Answers to Problems and Exercises

Chapter 1 Circuit Variables and Elements
P1.1.1 36 kWh.
P1.1.2 ()0, 2.5,5.5,8.5, 11, 11 mC.

P1.1.3

P1.1.4

P1.1.5

P1.1.6

P1.1.7

(b) 0<t<1:p=0;1<t<2:p=2t2+2tmW; 2<t<3:p=6tmW;

3<t<4:p=-6t+36mW; 4<t<5:p=2t2—26t+84mW;

5<t<6:p=0.
(c) 45.3 pJ.

(a) 0.75s.

(b) 2

(c) 9.3, -21.3 mJ.

(

a) Power is absorbed by device during the first and third quarter cycles,
when v and i have the same sign, and is delivered during the second and
fourth quarter cycles, when v and i have opposite signs.

(b) 0.5 W.

(c) 0.5 W.

(d) 0.

-4.24 W, p, W

(a) 1.76 W at t = 3.75 ms.

(b) -10.24 W at t = 8.75 ms.

,/,\,,,,,,,t,ms

1 3 4 5\6 7 8 9 10 1112

o & A N o v s

@v=1V:p=6W;v=2V:p=0.

(b)v= i V.
3
(c)gq=12.07 C.

According to the assigned positive directions, the direction of power flow is
indicated in the second row of the table below, where D denotes power
delivered and A denotes power absorbed. The signed product of the voltage

and current for each element is entered in the fifth row if there is a D in the



second row, or is entered in the last row if the is an A in the second row. The
remaining entries in the fifth and last rows are made so that they have
opposite signs in a given column. The sum of the positive quantities in each
of the fifth and last rows is 25 and the sum of the negative quantities is also
25. Thus, the total power delivered is 25 W and the total power absorbed is
25 W.

Element A B C D E F G

Power Flow D D D D D A

Voltage, V 5 -3 -2 5 -3 7 4

Current, A 3 -3 1 -2 -1 1 1

Power

Delivered, W 15 9 2 10 3 ! B

Power

Absorbed, W -15 9 2 10 -3 -7 4

P1.2.1 Isrc=3A; I,=2A.

P1.2.2 Vsre =-10V; V4, =-40 V.

P1.2.3 Isrc = -15 A.

P1.2.4 Vsrc =80 V.

P1.2.5 Vg=-5V.

P1.2.6 Ig=-6 A.

P1.2.7 i =10 A; power absorbed by each element is 2 kW, and that delivered by
source is 4 kW.

P1.2.8 Isrc = 20\/§A; power absorbed by each element is 4.2 kW, and that
delivered by source is 82 kW.

P1.2.9 Vsre = 2042 V; power absorbed by each element is 44/2 kKW, and that
delivered by source is 82 kW.

P1.2.10 Vsgc =10V, power absorbed by each element is 2 kW, and that delivered by
source is 4 kW.

P1.3.1 (@) I=455A.
(b) R=4.84 Q.
(c)G=0.218S.




P1.3.2  62.7°C.
P1.3.3  866.0V.
P1.34 10 mV; 10 yA.
P1.35  (a)1.20 mA.

(b) -1 nA.
P1.3.6 (a)i=0.1tA, 0<t<1min;i=-01t+02A 1<t<3min;i=0.1t—0.4 A,
3<t<4 min.
2
(b)yp=FW,0<t<1min;p= % W, 1 <t<3 min;
2
= M W, 3<t<4 min.3<t <4 min.
100

(c) P=5.56 mJ.

(d) Vayg = 0, since the waveform is symmetrical about the horizontal axis. This
makes /.4 = 0 as well. Thus, V,gxlag= 0, whereas P # 0. The average
power in a resistor is not the product of the average voltage across the
resistor and the average current through the resistor, because power,
being the product of voltage and current, is a nonlinear quantity.

P1.3.7 15 Q; 120 W. p, W
P1.3.8  (a)p =10 cos*100xt.

(b) 5 W ; 0.05 J. Since the power

dissipated is 5 W, the energy

-
o

dissipated during one half cycle
is 5(W)x0.01(s) = 0.05 J. Note

that the average power, i.e.,

O N B~ OO 0

ot

average energy per unit time, is 0 /2 7 3zl2  2rx
independent of the time scale, but the energy is the integral of

instantaneous power with respect to time.

2
P1.3.9 (@) 0<t<60s,p= 7t2—0W, where tis in s.

(b) w=700 J.
P1.3.10 5 + 5coswt + 2.5cos2wt + 5cos3wt + 2.5cosd wt V.



