=91
(a) Iavg = ==3mA
1 3
Ieff = §] (—9)2 dt =196 mArms
2
1 1
=(-1)(0.05ms)+=(1)(0.05ms)
(b) Favg =2 ( m53 2D i =[]

2

1 0.05ms 1 1
Foms = (2)] (——t) dt = —— =[0.333 X 10=3 rmd
0

0.3ms 0.05 3000



1kQ> 1kQ,2H > jlkQ > Z=1+1kQ

Leti(t) =1,cos(500t+¢@)A—>1=1,20°A
V = ZI = 1kV2I, 2£45°V - v(t) = 1kV21, cos(500t + ¢ + 45°) V

2
p(t) = v(®)i(t) = ”""f"’ [% + cos(1000t + ¢ + 45%)| W

2
1k\/510(i+1)_i:>10 = |—A—=1,=1439m4

Require: max[p(t)] = >\ = T
V2

. 1439mA
Largest rms current tolerated is: ﬁm =10.175 mA rms



b) v=

Voss = \/(%)2 + (%)2 + 52 =718V 7ms

(¢c) v = 5cos50t + 3sin50t = 5cos50t + 3 sin(50t — £90°)V —» 520° +324-90° =5 —
j3 =5.8312—31°V - 5.831 cos(50t — 2—31°) V
T

T:ES
25
f=—Hz

5.831\2 5 \2 3
Ve = (—) = 4123V rms orjust V,rr = (—) + (—) =4T123V rmsd
eff 2 J eff NF 2

(d) i = 8cos?90t mA = g(l + cos 180t) = 4 + 4cos180t mA

T—T[
~90°
U

f = — Hz

Ipr= |42+ (—) —A 9 mA TS

(b)



(d)

14 mH - j0.56 Q,28 mH = 1.12 Q

7 = R//112 = Jj1.12R
eq = R//J112 = gy
Ve = —24(12020°) = —I2228 __ (120,00) v
j0.56+Zeq —0.6272+j1.68R
_j056 on _ —0.6272+j0.56R R
Viamn = J0.56+Z¢q (12020°) = —0.6272+j1.68R (12020°) v
. _ _ 1.12R _ /(0.6272)2+(0.56R)?
Require: Verms = Vigmurms < Vel = Vigmul < J(06272)2+(1.68R)2  /(0.6272)2+(1.68R)2
0.6272
© 1.12R = /(0.6272)%2 + (1.68R)2 © R = ——— =0.6466 (]
v J0.9408

120.1
VerS = V14_ mygtms = ——— =

V2



O@M+R)M+M@) 17
4

I/;:wg=

30.

1225V rms

(12 + 22 +12)

1
4

|

Verr =




() - % — 3.43/-9.36°A rms
V, = Z,1 = (14232°)( 3.432—9.36°) = 48,22.64° Vrms
P, = (48)(3.43) c0s(22.64° + 9.36°) =139.7 W)
P, = (3.43)%(22) =259 W)
AP, = (119)(3.43) =408.17 VA
PF = cos(3° + 9.36%) =0.997
(b) = 11943° 14762101254 rms
2+6—j
V, = Z,1 = (6 — j)I = 89.8£0.665° Vrms
P, = (14.76)%(2) =4355 W)
P, = (89.8)(14.76) c0s(0.665° — 10.125°) =1307.5 W)
AP, = (119)(14.76) =1756.44 VA
PF = cos(3° — 10.125°) =0.9923
© = e = 0.694-755° Arms

V, = Z,1 = (100270°)( 0.692—75.5%) = 69.032—5.5° V rms
V, = Z,1 = (75290°)( 0.692—75.5°) = 51.8214.4° V rms
P, = (69.03)(0.69) cos(—5.5° + 75.5%) =163 W

P, = (51.8)(0.69) cos(14.4° + 75.5°) =W

AP, = (119)(0.69) =[8214 V4

PF = cos(3° + 75.5%) =0.1984



2 ECoM

3

A Computer Mechavoic

ELCOM-HUCOM

32.

(a) PF = cos(0°) =
(b) PF = cos(90°) =0l
(¢c) PF = cos(—90°) =

(d) PF = cos(—56°) =0.53



33.

(a) PF=1: ‘The load is purely resistive|

(b) PF =0.85 lagging: |The load is a resistor and inductor combinationl

(c) PF=0.211 leading: |The load is a resistor and capacitor combinationj

(d) PF = cos(—90°): [The load is a capacitor




ELCOM-HUCOM

34.

(a) [Voltage lags current by 1260\
(b) [Voltage leads current by cos~1(0.55) = 56.6°|

(¢) [Voltage lags current by cos~1(0.685) = 46.76°|

1—00) — 78.46°
500

(d) [Voltage lags current by cos™! (




35.
P =VipslomsPF = 25W = Lo = —— = — 2 __ 02374
(a) = Vrmslrmsl = rms oy L PF  (120)(0.88)
|24
Z, = #4 —c0s™1(0.88) = 506.882 — 28.36° = 446 — j241 2
rms

|Theref0re, the load may be realized with a 446 Q resistor in series with an 11 pF capacitoﬂ.

(b) P = VornslomsPF = 150 W, AP = Vopoloms = 25 VA

AP _
PF = T =150 0.167 lagging
25
Loms = 110~ 0.227 Arms
Z) = 0?21207 £cos™1(0.167) = 484,80.4° = 80.83 + j477.2 02

|Theref0re, the load may be realized with an 80.83  resistor in series witha 1.27 H capacitoﬂ.




36.
(@) Zeq = 1k//(50£—100°) = 50.382 — 97.156°0
V = Zogls = (50.382 — 97.156°)(0.275220°) = 13.8532 — 77.156° V

Iload = m =0.2711222.84° A

(0 = 2O _ (3853050t = T7A56)" oy
Preott) =30 = 1k P

Pioaa(t) = v(t)ijpaqa(t) = 13.853 cos(40t — 77.156°) 0.2711 cos(40t — 22.84° )
>P10aq (20 ms) = 1.192 W]

_ Vi _ (13.853)% oo "
(b) Pigo = R 2000 = )8 mW|

1 1 1
hoaa = 5 Vinlm,oaa €0s(6 — ) = - (13.853)(0.2711) cos(~77.156° — 22.84°) = — 3 W
==333mW|

1
(¢) APjpaq = EVmIm,load =1.92VA4

(d) PF, = cos(—77.156° — 20°) = cos(—97.156°) =[0.125 leading|
souce



37.

(a) Load is resistor, R. Then, V = W =1,220°V.

Ry,

PFpuree = c05(0) = 1]

Therefore,

(b) Load: 1000900 Q.
Zoq = 1k//(1000 + j900) = 613.43217.76°0
V = Zogls = (613.432—17.76°)(0.275£20°) = 169237.76° V
PF,,ce = €0s(37.76° — 20°) = cos(17.76°) =[0.9523 lagging

(¢) Load: 5002—-5°0
Zeq = 1k//(500£—5°) = 333.6£—3.33°0
V =Zegls = (333.64—3.332)(0.275220°) = 91.74216.67° V
PF;puce = €0s(16.67° —20°) = cos(—3.33%) =[0.9983 leading|




(@) PFsouce = 0.95leading = Z,q = 1k//Z;pqq is capacitive.
LZeq = _Cos_l(PF:s‘ouce) = —COS_1(0.95) = —18.195°

The combined load may be realized by the 1 kQ resistor in parallel with capacitor C
1k

JwC 1k 1k-jk?wC
Then, Z,, = 1k// — = L= =
>eq //ch 1k+—jaljc 1+jwkC 1+ (kwC)?

Then, 2Z,, = tan™?! Ziwey _ —tan~Y(wkC) = —18.195° = wkC = tan(18.195°) =
eq

1k
0.3287

328.6x107°
alo =220 g

w

|For ® = 40 rad/s, the desired load may be realized with an 8.22 pF capac1t011

(b) PEoyce =1
|Desired load must be a resistor with non-zero resistance\

(€) PEgyce = 045 lagging = Z.q = 1k//Z1pqq is inductive.
£Zgq = €05~ (PFpyce) = cos™1(0.45) = 63.26°
The combined load may be realized by the 1 kQ resistor in parallel with an inductor L

_ , _ jwkL _ jwkL(1k+jwl) _ w?kL?+jwk?L
Then, Zeq = 1k//jwl = = = ot en? — 0Pt (el?

2
Then, £Z,q = tan™* (5—) = tan™" () = 63.26° = -= = tan(63.26°) = 1.9845
1

T 1.9845x107 3w

|F0r ® = 40 rad/s, the desired load may be realized with a 12.6 H inductor]




(a) Mesh equations:

_200400 + ZAII + ZB(Il - 12) = 0} = [ZA + ZB _ZB ] [11] _ [200400]

ZB(12_11)+ZC12 +ZD12 =0 _ZB ZB+ZC +ZD 12 - 0

11] 25.14212.2°

= A

[12 3.274—42.501 rms
V4 =135.44-9.6°V rms, Vg =70.2£18.7°V rms
Ve =29.32-16°V rms, Vp =492£38.6°V rms
So,
AP, = 3.4 kVA, AP, = 1.64kVA, AP, =958VA, AP, = 160.6 VA
PF,puce = cos(2V, — £Ig) = cos(0° — 12.2°) 2/PF,,,.. = 0.9774 leading

(b) Mesh analysis as in (a):

[11] _ [1472£118°
I, 21.8477°
Vi =2942-21°V rms, Vg =1312£124°V rms

Ve =492£103°V rms, V, =874£135°V rms

So,

AP, = 433 kVA, AP, = 17.3kVA, AP, = 1.07 kVA, AP, = 1.91 kVA|

PFspuce = COS(LVZ - LIS) = COS(OO - 1180) >PFouce = 0.465 leading

] Arms




40.

(2) S = AP£cos™\(PF) = - zcos ™ (PF) = 22 zcos™1(0.75) =133.324141° VA
(b) S = Vosslopp26 — @ = (120)(10.3)£32° — 29° =[1.236237 kVA
(c) S=P+jQ =1000+ j10 =1000.05/=0.57° V4

(d) S = AP£cos™1(PF) =l450249.5° VA



41.

(a) AP =|S| =1.118 KVA
PF = cos (tan‘1 (Q/P)> = cos(tan‘l(O.S)) = c0s(26.56%) = 0.894 lagging
Q = |S|sin(26.56°) = 500 VAR

(b) AP =400VA
PF =1
Q =0VAR

(c) AP =150VA
PF = cos(—21°) = 0.93 leading
Q = 150sin(—21°%) = —53.75VAR

(d) AP =75VA
PF = cos(25°) = 0.906 lagging
Q = 75sin(25°) = 31.7 VAR



42.

(a) S =3 +j1.5|4tan‘1(1'5/3) = 3.354,26.56° VA
PF = cos(26.56°) = 0.894 lagging

(b) S =1+ j4lztan~*(1/,) = 4.123 £14° kVA
PF = cos(14°) = 0.97 lagging



(a) PF = cos(24°) =[0.913 lagging

(b) Current drawn by corrective device is:

I = (%) = (].—(QneWV_Q"ld)) = —jg(tan(cos‘l(PFnew)) — tan(cos " H(PFy14)))

P
= I, = —jv(tan(cos‘1(0.98) — tan(cos~1(0.913)) = j118.9 = 118.9290° A rms
%4 230

(©) Selecting the impedance of the corrective device to be small enough can switch to a
leading PF.
In this case, this can be achieved by setting

VZ
7. < —j = —j1.41
¢ J P(tan(cos~1(PF,;))) J

or, for operating frequency of 60 Hz by using a corrective capacitor value of

-1 3 -1
> P(tan(cos*(PF,4))) _50x10 (tan(cos~*(0.8))) = 1.88 mF
V2 377(230)2



1 1 4\7?
Zeq = (18 Fj10 =5 1000) = 5:54776%0
/A 240245° .
I, = 18+ 2., BT Zon =122£60.5° Arms
v, = ZLVS = 66,4—16° V rms
18 + Z,,
Sigan = I;1:1820° =2.5820° kVA
L = 182% =3.24—44.7° Arms

318 0,2 = 121;18400 ZW
leOQ =]1012 = 3244520 V rms
Sle.Q = I/jl()I; =102.45,907 VA

Vi
ljso =15~ 13.2£74.3° Arms

S_jso =Vil" js o =869Z2=90% VA

—_ ViVi o _
51000_(2 = MLO =4.34,0°VA

AlS0, Ssource = Vol = (240£45°)(12£—60.5°) = 2.8742—15.46° kVA

(Note: the sum of the complex power absorbed by the passive elements equals the complex power
provided of the source.)

PF;ource = c0s(—15.46°) =[0.9638 leading




For the existing circuit,
Zin = —j10 + (20//(j20 + 10)) = 11.4352-19.65° 2
PF,pyurce = €0s(19.65°) = 0.94 leading leading

Let the required capacitor impedance be: —jZ. Then:
Zinnew = —Jj10 4+ (20//(G20 + (10//(=jZc)))) , or
(2 x 103 +100Z;) +j(2 x 10® — 400Z,)

7. =
new (200 + 20Z;) +j(200 — 30Z;)

It is required that: £Z; peyy = —cos~1(0.95) =

- <(2 x 103 — 400Z.)(200 + 20Z,) — (2 x 103 + 100Z,)(200 — 3ozc)>
an

(2 X 103 + 100Z) (200 + 20Z.) + (2 X 103 — 400Z)(200 — 30Z,)
—5Z

1422 —80Z. + 800

= tan(—cos~1(0.95)) = A= (5 + 144)Z2 — 80AZ; + 8004 = 0

Solving the quadratic provides two values: Z, = 8.821 and Z, = —74.82 ()
The positive value yields a capacitive correction, as required, so that:

1
Z,=—=8821 C=————— =360.85 uF|
SIS 8.821(2m)50



46.

(a) Benchmark reactive power value: 0.7(P) = 0.7(175) = 122.5 KVAR
Reactive power subject to penalty: 205 - 122.5 = 82.5 KVAR

Annual cost in penalties: 12(82.5)($0.15) =($148.5

(b) Using a 100 KVAR capacitor compensation the total reactive power is reduced to:
205 — 100 =105 kVAR, which is now below the penalty benchmark. For compensation at
$75/KVAR the savings are:
For the first year: $148.5 - $75 =
For the second year (and subsequently): $148.5 -0 =



Z —(1 P )_1—8254 14°0
@~ \10 " 15—j25/

Lo % _50£-17°
S Jj30+Zeq j30+Zeg

Vison = j30I; = 51.52—1° V rms

Siz00 = Vjz0 ol; =884290% VA

= 1.7224-91° Arms

V,=—2 Y =14.1224-105.1°V
LT 3042, rms

VIVI
=1L _p0Z0°VA
1
L= ——t — =048,-46° A
2= 725+ 15 rms

3150 = 12[;15 =[3.54,0° VA
Vi_zs0 = —j25I, = 12.14—136° V rms
S—j25ﬂ = V—j25 _QI; :‘L-). 9L — 900 VAl

AlS0, Ssource = Vol = (502—17°)(1.72£4—91°) = 85.85,74.05° kVA

(Note: the sum of the complex power absorbed by the passive elements equals the complex power
provided of the source.)

PFyource = €0s(74.05%) =[0.275 leading



48.

(a) 200 mH — j20
Ve =504—-17°V rms

Mesh analysis:
—Vs +j300 +j2(L, — 1) = 0} j32  —j2
j2(l, — I) — j25I, + 151, = 0) ~ |—j2 15 —23
_ [1.564—107"] Arms
0.11240°

I12]=61=17]

‘ PFsource = cos(=17° +107°) =0

(b) APsource = |Vs||11| =78 VA

(d) Qsource = IVell11|sin(=17° + 107°) =78 VAR



49.

(a) V; =504-17°V rms

Mesh analysis:
—V; +j300, +10(1; — I) = 0} [10 + 30 -10 ] [11] _ [VS] N
10(l, —I,) +j30I, + 151, =0 —10 25+ ;30] ] ~ Lo

11] _ [ 1.5132£-92.3°
L] lo

38752 — 142.50] Arms

S100 = Uy — L)y —1;)"10 =1689 VA
Sis o = I,1,"15 =225 VA

Sizo1n = j30L1," =68.7290° VA4

Sjz02 0 = j30I,1," =4.5290° VA

(b) Ssource = VsI;" =[75.66275.34% V4

Note that the sum of the complex power absorbed by the passive elements equals the complex
power supplied of the source.

(¢) PF,purce = €0s(75.34°) =0.253 lagging




Let Sqiq = Poig + jQoiq be the complex power associated with the original load conditions.
Adding a capacitor in parallel results in total complex power: Soiq = Poig +jQold-

Then, the capacitor reactive power is:

Sc = _]Qc = Snew - Sold = Pnew + anew - Pold _onld
Since the load average power requirements remain unchanged: P, = P, 4, and so

Sc =JjQc = jQnew —JjQo1a = jp(tangnew - tangold) = VIE

1. = (Sc)* _ [jP(tanenew — taneold)]* _ jP(tangold B tangnew)
c = = =

v Vv v

. 14 1 P(tan8,;4—tan@
Since, Z; =—=—=(C = ( old > new)
Ic jwC wV




S1.

(a) V,, = 1200v2 =1697 V]

(b) (1ms) = 1200v2 cos(2m50 x 1073) 10v2 cos(2750 x 1073 + cos~1(0.9)) =16.46 kW
(c) AP, = 1200(10) =12 kVA

(d) Q = 1200(20)sin~1(0.9) =9.4kVAR)

(e) Z, = %Acos‘l(o.% —120,25.84" ()

(f) S =1200(20)2cos~1(0.9) =12,25.849 kVA



52.

(@) Vsoo = 501, = 25020°V
— A — 53 10A
Igon = 80+j6015 = 34£53.
Vo = 80500 = 240£53.1°V
Ve = Vgp + Vo = 438.3226° V
PFg = cos(0 — 26) =[0.9 lagging|

() Ligon = Is — Igoq = 42—37° A
APsy, = 250(5) =1250V4
APgo, = 240(3) =720VA
APjgoq = 240(4) =060 VA

438.29%(5)

() K= >

cos(26°) =985 W
(d) Vpy = Vyp =240£53.19V
Zry = 80//j60 =48,53.1° ()
100 V.
_ V1000l 1100+ Zy ' TH

2

Proon = 2(100) 200

=[159.43 W



(a) The load is resistive (100 Q) and so

(b) KCL:
Vs Vi Vs
— -5+~ +
j60 80 ' 100

1
P, = EV;IS cos(36.5° — 0°) =358.7 W

=0=>1, =178.6£36.5°V

© ligon = JVE = 2.982-53.5° A
Pjso 0 () = Vjgo o (O)ijeo o(t) = [Vslcos(2m50t + £V;)|ljeg olcos(2m50t + Lljgg )
Djso o(t) = 178.6cos(2m50t + 36.5°)2.98cos(2m50t—53.5%)
Fort=2ms, [pjsoq(t) =152.2 W]

(d)
In unaltered circuit, Z = == = % =35.7£36.5° = A+ jB = 28.7 + j21.3 02
S

Including a capacitor C, with impedance X, = -j/@wC, in parallel with 100 Q load results in:
Znew =Z//—JX.
P —jX.Z _ —jX.(A+jB) AXZ+ j(—A’X.+ BX¢ — B*X,)

new 7 —jX, (A+jB)—jX, A2 + (B — X,)?

. . _1 (—A?X +BX%- B?X -
It is required that £Z,,,,, = tan™! ( C+AXZC C) = cos~1(0.95) >
c

—A% — B> + BX A% + B?
e © = tan(cos~1(0.95)) = X, =

= 107.86
B — Atan(cos~1(0.95))

1
WX

and C =

=0 = 185.4 uF



20 mH - j0.64 Q

(a) Ig = —=— =893,-97.3° 4
5+j0.64
Al 45(8.93
] |2I sl sin( — o) = 25893 (i1 (—900 + 97.30) —03TE VAR

(b) APs, = @ =M99.24 VA4

ALl
AP, = | Slzl 5! ==720086VA (i.e.,supplied)
Voo my = jO.641s = 5.7132—73°V
Voo maull s
APyo oy = + =255 VA4

(c) Sg =V,(Is)* ==200.8627.3° VA (i.e.,supplied)
Se = APe20° —199.2420° VA
SZO mH = VZOmH(IS)* =|m‘

(d) PF, = cos(—90° + 97.3%) =[0.992 lagging




55.
(@) Zin =jX1 + (R//jX2)

1 1 RX,  jRX, + jXi(R + jX
Zinsz1+(—+—) =jX; + Jh22 :} 2T] 1( ] 2)

R X, TR+ X, R+ jX,
RX} + j(X1 X7 + R*X; + R*X,)
in = R2 + XZZ )
V. * V. %4 (%)2
S = Vsrmslsrms = Vs,rms( sZr:s) = S’rmzsi*ns’rms - |Zjn| “Zin
where
VRXD? + (X, XZ + R2X, + R?X,)?
and
X, X% + R?X, + R*X
L7y = tan~1 [ =22 > :
RX?

(b) For ® =40 rad/s, 14 mH - jX; =j0.56 Q and 28 mH > jX,=j1.12 Q
Adding capacitor with impedance Z, = -j X, =-j/0C, in parallel to 28 mH inductor:

Zin =JX1+ (R//jX2//—]Xc)

Zin = jX +(1 +—+ )_1 = jX, + Rz e
m =IM TR X, T Sixe) T T XX, — jRX, + jRX,
o RX,X¢ + jX, (X, Xc — jRX: + jRX;)
in XoXc —jRXc + jRX; .
o ((RX3Xc) — RX1(X; — X¢) + jX1 X, X)) (X2 Xe — JR(X, — X())
m (X2Xc)? + (R(X; — X())?

Z;, must be real for unity PF. Setting its imaginary part to zero we obtain a quadratic equation
with X, as the unknown:

(X1 X% + R%2X, + R2X)X2% — R?>(X, + 2X,X,) Xc + R?X,1X2 =0
Positive valued solutions for X, satisfy the requirements and the necessary capacitance is:
1

wXc

For example, for R =2 Q, we obtain X, = {0.956, 0.396} 12 or two capacitance values
C=—= {26.1, 63.1} mF, which provide unity PF.

wXc -
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1)

a)

b)

2)

b)

-V, +V, =835 V

V, =065 V
l, =1 A
P=0.65 W

V,=-02 V
V, =32V

P.=V,l,=-20 PW

gs gs' g

If current is going into the gate, 20 pW is generating in the junction.

3)

a)

b)

V., =400£273

V, -V, =400£33-400153=692.843 V



c)
V, =V, +V._+V, =639.4431.12 V
d)
V,, =V, +V, =327.74116.15 V
4)

A power source having more than two terminals with different phases(amplitude or phase) between
terminals is called a polyphase source.

Economically they are more efficient for long distance power transmission.
For balanced sources, amplitudes of voltages between any two terminals are the same and they have

120 degrees phase difference.

5)

Vi ==V}, =-9.£30

Vj3=Vy, —V3, =9.97 £12.76

Vs =V, +Vy, =—9.97 £12.76+2.£10=7.97 £ 166
Vg =V, +Vi, =-9.£30+2.£10=7.15£ ~144

6)



V, =V, +V, =9- |- (3+3j) =6-4] =724 -337 V

V,, =V, -V, =8-(3+3j) =5-3] =584 -309 V

7)

a)

b)

8)

a)

V=V, -V, =9-j-(8) =1-j=145-45V
|, =9A
|, =8A
l.=9A
|, =-10A
le =1A

R=12°
9
l,=-5A
|, =5A
I, =1A
|, =—4A
I, =3A



c)
Left mesh: 5 A
Middle mesh: 4 A

Right mesh: 1 A

9)
a) All of voltages

b) all except de and fj

10) they need higher power. If they don’t increase voltage, they will need higher current and therefore
thicker wires which is not economic.

11)
a)
V., =110£0
V,, =-110£0
b)
V,, = 22040
c)
2 2
- V! 1O _ o
* Re(z) 50
2 2
) _L:&_Qlw
* Re(z,) 100
2 2
= Ve’ 220 ey
* Re(z,)) 100

R, =-[242+484/2]=-484 W
R, =-[121+484/2] =-363 W



d)

resistor and capacitor

R=100 ohm
i=90:>C 24229.47 UF
aC 27rx60%x90
12)
|1 =1.84£-1284 A
|2 =0.58x179.2 A
I, =1.684-0.24 A
a)
P= 3.47 Watts
P, = 0.33 Watts
b)

Pyoo = 488.55 Watts
P, = 256.8 Watts
P,, =3.37 Watts

P, = 748.72 Watts

t
Q=500x13 =168.68

cos¢ = 48.72 =0.9755

J748.72% +168.68

13)



cos(¢) = 0.9806

b)

C=32 mF

14)
a) I=0A
b)

z=155+25] Q
or
z=250-67] Q

15)

400433+4004 —87 +400 —207 = 335 +217j+21 -399j-356 +181j=0
b)
positive sequence. Because,
£V, =4V, —120

16)

e 20 _1454-723 A
50+ 277%50% 0.5i
L= 2407120 g 450 1903 A
50+ 2/rx50x% 0.5
240120 g ysea77 A

" 50+ 2/7%x50% 0.5i

b)

cos(¢) =0.3



c)

17)

b)

Q)

P =3\V||I|cos¢ = 3x240x1.45x0.3=313.2 Watts

V, =20840 V
V,, =208« —120 V
V,, =2084120 V

V,, =+/3%208430 V
V,, =+/3%x2084-90 V
V., =+/3x2084-210 V

|, =20840 mA
|5 = 2084 ~120 MA
| o =2084120 MA

V, =20840 V
V,, =208 ~120 V
V., =208£120 V

V,, =+/3x208430 V
V,, =~/3x2084-90 V
V., =~/3x2084 -210 V

|, =1.874-258 A
l,s =1.874 ~145.8 A
| =1.874£942 A



18)

b)

V, =208£0 V
V,, =208« —120 V
V,, =2084120 V

V,, =~/3%208430 V
V,, =/3%x2084-90 V
V., =+/3x2084-210 V

|, =1.87425.8 A
ls =1.874-942 A
| . =1.874145.8 A

V, =20840 V
V,, =208« —120 V
V,, =2084120 V

V,, =+/3%208430 V
V,, =/3%x2084-90 V
V., =+/3x2084-210 V

|, =205.940 mA
l,s = 205.94 -120 MA
| . =205.94120 mA



c)

19)

a)

V,, =20840 V
V,, = 2084 —120 V

V,, =2084120 V

V,, =+/3x208430 V

V,, =+/3x2084-90 V
V., =+/3%2084 -210 V

|, =173£-2357 A
s =1.735 ~14357 A
| o =1.73£96.43 A

V, =20840 V
V,, =208 -120 V
V,, =2084120 V

V,, =/3x208430 V
V,, =/3%x2084-90 V
V., =+/3%2084 -210 V

|, =1.73£2357 A
s =1.734 -96.43 A
| =1.73£14357 A

Z,=0.926-0.261j

V, 2@&—30 \Y

T3
v, :%4—150 Vv

v, =2® c00 v

V3



b)

d)

20)

b)

21)

b)

V,, =208£0 V
V,, =2084-120 V
V,, =208£120 V

_ 208

| =
0.926—0.261]

l,s =216.194 1043 A

| =216.194135.7 A

=216.19415.7 A

P=3R|I|" =3x0.926x216.19° =129.84 kW

=68 A
z,=854318 Q

| =5.64 A
z,=10.22£ -23.07 Q

cos(¢) =0.9688



c)

22)

a)

b)

23)

a)

b)

P=2276 kW

cosg =0.9803
P =18.36 kW

Vv, =184.4 V

V,=106.4 V

210

"5

P=390 W

210

2=N3 o m4= 63.6-56
1.43

_ 1 _
Znew 1 _1
63.6-56]
210
| =V =20
V3
2
P= 2—?} x3=44.1kKW

1|x0.75= |I|=1.43A



24)

b)

25)

26)

b)

300 300
Fi - a/l = 3— X—
\/§ \/§Ztotal

p=av=30x 30 _5zkw
V3 3(3.7-0.95j)

p=av=30 30 _jg351w
V3 3(4.7-0.95))

z2=0.774-27.8] Q

1 =15/ 2= 0.0664+ 2.3856) A

e
I|=238A

2

b= Re(ng_J =13.22 W
Z

cos(¢) =0.7
V, =208./3

I, =13.22 A
I =229 A



_208Y3

z,=—— X —-456=27.254-45.6
13.22

z.,=944-944] Q
cos(@,, ) = 0.707
| =1558 A

P =4/3x208x1, x0.707 =3.97 kW

27)
a)

z,=0.0002-0.318] Q

_ 40043

| =
p
‘Zp‘

=217 KA

b)

c)

d)

cos(¢) =6.7x10™

e)

P=+/3V,1, cos(#) =3 kw

28)



b)

29)

Y connection:

Delta connection:

30)

z,=94.2+1955]
- 400
"zl
V. =400y/3 V
I,=1,_=184 A
cos(¢) =0.4341

I =182 A

V, =V, =400y/3
40043
=TS
1z
|, =~/3I,=553 A
cos(¢)=0.4341

I =319 A

P=948 W

P =288 kw



3l pl:%:25A
400

3,=2K_g5

P* 400
z|=48 @
2)=19.2 Q
2,=36+31.75] Q
z,=15.36-11.52 Q
211z, =1597-4.87) Q

cos(¢)=0.956 lead

b)

J§><4oo><J§x| 4|(|)O |><O.956: 27.5 KW
2z,

Q)

_ 400
SENEA

400
|, = =20.83A

A

I =8.33A

31)

V1, =8.34 KVA

V, =400-RI,
RI > =100
=1=2112 A

R=224 mQ

32)



Vv, :%04240 Vv
|, =36.08495.54 A
33)
34)
35)
36)

a) 1.54 KW up scaled
b) 2.154 kW up scaled

c) 614 W up scaled

37) P=170.6 Watts
38)P=-184.54 Watts
39)

P, =850 Watts
P, = -225 Waits

Yes, sum of them is the total power.
40)

R =P, =P,=861.26 Waits

a1)

There is no need to neutral line. If one of loads fails to open, phases remain correct without any need to
neutral ground.

42)

a)



Vs = 208/3430=360£30 V
V.. =360£-90 V
V., =360£150 V

1,=284-90 A
I, =2.84-210 A
. =2.8430 A

b)

V, = 20843430 =360£30 V
V,. =360£-90 V
V., = 3604150 V

1,=0.954-90 A
I, =0.954-210 A
l. =0.95430 A

43)
a) Yes, it is a delta connected load.

b)



V, =120£0 V
V,, =120£180 V
V,, = 24040V

I, =96-48] A
|, =24+168] A
|, =-37+15] A
|, =98.4-312] A
|, =-133+63] A
| =346-318] A

Q) if Iy 7 | g

44)

We can connect computer equipments as a Y load to the available three phase power.

Vv =120 V

_ 208
N



Chapter 13
1)
di di )
V,=L —2+M-—-2=-0.04sin(8t) V
a) =L at dt ( )
b) V, = dei+ m 0.3cos(100t) V
dt dt
c) V, =L %+ M %:0.1cos(8t)-0.04sin(8t—40°) \%
2 ot dt
2)
di di
V.=L—1-M=2
1=h dt dt
di di
V.=L—2-M-—2
.=k dt dt
a)
V, =0.8sin(40t) V
b)
V, =2sin(40t+15°) V
c)

V, =24sin(40t) V
V, =60sin (40t +15°) V

3)



b)

c)

4)

a)

b)

c)

5)

a)land4, 2and3
b)3and1, 4and?2

c)land3,2and4

V, =10.7sin(70t) nV

V, =41.25sin(5t-30°) 1V

V, =255cos(5t) uV

di di
V,=-L—1t+M—%
' let dt
v, =L, 2 d
dt dt

V, =-4.25\2et uVv

V, = 40sin(10t) uV

V, = 489.63sin(70t) uV



6)

7)

8)

a)

b)

9)

b)

10)

M=05H

i, = —%sin(&) A

V, =—-200cos(40t) —100sin (40t) uV
V, =—600cos(40t)—100cos(40t) uV

V, =—200cos(40t)—100sin(40t) uV
V, =600cos(40t)+100cos(40t) uV

V, = -65in (2000t +13°) +0.4cos(400t) xV
V, = 6cos(400t) -1.2sin (2000t +13°)  uV

V, =—65in (2000t +13°) - 0.4cos(400t) 1V
V, = 6cos(400t) +1.2sin (2000t +13°) vV



11)

Real (V,/V,)

-0.02

-0.04

-0.06

-0.08

-0.1

-0.12

-0.14

-0.16

|, = 7.24-2.69i mA
|, = -2.45-0.74i mA
V, 0.870(-2.45-0.74i)

2= —(-53.3 - 16.2i)x10°
A 40

i =-0.26 + 0.2i

1

V, —2iw

V, 40’ +(2+6i0)(1+4i0)

02 0.4 0.6 0.8 1 1.2 1.4 16 1.8
w (rad/s)




12)

Imag (V, /V, )

0.08

0.06

0.04

0.02
0
-0.02
-0.04
-0.06
-0'080 0!2 0.‘4 0.|6 0!8 1‘ 1.|2 1!4 1.‘6 1.|8
o (rad/s)
18 —1000i
uy
il
_ +
V1o iw 2iw V!
_— V! _— 2
1000 1 1000
N S
0.5iw

10°




b)
-V, +1.81,-V/=0
-V, +21,=0
Vrevy 10000 g
w
, 2w 0.5
*=1000!" 1)+ e (171
, iw 0.5
\A :m(lz - |1)+W(|2 —15)
c)
[1,] [ 3.15-058i
1, 1.69 + 2.63i
l, [=| -0.67+1.70i
v/ -2.31 - 1.05i
1V, ] | -1.34+ 3.40i_
13)
1,7 [ 3.60-2.08i
, 3.18 + 1.55i
I, [=| 0.48+2.15i
V| | -2.90-0.33i
V| | 097+431i]
14)
a)

P,=-05x2x92=-92 mW



b)
Poo =05x10x]9.2-40.7i mA[=8.7 mwW
P, =05x5x|-5.2+12.7i mA[ =47 uW
c)
P=0
d)
P=0
15)
M=4 mH

16) |think the question is wrong. Three inductors cannot be coupled with those mutual inductances.
(spice simulation confirms that). One of the mutual inductances is the maximum possible while the
other one is not zero. But, with the given values, the answer is:

V,g =20i x|, = 40i =
V. (t) = 40cos(t +90°)

17)

Ve =14+ 32i

Vg =42+ 24i

Vs = 21+320i

Ve =Vig + Ve +Vgg = —7 +328i
18)

inductors don't have dot!



19)

20)

a)

b)

c)

21)

b)

L 30x10°tu(t)

(2 001)2 A fort>0
t°+0.

v, = 0.5 cos10t
vy =2 cos10t

v, = —2 sin(20t) -0.4sin(20t-100°)
vy = —1.6 sin(20t-100°) -3sin(20t)

di. - dl
M) La e
(Lt M)+ Mg

di, . di,
__l_ [
gt " at

\A

V,=(L,+M)

(4-5iw) 1, —4iwl, =0
(6+5im)1, —2iwl, —61,=0
61, —4iwl, +(11+6iw) I, =0



4-5 O 0
6+5i0 —2iw 100
| - —6 —4io 0
T l4-5i0 0 e
6+5iw —2iw -6
—6 —4io 11+6iw
400ia)(4—5ia))
(4-5i0){(-2iw)(11+6iw) - 24in| - 4in{-4in(6 +5iw) - 12io)

=-3.88 + 1.97i

22)
a)
V, =ioLl, —ioMI, + R 1,
V, =il |, —ioMI, +R,1,
b)
V, =ioL |, +ioMI, + R/,
V, =—iwl,l, —ioMI, - R,1,
23)

a)

, ~10-0.010° +1.5iw
" 5+ 0.5i@

b)



2.8 T T T T T

2.5H -

24 1

Real (z )

2.3 -

2.2 -

| | | | | |
0 100 200 300 400 500 600 700 800 900 1000
w (rad/s)

25 T T T T T T

15} .

Imag(z )

| 1 | | | | 1 |
0 100 200 300 400 500 600 700 800 900 1000
o (rad/s)

c)
2, (0 =50)= 2.76 + 1.15i

24)



a) k=1

b) w=349.78 [Wf ]
25)

a) M=5.3 [mH]
b) w=0.32 [ |
c) w=17.64 [Hf ]
26)

In order to solve this question, we need to have the value of the resistance, which is in series with the
voltage source (v1).

27) 7=0.057+j0.879.

28)

a) w=0.0525 [f ] (t=0); w=0.0153 [H} ] (t=5ms);
b) w=0.044 [4/ ] (t=0); w=0.0128 [H ] (t=5ms);
29)

V,=046x118 V
V,=112£128° V

The average powers [Watt]:
F.1=0.1058

E: =03136



30)
A=10+j*2e-5
B=10+j2e-5;
C=10+j1.99e-5;
D=10+j2e-5

**In this question because the value of the mutual inductance is too small, the impedance seen form
the left-hand-side of the circuit will be approximately equal to the R1+jwL1.

This is because two winding are loosely connected, and also the value of the w (frequency) is too small.

31)
11 12
% e
o @
155 [nH] 38 [nH]
A 2
V1 N V2
| 2¢ |
>
=
32)

24 H

b)



33)

b)

34)

Ve = %sin(45t)

4 H
r's Y
22 mH

r's Y
32 mH§ §72 mH




35)

a)

L,=49 nH
L, =49 nH
49
24

36)

a)

b)



37)
i_I 3 2iw
V, 28w®-3-20iw
V_I 3 diw
V, 28w’ -3-20iw
38)
V, = —4.1c0s1000t — 4.5sin1000t
39)
_ 7.850° -2.618iw
" 140.384im
40)
V, =6V,
1 =V,=24x32°
l,==1,
a) 6
I, = Ve = ﬁ4770
z, 2
V, = 24432°
b) v,



V2 =12x118°
C 0
) |2 :V_2:1241180 _ 8498°

ZL 1.5410
41)
Vz =0V

S 1,=22 12 o ma

a) |2 :—|1 6 3
V2 = Z,_l2 = (5—2i)%&0° =203.3-81.31 mV
Vz =0Vy
=1,-20 0 ma

b) |2 :—ll 6

V,=27,1,= (2i)%40° =33.3£90° mV

42)



L 240°

' 3421.4x10"

i2=o.01il=i A
300

=2 A
3

2 2
P, =0.5x21x| —— | =467 LW
21Q X X(300) ’u
2

2
Pun =05x0.4x| = | =888 W
ba = 59X X(sooj g

43)

a)

30 kQ 400 mQ

200 cos (280t) V(© 21 Q

b)

3Q 40 uQ

2 cos (280t) V( 2.1 mQ




44)

50+;’1x(38+1]éx(9)j
485 A

15450+ = x| 38+ = x(9)
81 16

|1.5§z =5

I, =5-4.85=0.15 A
1 0.15
Issg QISOQ:T A

1 015
4|38£2 — A

IQQ
le_05x15x 85)°=17.64 W

P, =0.5x1.5x(0.15)" =169 mW

2
0. 5) 13w

(
(0
389—05><15><( 15) =208 uW

Pgo =0.5x1.5%
380 36

45)

V,=—0.75 V
4
15| 100x— ¢ 45
V=% a0 | =% V
2 4+ —
225

b)



)

P..,=05
1000 X 100

2 2
wev2] (o2
P =O.5xf:0.5xf:16.9 mw

I, = 25x 27000 155 = 2371 mA
2700+2+25x(4+j

225
P =05x2x(23.71x10%) =0.562 mW

=15 mW

P =0.5x2.7x10° x (1.29x10°) =224 mw

46)
i =5.96-3.44i A
V,= -65.41 +37.761 V

47)

| i =10.42+6.02i A

° V,=22.56 -13.02i V

b)

1,=8.42-4.86i A
V,=27.11-15.65i V

48)



V, = 41 £:3.89 \/
4+ — 30
900
b)
V, =V, =11740° V
c)
V,=3.964£0° V
49)
a)
V, =V, =720£0° V
b)
V, =676.7340° V
c)

V, =664.61£0° V

50) It is not possible. Maximum power that the source can deliver to such a circuit is less than 2 watts
while 200 volts across the load means 20kw!

If we change the question to have 200 mv across the load, the answer is:
ay a a 2
6.85| — | —=185| —|+9.25=0=|— |=2,—
b b b 3

_185]0.1
7 1.85||0.1+314

51)

240°=0.63 mV

52)



1.85]|(200x16)

= 240° =0.5175
" 1.85(200x16) +5.3
=1V _ 064 ma
4 200
53)
a
% -27/19 Q
b
54)

a and b (turn ratios) are not given

55)

guestion is wrong. maximum deliverable power is about 5W. to have an answer, we should increase "c".
For example, if we consider c=25 s, the answer is b/a=20.3

56)

a) [l =953 « —24.28
b) P=1.9 [kW]

57)

1:2

120 VE

5240 \%

58)



Because razors do not consume a lot of energy. The transformer size was probably small and did not let
a lot of energy to be converted.

59)
a)
\i_ —ia)4\/§
V,  200+6.5i
b)
v, —48.72iw
V. 20045 -0.182¢’ +57.4v/5iw
c)
V, _—80
V., 204
60)

a) To couple some energy to his coil without paying for that.

b) somehow. He can use energy only when we are using. The more energy we use, the more energy
couples to his coil.

c) False, magnetic field can be propagated even through vaccum.



Engineering Circuit Analysis  8th Edition Chapter Fourteen Exercise Solutions

(@) (-1 ==T
1) (=) = (A=2) = (0.22 - 110°) =02Z110°

() (5e775 + 2¢/3)" = ((1.4183 + j4.7946) + (—1.98 + j0.2822))" =
(—0.5617 + j5.0769)" == 0.5617 = j5.0769

(d)((2 + j)(8£30°)e/2t)* = (2.23e/26:56° x 8eJ30° x g/2t)* =
(17.84¢/(5656°+20)+ _[17 841 (56267F21)

(a) [se /50t e/5%]
(b) (2 + )e’* (2 — e~/
(©(1 = e/ (1 + je™ 78

(d)=je >
(a) m

(b)ls=0
(c)ls= —7+80s7Y
(d)ls = 8571

(e)ls= —2+j4,—-1+j4s7]

(@)f = 7e° sin(100t 4 9°) = 3.5[e/81e(-/100-9t | o—j81,(j100-9)t]

sols = =9 — j100,s* = —9 — j100|

(b) f = cos9t

SO ‘s =9j,5" = —9j‘

(c) f = 2cos (90° — 45¢)
50 s= —j45), s* = j45|

(a) |4 et cos(3t + @)

(b) M€0'25t‘
() /A + Bet + C cos(t + ®,) + Det cos(t + @,)

(a) U = 0.71e%%¢

for t=0, U=0.71V,1=0.71/280=2.57 mA

fort=0.1s,U=0.72V, [=2.57 mA

for t=0.5s, U=0.78 V, [=2.8 mA

(b) U = 0.285e~tcos (2t — 45°)
for t=0, U=0.202 V, 1=0.72 mAl
for t=0.1s,U=0.21V, 1=0.77 mA
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10.

11.

12.

for t=0.5s.,U=0.196 V, I=0.6 mA

(@) s =-1+j200m

The neighbor is approaching nearer to you as the signal is rapidly
changing with time.

(b) As the imaginary part of the frequency starts to decrease
suddenly, the distance tends to increase.

(@) Viry = 9(cos4t + jsinat)

SO, Re[V(t)] =Ocos4t]

(b) Vi =12-9j

so Re[V(y] =12,

(¢) Vi) = 5¢0s100t — 43sin100t

so Re[V(y)| =5casT00E;

(d) Vity = (2cos3t — sin3t) + j(2sin3t + cos3t)
o) Re[V(t)] =[2cos3t — sin3il

(a) The real part is missing.

(b) The complex frequency of the signalis:s = -2 + j60 s
(c) The fact that Im{ Vx } > Re { Vx} implies that the phase angle is
large.

(d) The Re(s) denotes the damping factor and the Im(s) denotes
sinusoidal variation. So if Im(s) is larger than the real part, the signal
is changing rapidly with time.

-1

(@) s=5,Vp = Re[19e5t+f84]‘
(b) s=0, |V, = Re[19¢78*]
(C) S:'4+j, s=5, V(t) = R€[19€j84e(_4+j)t]‘

(@)s=—1+100;s" == 1 — 100

(b) V=2.52 —20°V;

v(t) = Re[2.5e7/20¢(—1+/100t] = 56T cos(100t — 20°)]
(c) Applying KVL, we obtain,

(t)—R'+Ldl+1f'dt—15'+18di+025f'dt
v = Rl dt C l = 1.01 . dt . l

We construct an s-domain voltage V(s) = 2.5 — 20° with s given
above and assume the current of the form Iest
On substituting in the above equation, we get,

2.52 — 20°5t = 1.5Ie5t + 1.8sle5t + O'Tzslesf

Suppressing the exponential factor, we may write

2.54-20° 2.54-20°
1= M- - = 0.01382 — 110° A
1.5+1.8$+T 180£-90

In time domain, we can write this as
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13.

14.

15.

16.

17.

18.

i(t) = 0.0138 e~ cos(100t — 110°)A|

0.25

V(t) = 1.5 + 1.8sI + TI

(a)s=-2+j2

we can get: V(t) = 20.754£151.5° = 20.75e%¢cos (2t + 151.5°)
(b)s=-3+j

we can get: |V (t) = 21.752186° = 21.75e 3tcos (t + 186°)|

s =—200+ j150
vi(t) =i(t).21; v,(t) = 0.1
In frequency domain,

di(t)
dt

V; = 21Ig; V, = 0.1s1;
V, _01s _ s _[250Z143.130°

— =— = 1.192£143.130°

v, 21 210 210

s = —150 +j100,V, = 52 — 25°,

s0l =2 =0278,—171°V; = IR = 5.842 — 171°
wecanget:V =V, +V, =6.122 — 171°,
and |V, = 6.12e~15%cos (100t — 171°)|

s=-14j2;Ig = 2.3245°A

Applying KCL in the upper node of the given circuit, we obtain,
. . . v dv

ls=lR+lC=E+CE

We construct an s-domain voltage I;(s) = 2.345° A with s given
above and assume the voltage of the form Vest

On substituting in the above equation, we get,

2.32£5%5t = 0.5Ve*st + 0.25sVest

Suppressing the exponential factor, we may write

2.345° 2.345°
=== = = 4114, — 58.435°V
0.5+0.25s 0.559£63.435°

In time domain, we can write this as
w(t) = 4.114 et cos(2t — 58.435°)V]

L ="9=09,75°1, = %}S = 0.722£218.5°

sol =1I; + I, = 0.52,129.4°,
and i(t) = 0.52e~%tcos (1.5t + 129.4°)

vs = 10 cos 5t

(@) s =[5

(b) Vs =10V

(AZpi=1;2Z.= é = 0;3},5 = —j0.5;
Z, = sL=(5)*15= j7.5;

Zpy, =2.2;
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Total impedance of the circuit is given by,

Ziotar = (Zpi 1 Z¢) + Z+Zg,
=—2% 122475

1—]_0.5
_ 5.95+j5.9 —24 +j7-1
\'A 10

1-j0.5
~Ix = = — = 1.33424 — 71.322° A
Ztotal 2.4+j7.1

(d) i, (t) = 1.334 cos(5t — 71.322°) A

0.4
19.Zpq = 2.2+ 1.55 + —5- = 0.3 + 0.42j, U = L, Z,q = 1.032£64.5°

U, = 1.032e tcos (0.5 + 64.5°)

SO,

20.ig; = 20e 3t cos4t A; iy, = 30e 3 sin4t A

(@) Is; =20;Is, =302 —-90°=—j30;s = =3 +j4

ZR = 5,

7 1 _ 10
€7 sC -3+j4

Z,=sL=(-3+j4)*x2= —6+j8;

Applying principle of superposition in the given circuit, we obtain,

V, = Is, (Zc+21)1ZR) 7, +1s, ((Zc+§R)||ZL) 7,

= —12-j16;

Zc+Z),
— 20 5(—7.2+j6.4) —6+j8 oy (—6+j8)(3.8-)1.6)
- —2.2+j6.4 —7.2+j6.4 —2.2+j6.4
_ —600+;800—j30(—22.8+12.8+/30.4+/9.6)
- —2.24j6.4

_ 600+j1100 _ 1253261.389

T —22+j64  6.762108.97
(b)In time domain, we can write this as
v, (t) = 185.35 e 3t cos(4t — 47.58°) Vi

=[185.352 — 47.58°

21.(a) F(x) = J,” 21U(t)dt =
(b) F(x) = [, e™s2U(t — 1)dt =Fe™2

(©) F(x) = J," e [5U(t — 2) — 2U(D)]dt =C e 2 —
(© F(x) = [ e *t3U(t — b)dt =- e ™S

© [ —st|®

22.(a)F(s) = [, 5u(t—6)e™tdt =5 [~ e 'dt =57 - _F 65
o

0 I —(s+1)t|®
(b) F(s) = fo_ 2e~tu(t)e=Stdt = 2 fo =G+t — 2 e_(s+1) 0 25
(©F(s) = [* 2e~tu(t — De~stde = 2 [T e~6+Dtqr = 28—~ v

- B 1 - —(s+1) I -

[ 2 p—(s+1)
s+1
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_ (® -2t —st gy _ (® -2t 1 - j5t _
(d) F(s) = [,_e ! sin5tu(t)e™dt = [ e = (e
, —(s+2—-j5)t|® ©
—j5ty,—st _1|e — l( 1 _
€ e dt j2 | =(s+2-j5) 0] j2 \s+2-j5

o—(s+2+j5)t

o —(s+2+j5)

1 _ 5
s+2+j5) T l(s+2)2+25

23.(a) F(s) =qi2 e~
(b) F(s) =3
(©) F(s) =5

(d) F(s) =i

24.(a) On employing Eq.[14] and evaluating by integration by parts, we
obtain,
F(s) = [, tu(t)e™stdt = [ te™stdt = [

Also it is given that,
d
L(tf () = - s F(s), assuming L{f (t)} = F(s)
Here, let f(t) = u(t), F(s) = %
Therefore,
L(tf () = - 2 G) = Sizwhich is the same as what we found by

ds
employing Eq.[14].

te—St

)

® 1 e 1
+= [ e Stdt ==
]0 st s2

(b) On employing Eq.[14] and evaluating by integration by parts, we
obtain,

— [®42 st g = (P e2,-st g = [£257 2 [[ee”
F(s)—fo_t u(t)e™s dt—f0 t’e Sdt—[ — ]0 +S[[ — ]0 +
1 poo _ t _ 2
;fo e’s dt] =3
Also it is given that,

d
L(tf(t)) = —EF(S), assuming L{f (t)} = F(s)
Here, let f(t) = tu(t),F(s) = Sizusing the results from part (a)
Therefore,

L(tf () = - % (Slz) = S%which is the same as what we found by
employing Eq.[14].

(c) On employing Eq.[14] and evaluating by integration by parts, we
obtain,

F(s) = [, tu(t)e™tde = [ te~tdt =

t3e—5t
; =

o0}
3 (™2 -st 6
+= [ tee™tdt = —
-s ]0 st s*

Also it is given that,
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25.

26.

27.

28.

d
L(tf(®)) = —gF(s), assuming L{f (t)} = F(s)
Here, let f(t) = t?u(t), F(s) = S%
Therefore,

L(tf () = - % (S%) = S%which is the same as what we found by
employing Eq.[14].

(d) On employing Eq.[14] and evaluating by integration by parts, we
obtain,
F(s) =

te-(s+1)t7® 1

® -t =st gt — (& ¢po-(s+1)t — 2L (P ,o-(s+Dt g4 =
[ tetu(etdt = [ te s ide [_(m) Ctaahy et

_t
(s+1)2
Also it is given that,

d
L(tf () = —EF(S), assuming L{f (t)} = F(s)

Here, let f(t) = e"tu(t), F(s) = S%l
Therefore,
L(tf(t)) =- % (5%1) = (S+11)2 which is the same as what we found by

employing Eq.[14].

(@t+4s>0

()|t + 1)(t +2),s >0
(©)e=%5tU(t),s > —0.5

(d) sin10t-U(t +1), s > —1

L@ + 9@ +h(®} = [Z(F(©) + g(©) + h(e)) e~tde
= [ f(De~stdt + [~ g(t)e~stdt + [, h(t)e™>tdt
=IL{F ()} + L{g (O} + LD}

(a) F(s) =§e‘25
(b) F(s) == +2

T

(c) F(s) =1 +%—q—2
(d) F(s) =B

(@) g(®) = [5u(®)]* —u(®) _ _
5 G(s) = [[51Pe"tdt — [ u(t)e~tdt =25 §|0 - =
(b) g(t) = 2u(t) — 2u(t — 2)

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights

reserved.



Engineering Circuit Analysis  8th Edition Chapter Fourteen Exercise Solutions

) _ © _o © _o _ e—st|® e—st°°_
s G(s)=2[ e™tdt—2[, e~tdt =2— . —2— L=
S(1-e%)
(€ g(©) = tu(2t)
. o mst g, [0 L s,
~ G(s) = [, te Sdt—[_s ]0 +=f, e Sdt—
(d) g(®) = 2etu(t) + 3u(t)
. G( ) _ zfoo _(S+1)tdt n 3foo _Stdt . 2e—(S+1)t 0 e—st co B
o $) = 0 € 0 € - —(s+1) | -s lg -
12 .3
+1 S
29. (a) F(t) = U(b)

() [f (t) = 1.558(t) — 2U(t)
() f () = e~ 15U (1)
(LF(®) =5[tU(®) + U + 8(D)

15
30.(a) G(s) = 1oy

~ g(t) =[L.5te™u(t)

(b) G(s) ==—0

= g(t) =2u(?)

()G(s) =m

= g(t) =m8(0)]

(d)G(s) = (s+a1)2 —a,a>0

~ g(t) =lae”ttu(t) — ad(t)

31. (2) 8(8)]ey =0
(b) 56(t + 1) + u(t + 1)|,o, =T
() [, () de =

(d)3 -2 8(t)dt =

32.(a) [6(2t)]?]¢=1 =00
(b) 26(t = 1) + u(—t + 1)|;=o =
(5 o501 ()t =0
— =@
515 8(t-1at]

33.(a) [ 28(t — 1)dt =2

(b) ;=1
(©L~0=3
(d)
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34.(a) [7 €716 (£ —3) dt ==
(b) f+°° 4t5(t — 2) dt =8
(©) f “4t28(t — 1.5) dt =00

f_+°°(4 )8(t—1)dt
(d) [T2@-0s(t+1)de E

35. () [f(t) = 56(t) + 5tU(t) — 5e~tU(t)
(b) [f (1) = U(t) + 50e~*°tU (1)
(©) If () = 0.5u(t) + 4tu(t) + 4te 5tu(t) + 25(t)
(d) [f(t) = 4te=>tu(t) + 2e~tu(t) + e 3tu(t)

36.(a)G(s) =Dy 1 3 21

(s+1)2 * s2  (s+2)2 (s+1) s (s+2)2

~g(t) —|3e‘tu(t) + 2u(t) — te *tu(t)

(b)G(s) = G +3)3
~g(t) = —102 t?e3tu(t) =~ 5t%e3"u(t)|

8 18 10
(€ G(s) =19 - (s+3)2 + (s2+65+9) 19+ (5+3)2

g(t) =196(t) + 10te > u(t)

37.(a) F(s) = —2ty ()|
(b)F(s) =1,
© F(s) == ~Zty(t)
d)=— V(t) = 28(t) — 3e*5'U(1)

38. (a) V(s) = S22

= v(t) _‘“’“) +2u(t) + 8(¢)
(b) V(s) _ﬂ+—_ 1+2+2

~v(t) —|6(t) + 8u(t) + 2tu(t)|

s+1 2s2—1 1
(C) V( ) - s(s+2) 52 - E + s(si-z) t+2- siz
S v(t) =~ *Mu(t) + 0.5(1 — e *Hu(t) + 26(t) — tu(t)
(d)V()_s+4s+4 +4+_
A () =72+ 46(8) + 4u(t)
39. @F () = T+ 2 (0 =

(b) £(®) = 78(0) + [ sinh (ﬂ) -15t_ 1| u(o)
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(Qf(t) =2t + [— cosh(Z\/_t) — —smh(Z\/_t)] “8ty(t) +
o)
(AL (t) = 2te"u(t)

(Y4 4t _ A9t 7 -5t 7. —t
(e) f(t)—(ge € se 7 +-te u(t)

1 1
s2+95+20  (s+4)(s+5)

40.(a)G(s) =

Applylng method of residues

; = = 1 so that,

s+4 s——5 s+5 s=—4
1

G(s) =———

s+4 s+5

. g(t) =le”*u(t) — e~ u(t)

(b)G(s) = tom—— -

s3+1852+17s s s(s+1)(s+17)

Applying method of residues to the first term,
4 4 4 1 4 1

)

(s+1)(s+17)

=0 17 ' sGs+1Dl__ 4’ s(s+Dlg__q, 68
so that,
1 1 1
G(s) = 1_75 T a(s+1) + 68(s+17) + s

= g(t) =; u(t) + 6—189"17tu(t) — %e‘tu(t)

1 1
_ =
(5) +1755425  (S+D(s+5)

Applylng method of re51dues

(c)G(s) = 0.25

— —l, L =—— so that,
S+5lg=—_2 37 s+2lg=_g5
1 1
G(s) = 3(s+2) 3(s+5)
g(®) —-e"ZtU(t) ‘Stu(t)
3
(d)G(s) =

s(s+1)(s+4)(s+5)(s+2)
Applying method of residues,
3

3 3 1
H+DE+G+8) D)l g 20 7 s+ +) ey 4
3 1 3 1
s(s+1)(s+4)(s+5)|s__, Ty s(s+D)(s+5)(s+2) g4 T ¥
3 1
SGHDG+E+)| o 20
so that,
1 1 1 1
G(s) = E T a(s+1) + a(s+2) 8(s+4) 20(s+5)
= g() =u(t) — e~ 'u(t) + ;e 2 u) — e~ u(t) + e u(n)

(e) MATLAB Verifications:
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>>symsts

A=1/(s"2+9*s+20);
B=4/(s"3+18*s"2+17%*s)+1/s;
C=0.25*1/((s/2)"2+1.75*s+2.5);

D =3/(s*(s+1)*(s+4)*(s+5)*(s+2));

a = ilaplace(A)

b = ilaplace(B)

c = ilaplace(C)

d = ilaplace(D)

a=1/exp(4*t) - 1/exp(5*t)

b =1/(68*exp(17*t)) - 1/(4*exp(t)) + 21/17
c=1/(3*exp(2*t)) - 1/(3*exp(5*t))

d =1/(4*exp(2*t)) - 1/(4*exp(t)) - 1/(8*exp(4*t)) + 1/(20*exp(5*t))
+3/40

1 1

41.(a) F(s) = G ot S+—1 f() = (—te® —e2t + eHu(t)

() F$) = ~ G+ e [0 = €+ e u(e)

2 2
7 3, 21 _ (2 -2t 2 -6t 8 —ot
(C) F(S) - S+2 s+6 t oo s+9’ f(t) — (7e 3 € + 21 € )u(t)
1 3 1 1 3
42. (a) G(S) E T 2s+1 | s3+48s2+16s 35 2(s+0.5) = s(s+4)2 -

Applying method of residues to the third term,

> =i;—H =23 = —2 5o that
(s+4)? 16 * ds Lsllg=—4 16’ slg=_4 4
G(s) _1 1 3 3 __3 4

35 2(s+0.5) | 165  16(s+4)  4(s+4)?
1 _ 3 _ 3 —
~ g(t) =Eu(t) —-e 05ty (t) — —e Ty (e) — ~te u(t) — 6(b)

3 1 24

0)G(s) ==+ 7——=

S 102552 3s+5  5%(s+2)
8

Applying method of residues to the second term,

4 [2—4] = —6; il =12; —2 = 6 so that
ds Ls+21llg—¢ s+2lg=0 sélg=—»
G(S) :;_E_FE_}_L

3(s+1.667) s s = s+2
5 g(t) == e 10070 (t) — bu(t) + 12tu(t) + 6e 2 u(t)

(6() = = = 2| =~ ]

s+a (s+a)?

~ g(t) =Re~"u(t) — 2ate”"u(t)

43.(a) F(s) = G +4)2 + S% - S+—2 f() = (24te™*t + 6e~* — 6e~2D)u(t)
b)F(s) =3 +=—— 2L 2L

4 (s+5)2 8s+5 4 s+7
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f(£) =38(8) + (T te™5t —2e75¢ — LTy ()
() F(s) =2— S+100 = f() = 25(t) (€199 4 cos (106))u(t)

(d) [f (&) = > tu(t)

1 2

S
44.@606) = m = G~ o

~ g(t) =tte” “u(ﬂ-—t‘ ‘“u(ﬂl

(b) G(s) = (s+1)4(s+1)2 - (s+1)6
1 —
"g(t)'_TEEtSe fu(t)
1 252
(@ GGs) = Teroierer s T
Using Matlab to perform the partial fraction expansion of
1
s2(s+4)2(s+6)3
>>N = [1];

>>D =poly([00 -4 -4 -6 -6 -6]);
>>[r, p, k]=residue(N,D)
r=
0.0081
0.0093
0.0069
-0.0078
0.0078
-0.0003
0.0003
p =
-6.0000
-6.0000
-6.0000
-4.0000
-4.0000
0
0
k=
(]
>> rats(r)
ans =
7/864
1/108
1/144
-1/128
1/128
-1/3456
1/3456
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1 1 1 1 1
G(s) = s2(s+4)2(s+6)3 25+9 = 325652 34565 | 128(s+4)2  128(s+4)
1 1 7
—25+9

144(s+6)3 = 108(s+6)2  864(s+6)
2 g(0) =——tu(t) — ——u(t) + —te*u(t) - —e~*"u(0) +

3456 3456
1 s2,-6t L o6t 7 -6t _ 5, d5®
—ate u(t) + —te u(t) + i u(t) — 2 ——t 96(t)

(d) MATLAB Verifications

>>symsts

A=s/(s+2)"3;

B =4/((s+1)"4*(s+1)"2);
C=1/(s"2*(s+4)"2*(s+6)"3);
a = ilaplace(A)

b = ilaplace(B)

c = ilaplace(C)

a=t/exp(2*t) - t"2/exp(2*t)

b =t"5/(30*exp(t))

c =t/3456 - 1/(128*exp(4*t)) + 7/(864*exp(6*t)) + t/(128*exp(4*t))
+t/(108*exp(6*t)) + t"2/(288*exp(6*t)) - 1/3456

45.

46.

5(sI(s) — 1(0)) — 7(s2I(s) — s1(0) — I'(0)) + 9I(s) = 3

S

(a

(b)
m(s?P(s) — sP(0) — p’(0)) + ur(sP(s) —P(0) + k f_oooo e S'P(t)dt =0

(c) ls4nP(s) — AnP(0) = %f_oooo Anpe~Stdt + G—:

o

v(07) = 1.5V;ig =700 u(t) mA

(a)Writing the differential equation from KCL, we obtain,
. . . v dv

ls=lR+lC=E+CE

0.7u(t) = 0.5v + 2%

dt

(b)Taking Laplace transform, we obtain,
27 = 0.5V(s) + 0.5[sV(s) — v(07)]

S

T = 0.5V(s) + 0.5sV(s) — 0.75
(cV(s) = ’ :

5s(s+1) ~ 2(s+1)
Applying method of residues to the first term,

7 7 7 7
==, = = —- so that,
5(s+1) s=0 5 5slg=—q 5
7 7 3
V(s) = -

5s 5(s+1)  2(s+1)
~v(t) =fu() +—e~u(®) vV
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1
47.Zeq = —,
4s+1 5
V(s) =1(s) xZeq = Gr?

w(t) = 2te~tu(t)

2 1

48.i(07) = 5 A;V(s) = (5 —)V

s+1

(a)Writing the differential equation applying KVL, we obtain,

) Ldi
v(t) = iR+ e
. 0.2di
v(t) =4i+ T
Taking Laplace transform, we obtain,
2 1 e
P 4](8) + OZ[SI(S) - l(o )]
10 5 5
I(s) = s(s+20)  (s+1)(s+20) ' s+20
Applying method of residues to the first and the second term,
10 1. 10 __1
s+20lg—g 27 sle=_p0 = 2
S —_5 .5 -5
s+ilgz—p0 197 s+20l5-_1 19
so that,
1 T 5 5 5
I(s) =5; - 2(s+20)  19(s+20)  19(s+1) ' s+20
i) =X I81 20t _ 2t
(b) ~ i(t) —zu(t) +e u(t) i u(t) A

49.V(t) = 5i(t) + 5 [ i(t) dt,

2 1
5s5+1

I(s) =

)

2
i(t) = Ee_tu(t)

50.v(07) = 4.5V;Vs(s) = ilv

S+

(a)Writing the differential equation applying KVL, we obtain,

v(t) =7/

_i(E)dt’' +i(H)R

vg(t) = 5[ _i(t")dt' +5i(t)
We can write, 5 [*_i(t")dt' =5 [°_ i(t)dt' +5 [,_i(t")dt’
t

=v(0—-)+5 | i(t)Hdt

0—
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2e tu(t) =v(0—-)+5 ft i(t"dt' + 5i(t)

(b) Taking Laplace transform, we obtain,
— = 51(s) + =+ 2I(s)

I(s) = 0.4s — %
~i(t) =04 %9 d‘“” — 0.9 e tu(t) A
51.Zeq = 11'5555
450
V(s) =

w(t) = 450e‘0 67ty (t)

52. The function for the plot in Fig. 14.18 is given by
f(t) =6u(t—1.6) + 6u(t —3) — 12u(t — 4.6)
~ F(s) zg (e~165 4 g=35 — 2@ —465)

53.(a) D(s) = s3 + 13s% + 47s + 35

s3|1 47 10
sz |13 3510
s {443 |0

1 (35

Stable

(b) D(s) = s®+13s%+ s+ 35

s3|1 |1 |0
s2113|35|0
s |-x |0

1 |35

54.(a) D(s) =s>+3s+8

s? |1 8 |0
s |3 0
18
There is no sign change. Therefore, the system is

D(s) =52 +3s +8= (s — 15+ 22 (s — 1.5 - 22

Since the poles lie on the left hand plane, the system is stable.

(b)D(s) =s?+2s+1

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights
reserved.



Engineering Circuit Analysis  8th Edition Chapter Fourteen Exercise Solutions

sz |1 1 |0
s |2 0
11
There is no sign change. Therefore, the system is
D(s)=s?+2s+1=(s+1)?

Since the poles lie on the left hand plane, the system is stable.

55. f(0) = limg_o[SF(5)]
(a) £(0) =2
(b) £(0) =2
(c) £(0) =
(d) £(0) =

56. (a) f(t) = u(t — 3); F(s) = %e‘“
f(0) = limg_, o [sF(s)] =0
(b) £(£) = 2e~EDy(t — 2); F(s) = ﬁe-zs
f(0) = limg_, o, [sF(s)] =0
(0) f(t) = “2HOL, F( ) =S 4o
f(0) = lims—»oo[SF (s)] =
(d) f(t) = sin5t e‘tu(t); F(s) =

f(0) = limg,o[sF (s)] =55

5
(s+2)2+25

57.(a) f(o0) ==2

(b) f(e0) =0

() f(o0) =2

(d) f(e0) =0
58. (a) 5+18

f(O0+) =limg,,[sF(s)] = limg_, e [ﬁ]
f(20) = limg o [sF (5)] = limy [ 7] =0

(b) 10 (— +2)

f(0+) =limg,,[sF(s)] = limg_, [105 (lz + is)] =
f(o) = llms_,o [sF(s)] = limg_,, [105 (S—z is)] =[c0]

+18

(©) Fosees s3+852+4s 2
FO4) = limg o [sF(5)] = lims [s (gmgs)] =1
. 3 2_4
f(o0) = limg_o [sF (5)] = lims-g [s (G )| == 1
s2+2
(d )s3+352+5$
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59.

60.

61.

62.

63.

64.

F04) = limg,o[sF(s)] = limg e [s( s2+2 )]

s3+3s2+5s
. _ s*“+2
f(e0) = lim[sF (5)] = lim [S <53+352+55>l -

(a)f(0) =M} f(c0) =M
(b)f(0) =0, f(c0) =Nal
(c)f (0) =3, f () =00

1
(@) 5
Here, the pole lies on the right hand plane, so the final value theorem
is not applicable.

() 10

s2—4s5+4 (s 2)2
Here, the poles lie on the right hand plane, so the final value theorem
is not applicable.

© 13 . 13
s3-552+85—6  (s—3)(s%2-25+2)

Here, the poles lie on the right hand plane, so the final value theorem
is not applicable.
3 3

(d) 253-10s52+16s—12 - 2(s—3)(s2-25+2)
Here, the poles lie on the right hand plane, so the final value theorem
is not applicable.

yo
stz .
@I=— =7=8:
4 14 .
( )I_s(s+2)R_7_ZS'

(@ F(s) =5
f(O+) =1limg_4[sF(s)] = limg_,. [g] =16

Here, the pole lies on the right hand plane, so function has an
indeterminate final value.

(b) « f (&) =[16eu(®)

(©) ic(t) = €= = 2(~16)e~* ==32e""A
if only i(s) applies to the circuit, Zeq = zz:g c(s) = E(s+3 P
if only V(s) applies to the circuit, Zeq = 15—0 +3,1c(s)" = @Si

solc(s) = Ic(s) —Ic(s)”,
then fic(t) = (ge‘3'33 —3e % = 2.5+ 25e"*)u(t)

is(t) = 2u(t + 2) A; I4(s) = §
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(@) vs(t) = 2u(t) V; Vy(s) =§

ZRl = 1,
7 = 1 10
¢ sCc s’
ZRZ = 2 5
Applying principle of superposition in the given circuit, we obtain,
(o) = 1 (Gre t 2 1 Z0a) V()
¢ S ZptZ Zpyi+Zo+ Zgy
10 2
_2 (2+%) 5
s 10 10 10
(2+5+1)(2+5) 2+ +1
=0
ic(t) =04
1

(b) vs(t) = te tu(t) V; Vg =

T (s+1)2
Applying principle of superposition in the given circuit, we obtain,
_ ((Zr2+2)11ZR1) Vs(s)
le(s) = L() =4 "z Zri+Zc+ZR2
10 1
_2 (2+?) 1 G2
- 10 10 10
s (2+24+1) (245) 24041
N
35410 (s+1)2(3s+10)
2 1

1
T 3s+10  (s+1)(3s+10) = (s+1)2(3s+10)
_ 2 . 3 1 3 9
3s+10  7(35+10)  7(s+1) 49(s+1) = 7(s+1)2 = 49(35+10)
128 10 1

147(s+13—0) 49(s+1)  7(s+1)2

Lo _f12s JIE 10 1 _t)
-Lc(t)—(147e s — e tote u(t) A

65. (a) i(0) = lim_,,, sI(s) =64
(b) v(0) = limg_,y s2I(s) =0]
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1. 11=2A, R1=4, L1156, v1=[3
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2. R=100,C =500mF, I, =3A

t=0"
Ve (0) =V, (07) = (0) =0

R=10Q,Z_ =1/500x10"s
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3.V1=3-2+2 R1=27,11=11s5,V2 = —1.1i(0)

(@) 1(s) = —2— Ji(t) = (0.94e~* — 1.68e~%%% + 0.74)u(t)

2.7+1.1s

(b) I(s) = =22 [i(t) = (0.94e~¢ — 3.68e %% + 0.74)u(t)

2.7+1.1s
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4. R=2.7Q,L=11H,v, =1.5¢"u(t) + 2u(t)V

(a) i(0)=0
Vo) =242
s+1 s

R =27Q,L =11s,V, =-1.1i(0")

-(:El: Edit Hierarchy View Simulste Tools Window Help ] E‘E‘
BB F0|acar gl Bn% sR208A8 @2+ IDR0D iy

4, Untitled

15,2
|(S)= V1 _ s+1 s _ 35(S+057)

R+sL 2.7+1.1s 1.1s(s+1)(s+2.45)

V(s)=1isi(s)= 35C+08) _ A B
' (s+1)(s+2.45) (s+1) s+2.45
A= M| _,=-1.0345
(s+2.45)
B= M| o p45=345
(s+1)

_1'0345+ 4.5345
(s+1) s+2.45

v(t) =[ -1.0345¢™ +4.5345 Ju 1)

V(s)=
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(b) i(0) =3A
¥, Fle Edt Hierchy View Simulste Tools Window Help = E‘E‘
|PE ET 40 Q0aR RIS $DEMOE LD+ YDYUOD i1k P |

4, Uniitled

15 2 4
I(S)=v1+3.3=Q+gJr © 335" +6.85+2

R, +sL 2.7+1.1s 1.1s(s+1)(s+2.45)
V(S)_l1S|(S)_33_—4.5853—6.085_ A, B

' T (s+1)(s+2.45) (s+1) s+245
_—4.5853—6.085| _ 3551

(s+245) 't 7
g _ 45858 —6.085|S=_2.45= 10345

(s+1)

3551 -1.0345

V)= (5+1)  s+2.45

v(t) =[ -3.55%e" —1.0345¢ *** Ju(t)
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174 Z_ye
_5c s o
5. 1_5+2+ s 0

10s+2
S+3

(@)[Ve(s) =

(b) ve(t) = 31.2e 313ty (t) 4+ 105 (1)

(c) vi=2u(t)

4
LWL | VNN
20 o
I Y
O I T 1 111 >
ZC}ZZZZZZZZZZZZZZZZZZZ S
PR S S
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6.1,(0)=0,v.(07)=0
R,, R, Will remain the same in the s-domain

C —>1/Cs=500/s
L —sL=30x1073s

BED]

4, File Edit Hierarchy View Simulate Tools Window Help

|BE HITF QAR EIERE IR2OMNOE LD+ ¥D¥7€?OGG:’§AA=P|

4, Untitled
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7.Z5 = 0.55 +3.3|| 5 =0.55 + ——
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8. Find input admittance Y(s)

4, File Edit Hierarchy View Simulate Tools Window Help BE0|

(B HIRFOQOCAREIERE IR2OMNOE LD+ ¥D¥7€?OGG:’§AA=P|

4, Untitied

Zeq =717,
Z,=47+1.7s
Z,=15+3/s
47+1.7s)(1.5+3/s
Zeq=21//22= lez — ( )( )
Z,+Z, (4.7+1.7s)+(1.5+3/s)
_ 2.55s% +7.055+19.2
& 1.75* +6.25+3
2
qu =1/Zeq _ 1.725 +6.25+3
2.555° +7.055+19.2
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ZZZZZZZZZZZZﬁﬁﬁﬁﬁﬁ'{]_ﬁg'gﬁﬁﬁﬁﬁﬁﬁﬁ]\?_f_ﬂﬁ)ﬁﬁﬁﬁﬁZZZZZZ
............................ I I DU
I I I
ZﬁﬁZZZZZZZC)ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ
.......... e
2is+9). W [ N A
:ﬁﬁﬁ:(?fﬁ}ﬁ::: - R
I T T T CF
o Mes
e 1
.......... fanaa
e T T T T e
::::::::::::‘“:_:::m::::::::::::::::::
ZZZZZZZZCjZZ ..... U.....ZZZZZZZZZZZZZZ
........ T e T T T T T T T T
fge2y. Mo 0 oo - T
::2:[32:}::::_:::::::::::O:S:S::::::::::::g!‘.‘:::::
SRS RS TSI <1 O
0.1 =+,
(b)Is = =22 —— Vs =Is % 0.25s =*=——x (.25
0.25+1000 0.25+1000

() () = 0.16(¢) — (498e 5990t — 0.0008e ~2t)u(t)|
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10.

L1 L2
1 100mF 1.7H
R4
_ R2 .
2 4.7

47

Cc ﬁ
T333mF

z,=10//(10/5)= -2
S+10
Z, :Zl+§:133+3
s s(s+1)
Z,=17s+4.7
2,=2,11Z,
13(s+3)(L.7s+4.7)

" (135+3)+s(L7s+4.7)(s +1)
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2 421 +301-13)=0
s+1 S
(c) 12+ 0.5s(i2 —i3) =0
—2+313+40.55(13 - 12) =0
i1 =(2.9e7%67t — 0,615t — 2eHu(t)
(d) i2 = e 1Sty (t)
i3 = (1.33 — 0.33e~>)u(t)
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12.
R2
a V3
C1 L1
| /_6 6 \ _< I |
|
2/ 0.5s
Cj’ 1. 4s | 0,025 V2
2/s+1 -4/s+1
Mesh 1:
-2 2
S—+1+§|l+3(|1—|2)=0
Mesh 2:
3(1,—1,)+[0.55(1, -1 )+(—o.025)]—_—4=o
2 h 27 13 s+1

Mesh 3:

—(-0.025) +0.5s(1, - 1,) +1(1,) =0

. 2(3s% +4s)

P (s+1)(3s+2)

- 0.025(360s° +963s —318)
? (s+1)(25+3)(35+2)

~ —0.025(-360s° — 231s” +175s + 6)
(s+1)(25+3)(3s+2)

l5
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i,(t) =25(t)—2.67e % +2¢e™

i,(t) =1.55(t) +1.4625¢ % 3.2 " 4 ¢!

i, (t) =1.55(t) —4.3875¢ 1 +1.6e7 0" —¢™*
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2 3
\"4 Vx+= Vx—=)s
13.(a)—"+—5+( g =0
5 0.8s 4
(b) Vx = 1552-50
T 55344524255

wx(t) = (5(cos2.27 — 0.036sin2.2t)e %4 — 2)u(t)|

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 8™ Edition Chapter Fifteen Exercise Solutions

14.
V1 ?f
" B sis
R3
1
2u(t) 2/s
At node 1
2_V, V) 2 v (VW)
s 1 5/s s 1 5
At node 2
§:V_2+M:>§:ﬁ+(vz_vl)s
S 2s 5/s s 2s 5

>> eqnl='(V1/1)+(V1-V2)/(5/s)=2/s";
eqn2="'(V2/2*s)+((V2-V1)*s)/5=5/s";
solution=solve(eqnl,eqn2,'V1','v2');
V1=solution.V1

V1=

24/(s*(s +7))

>> vl=ilaplace(V1)

vl=

24/7 - 24/(7*exp(7*t))

>>V2=solution.V2
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V2=
(2%(7*s + 25))/(s"2*(s + 7))
>> v2=ilaplace(V2)

V2=

(50*t)/7 - 48/(49%exp(7*t)) + 48/49

o %
s(s+7)
_2(75+25)
s (s+7)
24 24 _
W =S-Se
0= B, 3
Y2 290 a9
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4 Vi, (V1-V2)s

s+1 1 5
15 v2  (V2-V1)s _ 5
2s 5 -
18s2+105+20
Vl=————
50 253+352+65+5
’ 1852+60s+50
V2 =—F——7—7""—
253+4352+65+5

14 13 V39t 11v39 V39t\ 1
vl(t)=(?e‘t+<169cos< 2 )— 169 sin( 2 >§e‘0'25t>u(t)

_ v1(e)?

= v1(t)?

P
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16.
R1 Node1 R2 Node2
1.5p(t) . . 2 o M -
¢t R3 _2.(t)_
-—POO-mF 3 A
R5
15/5 C2' 13 9 . 12
V2 25Is | | 3 o 2Is
800mA
At node 1:
VimLSTS goow10 42V, Vi
2 s.5/s
At node 2:
V. VoV 2
3 2
_ -0.25(8s-15)
P s(s+l)
_ 0.15(8s+31)
27 s(s+1)

v, (t) = 4.65—3.45¢™

V2, (t)  (4.65-3.45¢")?
R 3

P=

Solving in Matalb:

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 8™ Edition Chapter Fifteen Exercise Solutions

>> eqnl='(V1/(2.5/s))+((V1-(1.5/5))/5)+((V1-V2)/2)=-800e-3'
eqnl =
(V1/(2.5/5))+((V1-(1.5/5))/5)+((V1-V2)/2)=-800e-3
>> eqn2="(V2/3)+((V2-V1)/2)=(2/s)’

eqn2 =

(V2/3)+((V2-V1)/2)=(2/s)

>> solution=solve(eqn1,eqn2,'V1',V2');

>> V1=solution.V1

V1=

-(0.25%(8.0*s - 15.0))/(s*(s + 1.0))

>> V2=solution.V2

V2=

(0.15%(8.0*s + 31.0))/(s*(s + 1.0))

>> v2=ilaplace(V2)

v2 =

4.65 - 3.45/exp(1.0*t)

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 8™ Edition Chapter Fifteen Exercise Solutions
3_ V1 n (V1-v2)s V1= 30s*+100s3+270s2+600
17 s s 10 so T 2554+55441853+2052+40s
T vz (v2-Vi)s V2 = 30s3+100s2+320s
s2+4 25 10 T 25%+553+1852+205+40
then

e—1.25t)u(t)

300 289 105 V55t 59v55 . (+/55t)) 1
vx(t) = v2(t) = (FCOSZt+FSln27—(ECOS( ” )+ a1 sm( " ))E
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18. (a)
13
: 2ls
(b)
At node 1:
2 NV, Ly 4
S S
At node 2:
0= V, -V, Vv, V, -V

8™ Edition Chapter Fifteen Exercise Solutions

+ + 3
2.22
2 A 4

0:__\/1+ §+i VZ_\é
2 4 222 4

At node 3:

V3 _Vz

Va
%4

0.1V, =
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From eq. (1)
4
V,=—+V,
S
0.6

from3)=>V,=—V
®) S

2
e

1 s 015

2 222 s+1
Solving in Matlab:
>>syms s;

>>V2=(2/5)/(0.5+(s/2.22)-(0.15/s+1));

>> v2=ilaplace(V2)

V2 =

(8*28497(1/2)*exp((111*t)/200)*sinh((3*28494(1/2)*t)/200))/77

>>V1=(4/s)+V2
V1=
4/s - 2/(s*(3/(20%s) - (50*s)/111 + 1/2))

>> vl=ilaplace(V1)

vl=

(8*¥28497(1/2)*exp((111*t)/200)*sinh((3*¥28497(1/2)*t)/200))/77 + 4

>>V3=(0.6/(s+1))*V2
V3=
-6/(5*s*(s + 1)*(3/(20*s) - (50*s)/111 + 1/2))

>> v3=ilaplace(V3)

v3 =

2664/(1777*exp(t)) - (2664*exp((111*t)/200)* (cosh((3*28497(1/2)*t)/200) -
(311*28491(1/2)*sinh((3*28497(1/2)*t)/200))/8547))/1777
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_6(0.45+0.225) | 1333
2 + (u
s2+4

1-12)+2(I1-13)=0

0.00571 + 0.001s(I2 — I4) — 0.001 + =2 (12— [1) = 0
19.
=2 (14— 13) 4 0.001 + 0. 001s(14 —12)=0
1000
203 - 11) + == (13- 14) + 57— =0

n=- s2+4

2345%-10853-3.1x101%52-6.2x10135-3.6x1013
T 1AX1055%43.3x10753+6.7x101052+1.3%108542.7x 1011

|
{

270sin2t|

so, |i
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20.
V-4 _
5V, +3V, + i A —+ Vi VZ_G =
100+1/600x10"s 1/500%x10"s
Vz _Vl —+ V273 :5\/2

1/500x10"°s 2x10"°s

140

V. =
> 5(5x10°s® +18.34x10°s —4.99x10*
v, (t) = 0.0027998e%#"*! 1. 0.208x10 e _0,0028

(a)

V,(Ims) =8.14x107°

(b)

v, (100ms) = 5.686 %10
(c)

V,(10s) =7.717x107°
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_ 1252
" (s+1)(s+2)(34s2+475+30)

21.\Ueq

12(34s + 35)
3452 + 475 + 30

Zeq =
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22. (a) =20
Transform the voltage source and 20Q into current source
S
I =
©20(s+1)(s+2)
2, =200/ /gs = 008
20+8s
8s’
V,(s)=1,(5)Z, =
() =L)%, (s+1)(s+2)(8s+20)
7, -7,+14= 209 14
20+8s
| _V,(s) 8s?
*Z, (2725+280)(s+1)(s+2)
12(2728 + 280)
2,=2,1182/) =
=2/ 107) 12(8s+20)+5s(272s+ 280)
965>
3= |223 =
(s+1)(s+2)[12(8s+20)+5s(272s+280)]
I(s)= Vs ,Z =2Q
Z+7,
1(s) = 965 5 1
(s+D(s+2)12 (85 + 20) +S (2725 + 280)] 12 (2728 + 280)

" 12(8s +20) +5(2725 + 280)

(b)
V.

I(s)=—2—,Z=1/25Q
Z+27,

1) 96s°

1

" (s+1)(s+2)[12(8s+20)+5(2725+280)] 1

12(27

25+ 280)

25" 12(8s+20) +5(2725 + 280)

()

I(s) = Va Z :s+i+39

Z+7, 2s

1) 9652

1

S+ —+
2s

" (s+1)(s+2)[12(8s +20) +5(2725+ 280)] - ( 1

3)+12(

12(272s +280)

85 +20)+5(272s +280)
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_ 10(3s+4) | _ 5(s+4) |
23.(a) Ueq = 5(18524245+5)’ 1852424545’
2(155+46 155+46
(b) Ueq = (§<i12 ); Zeq = S(§¢i12 :
( ) Ueq = 2(65+8) __ 65+8
¢ 9= SEst6)’ "~ 3546
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24,

R2

R1 4 Cc1

2 T
L1. 1/1.25
3s

_?4+2(I +1.)+(4+3s)(1-1.)=0

3 1
(4+—)(I —1)+1; xﬁ=

0

4(4><10338+3 83><1033)

~ 5(1.85x10%s+1.7x10%)
4(4x10335+3x1033)

 5(1.85x10%s5+1.7x10%)

i. (t) = 0.15898e °***' 10,706

i(t) = 0.902 — 0.037 %9
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17.5 6.55
25. (a) Ueq = 1.3+5’ Zeq = 1.3+
350 1050 13t
b)[s = —F——==,i(t) =——u(t)(1 —ess
(o) s = o 10 = e - e0)
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26.
R2 -
1 A
y .
1.5/s+2 - o~ 10
v, =351, =22
S+2
R1  R2
V2 3.5 3
T R3
SR 10
' Vs

-V, +6.5(1 +1,)+5sl -5=0
—5+5(1,—1,)+101, =0

| _ 0.25(20s’ +865+113)

” (15s +26)(s +2)

i, () =1.5e™" +0.335(t) —1.3125¢ ™
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31.
Zero Pole
(a) 0 -12.5
(b) 0,-1 -5, -3
(c) -4 -1, -7
(d) 2,-1 0,-7,-1
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32.

(a) s+4
Zeroats=-4
Pole at ©

(b)

25 _ 2s
s?—8s+16 (s—4)(s—4)
zero=0
ploes = 4,4

(c)

4
$°+8s+7

poles

s=0.4044+ j2.9139
s =-0.8089
s=0.4044 - j2.9139

(d)

s-5 S—5
$—7s+6 (s+3)(s-2)(s—1)
zero
s=5
ploes :
s=-3
s=2
s=1
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33.(a)

(b) ‘s=0, s=-4, s=-1, s=-3, s=-5

(0)=2,5=2;

(d) ]s:l, s=-1, s=6, s:—6\

»
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34,
C1 C2
| I
| Ll
C 1/Cs
R1
Cvin T pveut ML T Vouts)
(a)
H (S) — VOUt (S)
Vin (S)
0= Vout (S) Vout _Vin
R 1/sC

0= \%(S) +sCV,,, —sCV,,

sCV,, =V, (% +sC)

\ﬂ_ RCs

V., 1+RCs

n

(b)

Zero
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35. (a) for circuit a:

Vout _ Vin — Vout = Vout _ 1

R sL Vin £+1

for circuit b:

Vout Vin—Vout 1
= H

Ls R ’ R
1+ <l
(b)
Zero Pole
(a) 0 -R/L
(b) 0, -R/L
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36.

C2

4/s

Z. (s)=0.55+3.3//(415s)

Z.(s) _0.554 53%(4/35)
33+ (4/3)
2
Z (s)= 1.65s° +25+13.2
3.35+4

Critical frequencies are the poles and the zeros

poles

s=-4/3.3

Zeros .

s, =—0.6061+ j2.7627
s, =—0.6061— j2.7627
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26505+120 1
(17s+47)(333s+200) 5

37.Y(s) =

zeros: s=-0.3285, -5.3774

poles: s=-47/17, -200/333|
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S
38. H(S) = 5———
S°+8s+7

(a) v, (t) =3u(t)vV

Vout (S) =H (S)Vin (5)
S

3
V(s)==V ()=
n(S) S ou ) s2+8s+7

3
X —
S

3

Vo (S)=——m—
o (8) s +8s+7

(b) V;, (t) = 25¢*u(t)

25
Vi (s) = m

Vout (S) =H (S)Vin (S)

25s
V_ (s)=
o (9) (s+2)(sz+85+7)

(©) V.. () = 4u(t +1)

V,.(s)= 4><1><eS = ﬂeS
S S

Vo (8) = H(S)V,, (s)

B 4¢°
Vou(8) = (32 +8s+ 7)

(d) v, (t) = 2sin(5t)u )

10
s2+25 s2+25
Vo (8) = H(S)V,, (5)

10s
52 +25)(s2 +85+7)

V. (S) =2x

Vou (s)= (
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39.H(s) =s+ S
) - S2+235+60

2(s3+2352+605+1)(25+1)

(@) Vin = §+ 4,Vout = H(s) *Vin =

s(s+20)(s+3)

‘S:O’ S:-ZO’ S=-3; S=‘O-5‘

5 _ 5(s3+23s24+605+1)
(b)Vin = s+1’ Vout = (s+20)(s+3)(s+1)
5=-20, 5=-3, 5=-1

.4 _ . 4(s®+23s2+60s+1)
(QWVin = o Vout = Hs) x Vin = < s oy
5=-20, 5=-3, 5=-2

(d) Vin = 510 ——

(s+10)2+25’

5=-20, 5=-3, 5=-5, 5=-15, 5=-10
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40.
C1
R1 -
100 25/s
' R2
L1 _
75
50s
Z, =75+ 2
S
Z, =100+50s
(100 + 505)(75 + 25)
z =2,117, >

100+508+75+235

S, (100+50s)(75s+25)
n 2255 + 25

Zeros:

s, =—100/50 =-2
s,=—25/75=-0.333
Poles:

ls=—25/225=-0.111]
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41. x(t)=u(t), y(t)=u(t-1);

So, x(t) * y(t) = f_toou(t)u(t —z—1)dz

When ]t<1, X(t)*y(t)=0; when t>1, x(t)*y(t)=t—1‘
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42. (a) X(t)*x(t)

y(t) = x(t) *h(t) = Jt. X(z)h(t—z)dz Equation (11)
t<0

x(t)*x(t) =0

t>0

X(t) = x(t) = j-(lxl)dz =t

To check in frequency domain:
1

X(t) * x(t) = X(s)x X(8) ==
S

(X2 ()= {Siz} =t
(b) y(t)*o(t)
y(t) =3u(t-1)

y()*5(t) = [ 5(2)y(t—2)dz
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( 0,t<0
10t, 0<t <2
43.|f(t) = 20,2<t<4
LlOt—ZO, 4<t<6
40, t>6
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44,

h(t) = 2e*u(t)
x(t) =u(t)-4(t)
y(t) = h(t) = x(t)

(a) convolution in the time domain

t

h(t) = x(t) = [ x(2)h(t—2z)dz

t<0=y(t)=0
t>0

t

y(t) = j [u(z) - 5(2)](2e " ?dz

(b) y(t) = {X(s)H(s)}

2
0=
X (s) =E{u(t)—5(t)}=%—1=1_Ts

B _1-s 2 _20-5) A B
Y(s)=X(S)H(s) = S s+3_s(s+3)_3+5+3

a2p B
3 3

S sS+3

yt)=0" {Y(9)} = {% —%e‘st } u(t)
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55+20
s+9

45.7 =

Vin =Vaoutl
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46.
R1 R2
. 2 |C1 ' 2 Cc2
an T Zin(s)
250mF 4ls
7 Ryl _RCs#1
Cs RCs
z, :2+ﬂ: 2s+4
S S
S=o0+ jw
. _2(o+jo)+4
" o+ jo
20 +4) +40°
7, |- 124
Jol + o
(20+4)
s=o=(z,[=
(o2
2
S= jo=z,|= Y04
w
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47. (a)

(b) Z(0) = —w? + jw,

1Z] = wVw? + 1

(©)Z=(0%+0—w?)+2jow|Z] =+/(0%+0—w?)?+ (2ow)?
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48.
(@) s(s+4)
(s+5)(s+2)

Zeros:s=0,s=-4
Poles:s=-5,s=-2

H = tf([1 4 0],[1 7 10])
sgrid

pzmap (H)

Transfer function:

sh2+4s

sh2+7s+10
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Engineering Circuit Analysis 8" Edition

s—1
s +8s+7

Zeros:s=1
Poles:s=-1,s=-7
H=tf([1 -1],[1 8 7])
sgrid

pzmap (H)

Transfer function:

s"2+8s+7
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) s?+1
s(s® +10s +16)

(c

Zeros:s=i\/—1=4_rj
Poles:s=0,s=-2,5s=-8
H=tf([1 0 11,[1 10 16 01)
sgrid

pzmap (H)

Transfer function:

sh2+1

s"3+10sM2+16s
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Engineering Circuit Analysis 8" Edition

>
s2+2s+5

Zeros:s=oo
Poles:s=-1+2j,s=-1-2]
H = t£([5],[1 2 5])
sgrid

pzmap (H)

Transfer function:

s"2+2s+5
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_ k(s+2)
49. H(S) T s2425+5
5 5+2
(@) H(0) = LH(s) =355
25 5+2
(b) H(O) - _S'H(S) T 42545
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50.
R1 R3
5 c1 5
- ZA _ R2 —  ZA
R C

R+5)+5RC
zA:(R//%S)+5=( +Rc)s++1 >

Zero:(R+5)+5RCs =0
. —(R+5) _ 10
5RC
(R+5)+5RCS

20+Z2, =20+ rCs 1
S+

_ 25RCs+R+25

~ RCs+1

s _~(R+25)
“l0 " 2BRC
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51.

S+2
S24+25+5

L N jo+2 )| = 100 |—@+t
(b) H(](A)) =100 —w2+2jw+5’ |H(](l))| =100 w*+140w?+25

(e)

(@)|H(s) = 100
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e (4+§)11+25(11—12)—2 =0
212 +2s(I2—11)+2 =0
= 3sz+s3s+1 . _ 2 V3t) _o.st
So, PO and i2(t) = —Zcos (T)e

352+3s+1
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54,
C1
- [ -
I
& Ry 1/Cs
R
Vab '
%
|l
V2 Rz 1/Cs R2 V3
R
Vab 2R2/s
Z,=R,+1/Cs
2R, R
® s TR+Z,
2RR,C

14 (CR, +CR,)s

Natural frequency in Vab:

e 1
~ (CR,+CR,)
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25%4+165+16

55.lin=——
253+13s%2+12s

1

252+13s+12
2s%+15s=16

12(s) =
I11(s) =Iin —12(s) =

Soli2(t) = 0.12¢~11F — 0.12¢~53%

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.
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6. H(s):VO%

(a) 5(s+1)
Zero at s=-1

Fig. 15.43 (b)

1
H(s)=-R,C,(s+——
©=-RC+ )

RC,

R, =100kQ| = |C, =104F |
H(s)=-R,C,(s+1)=-R,;10x10°(s+1)=5(s+1)
~R,10x107° =5=|R, =50kQ

Zero.s= =-1

Vin
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56. (b)

5
H(s)=——
(s) s+1

pole:s=-1
Fig15.43(a)

H(s)=- /]{Qlcf

s+(%?fcf]
pole:—}/Rfo =-1

R, =100kQ
1
C,=—=|C, =10uF
Rf
=5=[R =20kQ
1~ f
R2
Rf
C1
.
. / S 4>._
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56. (c)

s+1
H(s)=56——=
(s)= <12

Pole:s=-2

=2
}/RfACfA

R, =100kQ

1
C.=—_-
A 2%x100x10°

R 5
HA(S):— R1A A __2)(10 /RlA

s+( j_ S+2
}/RfACfA

Zero:s=-1

=1=[R, =100kQ

JReCe

Ces :%?15 —[Cc, =10uF

H, (s) =—RfBClB(S+}/R18C18)=—10><10_6Rf8 (s+1)

= |C, =5uF

R s+1
H(s) = HyHq () 2. oD
Ria (s+2)
RfB_ _
2.—® —5-[R_ =100kQ
RlA
2R,
R = g = 40K
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57. (a), cascade 2 stage of fig/ 15.43 (b).

Weget:H1=H2=—\/7(s+1)=—Rf*C1(s+ ! )

R1xC1

So, R1=1 kQ, C1=1 pF, Rf=1.41 kQ‘

(b) two stage of Fig. 15.43 (a)

1

RI-CF1 3
Stage 1: H1 = — =&t — _ :
S+——— s+500

Rf1xCf1

Then, (Cf1=1 pF, R1=333 Q, Rf1=2 Q

1

Stage 2: H1 = — =<2
StRFzecr2

s+100

Then, (Cf2=1 pF, R2=2 kQ, Rf1=100 Q
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\Y/ s+10*
58. H(s)=—*£ =5 :

V,  s+2x10
Pole:s=-2x10°

=2x10°
JRuCo
R,, =100kQ
1

=|C,, =5x10"F

C. =
T 2%10° x100x10°

S+[ j_ s+2x10°
%fACfA

Zero:s=-10*

%%15015 =1=[R, =100kQ
Cps =%04R =[C,, =10nF
1B
Ho(s)=—RCis (s + %ﬁs%) =—1x10"R (s +10)

R, (s+104)
R (s+2x10°%)

H(s) = H,(s)Hg(s) =2.

2.—® 5= [R,, =100kQ

2Ry
Ryp == = 40K

.'32,.; R4
100k
R R C|1 | : L_«Rf?\ i
il i ”hjw
+ o ;;;ka . o —f«“:;:' } } oo c2 = L
Vin ' 1D|LF Vout
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59. 3 stages:

Stage 1: Fig. 15.43(b); stage 2&3: Fig. 15.43(a)

Then, {Rf1 = 3 k)] R2 = R3 = 1k

{ClzluF {CszchzluF
r1 =200/ Rf2=1330
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VA
60. H(s) = Yo = _ 1
V. Z,

(a)

Z,(s) =10+ (10° /'s), Z, (s) =500

~500 _ -500s
10°+(10°/s) 10° +10°%s

H(s)=

(b)

Z,(s)=5000,Z, (s) =10+ (10° / s)

Hes) - —(10°+(10°/5)) :_2><10—4£

5000 S

10° +1035J

(c)

Z,(s)=10°+(10%/s),Z, (s) =10" +(10° / 5)
Zi  10'+(10°/s)

H(s)= —" =
() Z, 10% +(10°/ s)
10% +10%s
H(s)=———"—°>
() 10® +10°%s
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’

1. (a)|Q0=100; £=0.005

(b) (20=0.1, £=5

(c) 90=1000, £=5e-4

(d)Qo=1, £=0.5

u
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2.(a) ‘a =22.73e-3; wo = 61.54 rad/s; {=369e-6;f;=9.8 Hz; wy=61.54 rad/s‘

[ILc|

w, rad/s

w, rad/'s

angle(ILC)

w, rad/s w, rad’s

(U]
=]

w, rad/s w, rad/s

angle(lL)
angle{lC

w, rad/s w, rad/s

Note £V = 0° at wy.

Q
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3.|Y| = \/Riz+ (a)L - i)z

S0 1/12.3<|Y|<9.93,

Then 0.1<|Z|<12.3
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4.(a)jao =05

(b) Require |Z(w)]| =0.9 Zmax=0.9 R=0.9(5) = 4.5 or |Y(w)| =1/4.5 or

1o = b g joc] = JG) + (o - 22) =25

Solve quadratic equation to obtain: ‘wl =62.7 rad/s; w; = 159.5 rad/s‘
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5.Z(w) = (R1+jwL)//(R2 + (R3//(1/jwC))), where R1 =1 Q, R2 = 2 Q and R3 = 100kQ then

100e3 — 0.4w? + j(200e3)w
100e3 — 0.2w? + j2.2w

Z(w) =~

At resonance Z(w) is purely resistive. Set Imag{ Z(w)} =0 to obtain wy, or

40w? — 20e6 = 0 =jw, = 707.1rad]/s
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100e3 — 0.4w? + j(200e3)w
100e3 — 0.2w? + j2.2w

Z(w) =
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7.Y =sC+ 1075 +

|Y(wO0)|=6e-5,
(b) When Im(Y) = 0, (w0=707 rad/s
(©)

1+0.2s
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8. (b) At resonance, Z(w) is real and ‘Z(wo) =8054.4 Q

(a) When Im(Z) =0, |wo=707.1 rad/s

(c) Let source voltage Vs = 1£0°Volt be connected at input terminals.

Vs

Then, V = 140.014

%VS=VL

Maximum energy stored at wy is:

_1. 5 1,.2 _ 1. 5 1 2 _ cos?wot | sinfwet . &
we(8) + w,(6) =2 Cvg() + 5 Lig(t) =S Cvé() + 2L(f v, dt)? = 20005 T 20008 = 10

Total energy lost per period at wy is:

(P2n + Prooka)To = 44.4 x 107°

Maximum energy storedat wg

Therefore, Q, = 21

Q, = 1414

Total energy lost per period at wg
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5.06e—3
9.Q=—,
—+(5.97e—14) w
w
w0=4e6,

Q_max=10368.6
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10. wg=3162rad/s, R =

& = 47.43Q and B = wy/Qo = 210.8 rad/s

<=

(a) Z(3162) = Z(wo) = 47.43 Q)

R
V1+NZ2

(b) |Z(w)| =~ and argZ(w) = —tan"!N. So,|Z(3000) = 25.8257°/)

(c)|Z(3200) = 44.72.—20°1)

(d)Z(2000) = 4.3,85°1)

(d) ‘Z(3000) = 25.3258°0; Z(3200)452 — 20°0; Z(2000) = 3.3286°0
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11. |Y| =%\/1+Q2 (ﬁ—“’—o)2

w

(a)||Y|=0.3016, |2|=3.3156

’

(b)||Y|=0.0551, |Z|=18.15;

(c)|1Y]=0.0349, |2|=28.65

’

(d)|lY[=1/32.5, |Z|=32.5
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12.C=200 uF; R=80Q

(a)[argZ(2000) = £847)

(b)|argZ(3000) = ~282°

(c)|argZ(4000) = 273°|

(d)|argZ(4500) = £58°|

' : : : : :
1] SRR s A P .
+ : : ! ! :
: : + : : :
L e oo Frommemoeees poomeeneeeod e HERE T
By 70 fomnoomnoee fooeeoeneees dooemenmees besemenoenee oo R E—
= 1 1 1 1 1 1
m ] ] [ [ [ 1
S A
) MU SN S SN S _—
L i REREECEECE EEEEEREEEED
| | | | | |
1500 2000 2500 3000 3500 4000 4500
w, rad/s

(d)
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13. (a) B~1 kHz;
(b)

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 8" Edition Chapter Sixteen Exercise Solutions

14.(a)
(b)

(c) ‘Q =2.5;wl1=0.82rad/s; w2 =1.22rad/s;B=0.4 rad/s‘
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1L . 1
15.QO=E\E:7,soC=3nF,Z=R+](wL—R)

(a)[1zl=500kq)

(b) ‘Is = 10"2%¢0s(4.25 X 108t) + 1.7 X 10~ 6sin(4.25 X 108 * t) — 8 x 10711 x g=3%107"=¢
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16.QO=%\/§=7;soforQ0=5,R=141.4Q

(b)largZ(90K) = 2—82.9°,argZ(100K) = 2—82.8°, argZ(110K) = 2—82.6°|

(©Z =R+ j(wl—=)

argZ(90K) = £—87.7°,argZ(100K) = —87.5°,argZ(110K) = .—87.2°

lerror(90K) = 5.4%, error(100K) = 5.4%, error(110K) = 5.3%)
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¢ 1 . w w0
17.(a) Q0 = R\/Z =1.11,Y = E[l +jQ0 (&_?)]

So, |Y|=0.201,[|z|=4.97 Q
(b) Q0 =2 [£=0.894,Z =R + j(wL ——)
Q0 =~— [-=10894,7 = jwL ——
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18. Loop currentis [ = Lt#,where Zin=375+] (40) -

4><103)

Zin in real at resonance, so wy = 1000 rad/s
At resonance, I(w,) = 0.4 A.

. 0.4(4x103
j ( )

Vc is at maximum at resonance: Vc(wy) = — = |Ve(wy)| = 1.6 kV!!

This is a dangerous voltage!

1400 1
1200 1
1000 ]

£ 800t 1

600 .

400 .

1 1
300 940 1000 1050 1100
w, rad/s
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o ) 1
19.Zin=R + j(wL wc)'

w0=1.4e5; Q0=14.1|
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20.

(a) When R1 =0 then w0 = 3417 rad/s and “Z(wO)l =150 Q‘

(b)|12(700)| =21.7 Q)

(c)|12(800)| =25 Q
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21. (a) Xp=-3.3e3, Xs=-75.6,

$0/Q=0.15, Rs=488.9 ), Cs=69 pF|

(b) Xp=40, Xs=39.74

$0/Q=12.5, Rs=3.2 2, Ls=200 mH|
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22. (a) Xs(40) =-0.25, Q(40) = 0.125, Xs(80) = -0.125, Q(80) = 0.0625

For w= 40 rad/s, Xp(40) =-16.25,|Rp = 2.03125 Q, Cp = 1.54 mF‘

For w= 80 rad/s, Xp(80) = -16.25,

Rp = 2.0078 Q, Cp = 389 uF,

(b) Xs(40) =.12, Q(40) = 0.06, Xs(80) = .24, Q(80) = 0.12

For w= 40 rad/s, Xp(40) = 33.45,

Rp = 2.0072 Q, Lp 0.836 H

For w= 80 rad/s, Xp(80) = 16.91,

Rp=2.0290,Lp=0.211H
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_ 8(120*-13985w3i—3999000w%+890500000wi+15000000000)

23..Z - -
3w*—1150w3i—394800w2+33600000wi+8000000000

when im(Z)=0, w=w0
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24. At w0 set imaginary part of input impedance, Z(w), to zero to obtain |w0 = 41 rad/s

Then, Z(0.95w0) = Z(39) = 1.845 2-2.2°0, Is(39) = 0.542 £2.2°A and

Vx(39) = 0.98 £2.2°V]
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25. w0=1 rad/s

(a) kf=63700,

So|R=1 ), C=47 yF, L=2.2 pH

(b) km=500000

So|R=500 k(, C=2 pF, L=166.7 kH

(c) km=25, kf=238900

So|R=25 Q, L=34.9 H, C=50 pF|
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26. w0=1 rad/s

(a) kf=2700,

So|R=1 (), C=1.85 mF, L=74 pH|

(b) km=100

S0 |R=100 Q, C=50 mF, L=20 H|

(c) km=25, kf=4.71e6

So|R=25 Q, L=6.37 mH, C=708 pF|
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27.R’=1 Qk, C'=3.5 pF, L'=285 mH

. Vin Vin 0.2Vin
So lin = + 33
1000 T+0,2855 1000
. Vin 200s 3
ThenlZin = — =
lin 57524700 25000
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28. km = 0.5; kf = 20e-3

100Q > 50Q

9.82uH > 245.5 uH|

31.8 uH > 780 uH

2.57 nF > 257 nF|

50V

40V \\

30V \\

20V

1ov B\

B

ov
OHz 10KHz 20KHz 30KHz 40KHZ 50KHZ 60KHZ 70KHz
o V2(R2)

Frequency
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29. [all elements are in parallel: C=-j1e6, R=1250, L=1.25j, source: 3.5j*Ix
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30. (a) HdB = 20logV9 + 16w? ;

dB

rad
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angH(jw) = tan™?! G a)) rad

FT

10°
w, rad/s

T

T T T

10°
w, rad/s
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31. (a) HdB = 20log(/9 + 16w?2)
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32.(a)

s
0N
+
2l
QX
S v
+
—
—
Il
N\
w
—~
ja )

10°

10°

10"

w, rad/s

w, rad/s
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. jw+300
33.(a)H(jw) = ———
(a) (] ) j8w—5w?
400
350 - —
300 - -
250 -
200 - -
150 - -
100 -
50 F -
—UID & 13 -+ 2I 6 2I 4 [3 & 10
1

(b) [H| =

T —64w?-25m*

J(149202)2 + (50?2 + 2400w)?
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34. (a)

~

N
“ Yo
+ [ vl
i
— +
n Al
| S~
=) %}

Il

~

%]

—

jam)

w, rad/s

(b)

2.55(1+5s)
(1+3)

H(s)
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35.

Edit Plot
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36.
300(1+52-) 35(a)[H(s) = 1+ 0.25 + 52
33(a) H(s) = ——32
— es(142)
8
N S Rt 1 R A e S 1 e e A R B
T RN AT T B N AT
R A
Q VT T T T T T
2 FOUTINE e TSI
7oy e ey O St | R
R N RN R NI o
L Ll L L L1 L L LU
10" 10° 10 10° 10°
w, rad/s T
RN
P I AL AL N AL B LA Ll
TN T T OTm T T T T [N
2T TN T T T T T e T R
o 22 T TN T AT T T e A mrmT
€ 245 — = FIHIE SN\C S IS IR = A = b
261 — I HIE — PN H = + I A~ — Ll
281 1 HTHI — b NG — i — 10*
L Ll L LLLIn Ll L L L LLiin 1
10" 10° 10' 10° 10°
w, rad/s
35(b) [H(s) = 1+0.1(3) + (5)z
0.43(1+:5)(1+55) V) 4
33(b) H(s) = 2
(1+3)

w, rad/s
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37.
(a)

15

1 i

05k 4

(s 4

0.5 F B

L S
(b)

000

3500
3000 - ]
2500 - ]
2000 ]
1500

1000

I
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Vi . Vi Vout
39.5 = —Vin % 0.25s ,m = ——0
2001l5555
25s
so, H(s) =
H () 50541
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S
_Vout= 100
40.H(s) = Vin 1+1$W
.c
. AR I
\al
1\1‘@ R1 1k
T
0 —
&
[
yd
~10 —
¥ d
/
//
-20 Vi
-30
1.0Hz 10Hz 100Hz 1.0KHz
o DB(V(R1:2))
Frequency
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41. (a) H(s) = TZCS choose [R=1 kQ, C=2.2 yF,

1
1+2.2x107 3 jw/

(b) H(jw) =

0.9599

0.9599

0.9995

0.9998
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42. (a)
B oy .
VYTV || Vout
1H 24760
B A o
v @ o Ri §1K
L
° )\
AT
J
f
-5.0 // \\
/ \
/ B
/ A
-10.0 // \\
/ \
/ A
/ A\
-15.0 /
/ X
-18.1 i{ \
10.00Hz 30.00Hz 100.00Hz 300.00Hz 1.000KHz 3.000KHz 9.94KHz
[51DB(V2(R1))
Frequency
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J(RC)2+4LC—RC V(RC)2+4LC+RC
43. W, =——— | W, =T

2LC ’ 2LC
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44.
A “Vout-
SR w2
oo L1,
V1

G

S 704y CT

4P_4|

1.0V

/
A/
ov \V/

1.0Hz 3.0Hz 10Hz 30Hz 100Hz 300Hz 1.0KHz
o V(Vout)

Frequency
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45. Fig. 16.41(b), Vout = Vin (1+s1122*c) (1 + 2_};)

assume R1=100 Q, C=1 pF, 5o Rf=1.7 kQ, R2=1 kQ)
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46.
.c2 .. Lo . U1
{ +
. o200 .. . .o . . . — Vout
S PR 7 . .
AT Ko R . . . gt . OPAMP
() 1K§ R3 /\?&\f
S S
1K§ RS
1

30

20

10

-10
100mHz 1.0Hz 10Hz 100Hz
o DB(V(Vout))

Frequency
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47. stage 1, LPF, wH=1000 rad/s, Av=10 dB

so, R1= 1000, Rf=216 Q, C=1 pF, R2=909 Q|

stage 2: HPF, wL=100 rad/s, Av=10 dB

s0,[R1’=100 Q, Rf'=216 Q, C'=1 puF, R2’=10 kQ)
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48. First design a RLC bandpass filter with the specified cutoff frequencies, taking the output
across L and C, instead of instead R, to obtain the complementary bandstop response.

i = wyw;, = (2720000)(2720) = 15.79¢6 and B =§

Selecting R=1KQ resultsin L=7.97 mH and C =7.95 uF

For the required gain of 15, may use a non-inverting opamp circuit. A PSpice simulation
confirms the design.

RI Vout

R1.

15
|
v
N al
AY //
10 7
\ 1
A /
N /
5 % /
N /.
N Z
A
N
0 ™~ e, .-a/
-5
1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz
o DB(V(Vout))
Frequency
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49. LPF, fL=500 Hz,

assume ‘Czl UF, so R2=795 Q, R1=100 Q, Rf adjustable to meet the requirement of Av‘
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2
50. The coefficients of the given transfer function are ay = (%) anda; = RZ—C. For the LP

Butterworth function these are 1 and 1.4142, respectively, and so it cannot be used to
implement the given transfer function. For the LP Chebychev function these are 0.708 and
0.6449, respectively, and they do not relate as the coefficients in the given function.
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51. (a) Fig. 16.48, assume Rq=R2=R, C1=C2=C;

G
_ k Vo _ R2C2
HGS) = G vi = s+ (2 D)sr L
RC' RC R2C2

so, RC=1, G=1.586,
set RB=1 kQ), so RA=586 Q,

set C=1 nF, and Km=187, so R=187 Q.

1.00s4

(b)dy = —2%%
52+0.64495+0.708

RC =1.189,G = 1.4158

set RB=1 kQ, s0, RA=416 Q

4

and , Km=0.187, so
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52. 2" order HP filter implemented on the Sallen-Key amplifier with C1=C2=C and R1=R2=R.

yields relationships: a, = Rz—lz =1;a, = % — 1.4142; G = Ra*Re

Cc B

Letting RC = 1 we obtain G = 3-a; = 1.5858. Selecting Rz = 1 KQ provides R, = 586 Q.
Setting R=1 Q and C =1 pF and using k; = 2m350/1 = 2199 we obtain

1F 1F 1
kfkm 2199k, 2199e¢—-6

= 455sothat R’ = k,,R = 455 0.

Provided gain is 20log(G) = 4 dB. The extra 2 dB, or gain of 1.259 can be provided with a non-
inverting op amp circuit with R1=1 kQ and Rf = 259 Q.

R2
455

[#4] c2 ui

| - .

1uF 1uF 2

— —
= OPAMP &
/_j_\w l R3 o opame | VoU
1w {) : b
&, R1 < 45§ : X L
i <=3 i
o | 259
R4 <1k 2
I R6 <1k
- i |
2.0V
1.5V /
1.0v /
0.5V }/
e
ov
10Hz 30Hz 100Hz 300Hz 1.0KHz 3.0KHz 10KHZ
o V(Vout)
Frequency
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53. RC=1, G=1.586,

set RB=1 kQ, so, RA=586 Q)

Km=1120, so

4
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54. 2" order HP filter implemented on the Sallen-Key amplifier with C1=C2=C and R1=R2=R.

=1 a; = 20 = 1.4142; G = “ATR8
RC

Cc B

Letting RC = 1 we obtain G = 3-a; = 1.5858. Selecting Rz = 1 KQ provides R, = 586 Q.

Setting R=1 Q and C=1 pF and using k¢ = 2m2000/1 = 12566 we obtain

1F 1F 1 . _
1uF = Kl mﬁkm = TZ566e6 — 79.6 sothat R’ = k,,R = 79.6 .

Provided gain is 20log(G) = 4 dB. The extra 0.5 dB, or gain of 1.059 can be provided with a non-
inverting op amp circuit with R1=1 kQ and Rf =59 Q.

R2
796
c1 c2 u
[ [}— £ s
1uF 1uF P
——— +
1 OPAMP 1
V1 15
& | Vout
R3 L OPAMP
W
R1 79.6 | AR RS
586 —NA————
| 59
R4 1k
R6 1K
- L] |
2.0V
1.5V /
1.0V /;(
0.5V /
ov —_—
100HZz 300Hz 1.0KHz 3.0KHz 10KHz
o V(Vout)
Frequency
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55. Fig.16.49, set R1=R2=R, C1=C2=C,

we get RC=1, G=4

set RA=3 kQ, RB=1 kQ)

Kf=3768, Km=256

So0|R=256 Q, C=1 pF
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56.

(a) 3™ order Butterworth LPF has TF: H(s) = ﬁ;ﬁ =Ka, (;) (L) = H,(s)H,(s)

s2+s+1/ \s+1
Hi(s) can be implemented by the Sallen-Key amplifier circuit. Setting RC = 1 yields G = 2, which is

realized by selecting Ry = Rz = 1 kQ. The gain of this stage is then 20log(G) = 6 dB. SettingR=1Q
and C =1 puF and using k¢ = 2m1800/1 = 11310 we obtain

1F 1F 1
= = km =
rkm 11310 kp, 11310 e—6

1uF = o =88.4sothatR’' = k,,R = 88.4 0.

H,(s) can be implemented by an op amp inverting circuit with resistor-coupled input and a
parallel resistor-capacitor combination as feedback, which, setting capacitors as C and resistor

. -1 . _ . _ —_1 . . .
as Ryields TF: H,(s) = TR Setting RC = 1 results in H,(s) = — With appropriate scaling,
C=1puFand R=288.4 Q. To achieve the required 13 dB gain, we use an additional inverting op

amp circuit to provide gain of 7 dB or 2.239, which is achieved with R; =1 kQ and R; = 2239 Q.
(Phase inversion corrects for phase inversion of previous stage.)

R9
c5 Rikims o
I 884
1uF c4
R12 R13 u1 . | . R11
88.4 88.4 ) R [~-QPAMP 2239
- AAN—— . T
R10 3 Vout
88.4 h i “QPAMP
OPAMP 2 <
Vi | -
At C6 —4uF R3 *
W | Rk U4
. A, L
_ 1k uB
R4 =1k
5.0V
.
4_0V
hY
X
\
\\
3.0V
\
)Y
Y
3
2.0V \\
Y
X
\
1.0v
W
R
ov
100Hz 300Hz 1.0KHz 3.0KHz 10KHz
o V(Vout)
Frequency
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56. (b) 3" order Chebychen LPF with TF H(s) =

% has a real root at s =-0.2986. Long
§2+254+2s+1
division of the denominator polynomial with (s+0.2986) yields the factored form:
1 1
H(s) = Kao (s2+0.29865+0.8393) (

S+0.2986) = H,(s)H,(s) Hi(s) can be implemented by the
reference Sallen-Key amplifier circuit with RC = 1.0915 yielding G = 2.6741, which is realized by

=7 dB. Setting R =1.0915 Q and C = 1 uF and using k; = 2m1800/1 = 11310 we obtain 1uF =
1F 1F

selecting Rs = 1 kQ and Ra = 1674 Q. The gain of this stage is then 20log(G/(RC)?) = 20log(2.2443)

— _ 1 — r_ —
Kkon 113107 =k, = 0o = 88.42 sothat R’ = k,,R = 96.5 0. H,(s) can be
implemented by an op amp inverting circuit with resistor-coupled input and a parallel resistor-

capacitor combination as feedback, which, setting capacitors as C and resistor as R yields TF:
1

-1 _ ~gc _ 02986

Hy(s) = L4RCS st

—ooosc- Setting 1/RC = 0.2986 or RC = 3.349 with appropriate scaling,

C=1puFand R =296 Q. This stage has gain 20log(0.2986) = -10.5. To achieve the required 13 dB
gain, we use an additional inverting op amp circuit to provide gain of 13-7+10.5 = 16.5 dB or
6.683, which is achieved with R; = 1 kQ and R; = 6683 Q. (Phase inversion corrects for phase
inversion of previous stage.) The design meets the ripple and cutoff frequency specifications.

RS
cs Wy
Y, | 296
1uF cd
R12 R13 U1 . (| . R11
— N\ W——AN—e- —1* R14 WF ——AN—
26.5 26.5 ~-DPAMP G683
-y \ .
; R10 Vi
296 QPAMP s
1. — —.—
L- QPAMP,
V1 | 1k
Al C6 —uF £4 +
1wy [ L R ua |
1674 UB
R4 = 1k
-y . -
i8v ~
P
éj Il
rev — P!
/ [
iy / EL
i1av mf l
!
)
iz2v 1[
&
1
i10v IL
1
!
8V 321
Y
i
6V \‘\
3
Y
A
&
2v
.
ov
100H=zZ 300Hz 1_.0OKHz 3 .0KHz
o V{Vout)
Frequency

10KHzZ
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57. A 4™ order Butterworth HP filter can be implemented by cascading two identical Sallen-Key
amplifier circuits, each realizing a 2" order HP TF. The achieved gain is G2 = 2.5154 or 8 dB. The
extra 7 dB gain, or 2.239, can be realized with a non-inverting op amp circuit with Rz =1 KQ and
Ra =1239 Q. The specifications are realized, with pass band gain of 15 dB and cutoff frequency

at 175 Hz = 1100 rad/s, but with 6 dB attenuation at w. due to the presence of the double poles
for the cascaded identical stages.

R2 . .. o o o . _R7
909 909
o c2 U1 ok c4
| I N | ||
T 1T I 1T
1uF 1uF 1uF 1uF
W1 OPANP OPANP
W (5;) R1 909 Rd R8 909 R8
: 586 588

m%k A __R,j?w_

1
6.0V
S
-
P
Y
4.0V
2.0V
ov
OHz 0.1KHz 0.2KHz 0.3KHz 0.4KHz 0.5KHz 0.6KHz 0.7KHz 0.8KHz 0.9KHz 1.0KHz
falv(vout)

Frequency
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58. TF of equation [36] implemented by cascading two circuits of Figure 15.43(a) with R;=R¢=R

=1Qand Ci=C=1pF has form H(s) = (s+11)2' Setting C = 1 uF and using k; = 450 we obtain
F =— =2 o) =2222s0that R’ = k,,R = 2222 . Its simulation shows that at

" kpkm 450k,
wc = 450 rad/s the attenuation is at 6 dB due to the presence of the double pole there, while its
3-dB bandwidth is at 289 rad/s.

R2 \
2222 ns: \
c1 \
Y UCHRTOS - SSPR IR | fm 0.5V
1uF .l_'g \
. || '3
s L [-opawp 1uF !
2292 RS [~ OPAMP vour \
w1 | 2992
w{L) — =
ui
| —1¥ s
us ov S~
1.0Hz 10Hz 100Hz 1.0KHz
- 1 o V(Vout)
A Frequency

On the other hand, a 2™ order Butterworth LP has TF H(s) = may conveniently be

1
52+1.4142s+1
implemented using the Sallen-Key amplifier, with G = 1.586 achieved with Rz =1 KQ and R, =

586 Q. Selecting C=1 WF scaling provides R = 2222 Q. Its simulation shows a 4-dB gain, while its 3-
dB bandwidth at 450 rad/s as required by the specifications.

1.6V
TR
N
\\
1.2v
X
o1 \
1
§
0.8V
R1 R2
: : : : Vout \
o . o 0.4V
L cz _uF \
e N
586 e S
o . % C o 10Hz 100Hz 1.0KHz
1 o V(Vout)
= Frequency
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59. Q0=45, w0=1.68e6, sp C=0.45 nF, L=0.27 mH,

Q0=45, w0=5e6, so, C=0.45 nF, L=89 uH.

So, (C=0.45 nF, Lmax=270 puH, Lmin=89 uH
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60.

H(s) =
5C1R1R3(53C1R1RyR3C,(C1+C2)+52(C1R1 Ry C3+C1 R1R3C2+CER R3+C1 Ry +C;C3RyR3+C1 C3RyR3 ) +5(C1 Ry +C3R2+C1 R3+R3)+5C1 R1R3)
53C1C2C3R1R2R3 +52C1R1(3C2R3 +C3R2)+S(C1R1+C1R3+R2R3)+1

Which is a band stop filter. A simulation with cutoff at 1100 rad/s (175 Hz) is included:

. R3
M
é1 2 K
|| ||
LR v
R R vout |
My My
R R
1."@11111_‘331:3”_F1
1
1.0V
- Ea
N\
\\
0.8V
1 /
\ /
\ //
0.6V
i /
\
\
0.4V \\\d//
0.2V
1.0Hz 10Hz 100Hz 1.0KHz 10KHz
o V(Vout)
Frequency
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61. RC=8e-4, set C= 1 pF, so R=800 Q)

»

and 1+Rf/R1=1.26, set R1= 1 10, so Rf=260 Q
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62. Observing TF of circuit of Figure 16.48 in equation [40] the greatest deviation from the target
design occurs when all components are simultaneously 10% above or 10% below their nominal
values. PSpice simulation with component values altered accordingly can yield the extent of
tolerance variations. Here nominal values are: R=1Q, C=1 uF, R, =586 Q and Rz =1 kQ. The
nominal cutoff frequency is 1 rad/s. For components 10% below their nominal values that
frequency changes to 1.22 rad/s, or +22%. For components 10% above their nominal values that
frequency changes to 0.82 rad/s or -18%.

1.6V

RSN
BN

0.4v \ \

N\
NN
AN

o e =S

10mHz 30mHz 100mHz 300mHz 1.0Hz 3.0Hz 10Hz
o V(Vout) o V(Voutl) v V(Vout2)

Frequency
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63. only connected to “+” terminal: Vo = (1 + %) V+

. . 1
only connected to “-“ terminal: V1 = Vi (—)
S*R1xC1

Vout (RA+RB)(R3+2sC1+sC2)
Vin — C1#C2*R1*RB*S%2+(C2+xRB*s+R3*Ra+R3*Rh

so,
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64.
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65. 3 order LPF, and 2" order HPF

LPF (fig. 16.49) [Ra=3 kQ, Rb=1 kQ, C=1 puF, R=159 Q, Cf=1 pF, Rf=R1=159 Q

HPF (fig. 16.48) RA=1 kQ, RB=568 Q, C=1 uF, R=1593 ()

e7na E4U
kol mifatna sr8a mn EICoM

Copyright ©2012 The McGraw-Hill Companies. Permission required for reproduction or display. All rights reserved.


Nidal Nassar
Typewritten text
e7na E4U 
kol mlfatna sr8a mn ElCoM


Engineering Circuit Analysis 8" Edition Chapter Seventeen Exercise Solutions
-2 4 0

Laz=|s5 1 -olan=|L P|m=t7572
2 -5 4
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100 —45 30
2.(a)|| 75 0
48 200 42
)V, =22=-—300_— 9 6mp
Ay —1181050
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47011 - 47012 =V
—470I1 + 1267012 — 1000013 — 2200/4 = 0

3.(a) —1000072 + 132003 — 220014 =0
—220012 — 220013 + 9100/4 =0
470 —470 0 0
_|-470 12670 —10000 —2200 — 113214 9 0a1T
(b)AZ = 0 —10000 12300 —2200| ALl =
0 —2200 —2200 9100

(©
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V, = 8701, — 8701,
0 = —8701I, + (8704870 + 1000)I, — 100015 — 8701,
4. 0 = —10001, + 110015 — 1001, — 100/
L 0 = —8701, — 10015 + (870 + 220 + 100)1,
0 = —10015 + 20015

870  —870 0 0 0
-870 2740 -1000 -—870 0
A4,=1 0 —1000 1100 —100 —100|= 2.7687e132°
0 —-870 —100 1190 0
0 0 —100 0 200

2740 —1000 -870 0
-1000 1100 -—-100 -100
-870 —100 1190 0

0 —100 0 200

Ayq = = 2.4750e11 0*

Az
Zin = 7= 111870
11
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3s 0 0
5.AY = |—3s 33s —10s|=1383s3,A11 = 461s?,Yin =33
0 —10s 17s
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6.(a) w=1rad/s

j0.05  —j0.05 0
AZ = |—j0.05 6+ ;0.15 —6 | = 1.5002e720.95° 03
0 —6  6—j50e6
6 +j0.15 -6

Ayy= = 3.0009¢8,—88.6° N2

-6 6—j50e6

— AZ — o
Zin == 50£89.5°m)

11

(b) w=1rad/s

16 —j16 0
AZ =|—jl6 6+ j48 —6 = 8.1263e7279.4° 03
0 —6  6—j156e3
6+ j48 6
Ayy= | J = 7.5462e6,—7° 02

—6  6—j156e3

A
Zin = ﬁ = 10.8286.5° 02
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—0.063j V1 + (V1 — V2)(—=0.032j) = 0
7.(a){ (V2 = V1)(—0.032)) + V2 % 0.067 + (V2 — V3)(—0.032j) = 0
(V3 =V2)(—0.032)) + V3 xjx 63X 1076 =0

] 6(—6.5w3+6.5jw?+3.2x10%w—1.2x1021))
So, Yin = - - -
w(—-1.3jw3-1600w2+j6.5x101%w+3.9x1021 )

(b)V =2 = 0.0514V

Yin
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8.(a) 0=—4L+19 t=4,=|0 -4 19|=17003
0211_12"'213 1 -1 2

(b) Ayy = |:‘1L 129| = 1102 Zy =22 =15450

11
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vivi-va_ g
Rin 28
9. @\ vive “v1
20 Rx

(b)
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10. (a) Let input voltage be 1 V. For deal op ampType equation here. V;=0. Then, Vs =1 V.

_1-v, 1 ( 1 ) _ 1
jwCR,)  jwCR3R,

1 1
1=—,V='(R +—>_1+—,1 = =
TR, T\ T c joCR, TR, R,

I =g Vig=Rylp +1=1-—2__ p Y _17V2 R
Ry R3» 12 2°R; j(A)CR3R4I Ry Rl Rl ijR1R3R4 m
[ 1V _jwCR;RsR,

Hin — Iin - RZ

(b) For Ry =4 kQ, R, =10 kQ, R3 =10 kQ, R4 =1 kQ and C = 200 pF

_ jw(200e —12)(4e3)(10e3)(1e3)

in 10e3 jw8 x 10* 1 or lequivalent to a 0.8 mH inductor
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Vi | Vi-V2
11

T 1000 ' 10000
11. _v2 | v2-vi

" 8000 ' 10000

11x107* -1073
So, Y = _10-* ;_l_ 1

8000 10000
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V1l V1-V2 | V1-V2
I1=—

12 11 8 10
. v2  v2-v1  v2-v1
R==+———4——

20 8 1

So

10316 —0.225
v= —0.225 0.275 ] S

~
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13()Y1=015*V1+025*am.—va
@12 = 0.25sV2 + 0.25 * (V2 — V1)

_103s —=0.2s
(b)Y_|—029 0.15s
2
(P =L =10s
R
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V1i-v2  V1-V3
I1 = €8]
540 200 V3i-V1 V3 V3-v2
WA g o vamvs o300 g S0 st e =0 O
540 400

Substituting (3) into (1) and (2) we obtain: [g = [i;;i :5; _;"7128__3 3] 5;]

50Y=[ _317] ms

?17
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1le—4 —-1e—3
—le—4 2.25e—-4

(b)

15.(a) Y =

)|

{ IT=1le—4*xV1—1e—3*V2
[2=—-1e—4xxV14+225e—4xV2
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1=Vt viov2
T 1k 10k _ (1 -1 -4
16. (a) Vs vt (1) so,|Y = [_1 , 2';] x 1074 S
8k 10k

(b) For the one-port network:

n= 9;—}‘(’1 and I2 = — % substituting into (1) we obtain V1 = 4.329 V and V2 = 0.9114 V.

Then 11=4.67 mA, and Pin =42 mW
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Vi—-1x+I1
I1 = — 511
17.

2=-51+2+%
5 1

1625 0
SOV =1| 3125 12
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(m=oev2+2 4+ (1)

20k
18. ! 12 = % (2) (3) can be written as: Va = % + % + 66711  (4)
va-vi | Va-v2
l e T 1ok 0111=0 (3)

Substitute (4) into (1): I1 = (241.4e — 6)V1 + 0.6V2 (5)

Substitute (4) and (5) into (2): 12 = (—17.23e — 6)V1 + (41.52e — 3)V2 (6)

- _[24T4e—6 06 T
VT 11723e -6 4152¢ — 3

(@) 11 =y1;V1 +y12V2 = (0.6)(1) =064
12 = y21V1 + y22V2 = (41526 - 3)(1) =m

(b) I1 = (241.4e — 6)(—8) + (0.6)(3) =T.84
12 = (=17.23e — 6)(—8) +(41.52¢ — 3)(3) =125 m4

(c) I1 = (241.4e — 6)(5) + (0.6)(5) =B34
12 = (—17.23e — 6)(5) +(41.52¢ — 3)(5) =207 mA
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11="2240301
19.
V2 V2
12 =5~ 0.311 +?
1
— 0
5.7
So, |V = 1
-— 0.7
19
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20. (a) ’The input is applied at terminals G-S, while the output is taken from terminals D-S.

Ig = yings + VrsVas

b
(b) Iy = yfngs + YosVas
YVis = Eh = jw(Cgs + ng) Vrs = 2o = _ijgd
Vgs Vas=0 Vas Vgs=
Iq . Ig 1 .
yfs Vgs V40 Im —J gd) Yos Vas Vgs=0 rd J) ( gs gd)

(c) Yis = jo(3.4 +1.4) x 10712 = j4.8w pS
Vs = —jwl.4 X 10712 = —j1.4w pS

Vs =47 x 1071 — jwl4 x 10712 S

Yos = 1074 + jw (0.4 + 1.4) X 10712 §
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21. (a) simplify the circuit to a single resistor with value of [5.54 kQ

(b) P = I?R =216 W)

(c)Pz%zzEIHZJZZ
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22.(a)
35Q
10.5Q 70
(b)
— 13090 5350 ——
27.85Q
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23.(a) lw = 50, Zin = 69.9]]

(b) lw = 100, Zin = 141]]
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24.(a)lw =50, Zin = 5.87527.6° 1)

(b)lw = 100, Zin =61
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25.Zin=1.86 MQ
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26.
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27.

(a) From solution of problem 14, [Y

1421 =317
—1-317 37] S

So, —yi, = 3.17mS
V11 + Vi2 = 1.04 mS
Vo2 + Viz2 = 0.53mS

And the dependent source is turned off.

(b) For circuit of Figure 17.43: [g = [4'216 —3 —3.17e- 3] Vl]

—32e—-3 3.7¢e—-3 1lV2

Since 12 =-V2/2 we get —0.5V2 = (—3.17e — 3)V1 + (3.7e — 3)V2 = V1 = 158.9V2
Andsincell=1Aweget1l = (4.21e — 3)V1 + (—3.17¢ — 3)V2

V2 = 1.502 volt.

VZ
Pout = 72 —TTZ28 W

Same result for circuit of Figure 17.13(a)
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421 -3.17
—317 37

28. (a) From solution of problem 14, Y = [ ] mS

So, =y4, = 3.17mS
V11 + Vi2 = 1.04 mS
V22 + Viz2 = 0.53mS

And the dependent source is turned off.

421e—3 -3.17e - 3] Vl]

(b) For circuit of Figure 17.43: [g = [_3 2¢—3 37¢e—3 lly2

Since 12 =-V2/1we get —V2 = (—=3.17e — 3)V1 + (3.7e — 3)V2 = V1 = 313.66V2

I, = 10mA|, and 10e — 3 = (4.21e — 3)V1 + (—3.17e — 3)V'2

V2=76mV, I12=-76mA, and V1=2.38V|

Same result for circuit of Figure 17.13(a)
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29.1y11=0.0041, y12=-0.0031, y22=0.0037
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1
30.(a)Y = | *7 S
—— 05
19
l4 P
_> 4—
+ +

v
Vi 570 § § ’0 ;
V19

F1 Foo
e——— - 0]

200.00m\§
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11 =0.1V1 - 0.05V2 11 =0.027
12 =—-0.5V1+0.2V2 so 12 =-0.182
Vi=1-1011 ~° V1=10.727
V2 =-5I2 V2 =0.901

31.

(a) v = > = 1.239

(b) Gi = % = —0.741

V2xI2
VixI1

(c)Gp = —

=8.35

(d) Zin = 2 = 26.9 0

1

(e)1Zout =2 = 490

[2
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32.
1 3
_ 3 _| 13 13
zZ= 1]!) >y= 5 2 S
13 13
1000 470 -3.3
= _Q =
2= 2500 000l? =¥=l01 3 6] ms
_ _ 96 17
y=lg olms=z=[13 20]x107 0
3 _2
_ | 5 5
y___l 3]3:>z_ c S|
5 5
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7 = [125 25
25 75
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34.7 = [12255 ;g] V, = —10l, V, = (620°mA — I,)50

3 {0.3 —50I, = 125I, + 2512} { 0.3 = 1751, + 251, }:{ I, = 1.820°mA } {Vl = 0.2140"V}
'l —10I, = 251, + 751, —101, = 251, + 85, ~ U, = —0.520°mAJ_ |V, = 5.320°mV

+Gy = 0.025, G, =—0.294, Gp =7 x 1077
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19 6| .., _|1587 27.8
35.(a) 21 = |6 8|’Z2 - | 278 873l
- 11677 338
soZ—Zl+ZZ—|338 pgip
8 _s6 873 _ 278
_ 36 36 _ 1300 1300
1= Jolvz=|" 9
36 36 1300 1300
- ~ 10289 —0.188
Solv =vi+v2=| "0
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_[16.54 15.66
36.(2) 2 = | 15.8 17.55] k0

(b)lG, = —0.7, Gy, = 0.64, Gp = 0.45 |
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37 711 = V& — 5U1-08V2)

11 1 A

729 = V2 0.1V1+ 212
7 %

V1

12
1=Vt V2 _iosg
71 o082
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_[30 10 [ 723 —-16.7
Y = l70 4333] mS, 2=|_1169 50 |2
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39.V1 =Ia % 100000,V1 = Ib * (—2000j),V1 = 10000 * Ic + (Ic + 0.01V1)(—10000j)

Z11 = —0.0049 + 0.0055/

V2 = Zc % 10000, V1 = (i2 — iC — 0.04v1)(385 — 1.9 x 103))

So, 222 = 4.94 x 103 4 2.88 x 103j,Z12 = 48.5 — 30.9/]

V1 =1Ic*Z11,Ic = (—0.0047 + 0.0053j)I1

So, Z21 = —470 + 530j]
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166.7 1/3
"= [ ~1/3 _5]
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_150Q 1 _11.67Q 0.67
h=12 40ms|'h2_ —0.67 13.3ms
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42.(a)lz = [35050 _130%0] 0
05 15
By =1, 175]mS
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20Q =2
43.(a) I = | |
(@) 5 0.1s

(b)

el RV
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_[5kQ 0.55x107%
44- (@) h = [300 39 uS

(b) |G, =j—j= hyy = 300

() Zous = hizz = 25.64 k2

(d) KVL at input loop: (100 + hy)|L| = 5mV = |I;| = ——
100+hy,
Vil = hgliy| = hyy ot
T
h smV

V. 11100+ h
IV, = WAl _ 1100+ Ay =[V,] = 89.13 Volt

hiz h1z
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V1=1-5I1
45'{V2=2>i<12
V1=

SO

WIR QIR WINGg |-
2o < <
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46. Convert to t-parameters using Table 17.1, multiply resulting matrices and convert back to h.

50 Q 1

16.67 Q 0.33
hA = [ -1 40 HS] and hB = ]

—-0.33 13.35uS

.=[,03 soln]

1.0009 50.0051 Q]
40 mS

d tp=
and B = (401mS  3.0003

5.0053 300.03 Q]
, and

£=1alp = [80.1 mS  5.0005

L [600 0.2
~[-02 16us

May confirm by combining two original networks and apply basic circuit laws.
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47. Convert to y-parameters using Table 17.1, add resulting matrices and convert back to h.

50 Q 1

16.67 Q 0.33
hA = [ -1 40 HS] and hB = ]

—-0.33 13.35uS

120 =20 160 —20
yA_[—zo 60]"’5 and "3_[—20 zo]ms
_ 180 —40
y—yA+yB—[_40 80]m5,and

L _[1250 05

=] —05 60uS

May confirm by combining two original networks and apply basic circuit laws.
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— -
R R R 1
ss@y=|" Flor=[1
R_R
R R 0
& & )L
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49.11 =YX —10-5V2,V2 = 12 * 10000 — 100V1

1000
~ 110000 0.01
Soh=1"10 " s5ks
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Vi, ViV
I — 1 + 1-V2 _
5 10 _ 1.5 100
0@ wn wn (T 3soms 3

g 1
b)p={>, >
-5 0.1167S
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51 {Vl = (631.6 + 12530)I1 + 0.2V2

V2 = 1253001 + 0.2v2 ' 0t11 =104

2= Vi , 12530
and { "~ 631.6+(1890||112530)  12530+1890, 50 t12 = 0.803 Q

| = _V1-=02v2
and { T 1253046316 ,sot21 = 6.35 X 107 °s
V2 =11%12530+ 0.2V2

and V2 = 11(1890 + 12530) + I1 * 12530, sot22 = 1.15

1.04 0.803 Q

then, |t = | 25w 10-5s  1.15
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_[95 6 _[85 7 _
52.(a) ab = |2 3], (b) ba = [5_5 o] (@ ac= [ . ]
_[-5 27 18
(d) be = [_35], (e) bac = [ ] (f) a [9 s
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16.8 1.87 x 104|
0.004 4.2

53(a)t=t1*t2=|

6.67 1.14 x 104|
8.26 x 1073 1.43

(b)t=t2*t1=|
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> 10 30 = 50
54, (a) tA = 1 B tB = 1 , tB = 1
=S 1 =S 1 -S 1
2 4 6
6.19 19.880Q

(b) [t = tatptc = [2 48S 812

fﬂ+&+M=0]
1 2 3
[ o=l
1= _ [408.4 —50.3]
© Vv v won_ (7P =503 31130 ™S
+2+ =0
3 4 5
VZ_V V-
\ 12_ 5y+€2 J

Converting these y-parameters into t-parameters confirms (b).‘
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2.12 36.15
55.(a) |t = trignt * tiefr = |() 12 2.49
3.01 82.1

(b) t = tleft * tright = |0 047 159
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56. (a)Using the t-parameter definitions we can get: [t = [ 0.1 Ziﬂ]

288

Vi =tVo —t5l
(b) t-parameter relationship equations: 1 _ 1172 122
I} = 51V =ty

KVL at input |00p: Vl = I/S - 10011 = I/S - 100(t21V2 - tzzlz) - VS‘ - 100t21V2 + 100t2212
But V1 = t11V2 - tlZIZ - ‘/S - 100t21V2 + 100t2212

Turning Vs source off: Z,,,; = == —=——= =37, = 1.5 ()

I,  t11+100ty,
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307 2.2x10*

q=txtxt =
0.252 181
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1 0 1 R 1

se.)ta=|1 1| t=[3 F e

¢ Iz 1 [0 1 ° lo
o= ! z][} O]F 0][1 20][} 0]:'0.58 14 1]
0 Ul Yl 4Jto 1l|; 1] lo1iss 45
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7 = |15 5 | h= 13.3 0.33 Y = 0.075 —0.025| f= | 3 40|
' 5 15V —0.33  0.667!" —0.025 0.075 1" 05 3
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_[0.075 —0.025]4_'53.13 —46.88]

60-y =1 0025 0075 Tlo4688 5313 1"

Use Table 17.1 to convert to the following:

_ 5 5
=15 11;] 0
1% 0 1/3
h = 75 L
~1/3 =S
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_ _|1561 13920
't‘t*t*t*t‘|174 1561 1
_ 0.112 —1.05
—7.2x1075 01120
_ | 897 84.1
_10.0057 8.97
_ 0.892 9.38
=64 0.11
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T T 6 6
62 (a)A — out , B — out , C — out , D — out
Tin 0in=0 Oin Tin=0 Tin 0in=0 Oin rin=0

(b) A perfectly reflecting flat mirror:

ein eout
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63.(a) t1 = |(1) 0'fd|,t =

tl*t1=|(1) ‘11

(b) Tout = A* Ty + B % 0in, Opyy = C %1y + D % 0y

‘Unit: A: 1; B: m/rad; C: rad/m; D: 1‘
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