P1.3.11

P1.4.1
P1.4.2
P1.4.4
P1.4.5
P1.4.6
P1.4.7
P1.4.8
P1.4.9
P1.4.10

P1.4.11

Three plots are 10k

shown for

thermistors

having g = 100

5,000K and g= &
2,500K, as well « B=0,500K]T~__]

/
/
/
/
0
T
3

as copper. The L S s e = ——

large, negative

temperature

variation for the 001 - 50

thermistors is Temperature °K

evident from the values of R7/R3 on a logarithmic scale. The range of

values is: 4,160 to 0.0155 (£ = 5,000), 64.5 to 0.125, and 0.61 to 1.39

(copper).

0.14 nF.

9.

Ciin = 15.25 nF; Cpax= 1.525 pF.

A=200V/s; B=10V.

i = CyV, (2t — 267 + ot%e™).

5 pulses.

v=50tV;0<t<200 ms; v=10V for t > 200 ms.

v=50Vfor0<t<200 msandv=0, t>200 ms.

Current Pulse: v=50t—-10V,0<t<200ms; v=0V for t > 200 ms;

Current impulses: v=40V,0<t<200msandv=-10V, t > 200 ms.

(@) 0<t<10:v=1.5mV where tisin ys. Att=10 ps, v=150 mV ;
10 <t <40 pus: v =-£+50t— 250 mV. At t = 40 Ms, v=150 mV ;
40<t<60 ps: v=-30t+ 1350 mV. Att=60 us, v=-450 mV ;

60<t<80 us:v= 0.75t>— 120t + 4050 mV. At t = 80 Ms, v=-750 mV;

t >80 ps: v=-750 mV.
(b) Att=10 s, g = 75 nC;

Att=50 s, g=-75nC.
(c) Att=80 us, w=0.14 pJ.

400

(d) All the expressions derived above for the voltage are increased by 0.5 V.



P1.4.12

P1.4.13

t
60

-t 4
= —+—puC,60<t<240s;
9% 180 " 3" 1

qg=0,t>240s.

(a)g= MC,0<t<60s;

q, uC

t2 w, uJ
(byw=— pJ,0<t<60s;
720 5

w=

2
e 40t 4600 |,
180|363

60 <t<240s;

w=0,t>240s. 17

1
c)i=— pA,0<t<60s;
(c) 50 "

t, min

=~ LA 60<t<240s;
180 -
i=0,t2240s.

t
dYp=—— uW,0<t<60s;
(d)p 360 M

1 t 40
= | - W,
P 180(18 3}“

o)) =N

2 t, min

p, pW

60<t<240s;

t, min

p=0,t>240s. 18
(a) g = Cv=sin(500t) uC, 0 <t <27 ms,

and g = 0 elsewhere.

(b) w = 5sin?(500t) pJ, 0 <t <27 ms,

and w = 0 elsewhere.

q, uC
1

w, ud

t, ms

2r



P1.4.14

(c) i = 500c0s(5001) A, 0 <t <2z ms,

and /i = 0 elsewhere.

(d) p = 2.5sin(1000t) mW,

0<t<27rms, and p =0, elsewhere.

v=10te ™ V;

i= 50(e‘5t - 5te‘5’) mA;

i, mA

0.5+
2
' t, ms
p, mW
2.5+
2r
\/ t, ms
v,V
0.8
0.6
0.4
0.2
0 R R — f,ms
0 0.5 1.0 15
i, mA
50
40
30
20 -
10 1
0.5 1.0
0 . —— -t ms
0 \_///J( 15

-10 -



P1.4.15

P1.4.16
P1.5.1
P1.5.2
P1.5.3
P1.5.4
P1.5.5
P1.5.6
P1.5.7

P1.5.8

w=250t%e7" puJ; w, pJ
16 1

1.2 1

0.8 1
0.4 1
0 _ ____tms
0 05 1.0 15
p, mW
p = 500(te‘1°' - 5tze‘1°t) 121
mW. 8 |
4 4
05 £ ms

(b) ve =21.1 mV.

w=21J.

L =0.01H.

A=200A/s,B=10A.

Loly(2t - 2t + at?e™ ) V.

5 pulses.

i=50tA,0<t<200ms;i=10 A for t>200 ms.
i=50Afor0<t<200msandi=0,t>200 ms.

Voltage Pulse: i=50f—10 A, 0<t<200ms; i=0A, t>200 ms.

Voltage impulses: i =50 A, 0<t<200 ms and i=-10 A, t > 200 ms.

(@) 0 <t<10 ps:i=1.52 mA where tis in ps. At £ =10 ps, i = 150 mA.
10 < t< 40 ps: i = -£+ 50t — 250 mA. At t = 40 ps, i = 150 mA.

40 <t<60 ps: i =-30t + 1350 mA. At t = 60 ps, i = -450 mA.

60 <t<80 us:i= 0.75f— 120t + 4050 mA. At t = 80 s, i = -750 mA.

t>80 us:i=-750 mA.

1.5



(b) Att=10 ps, 4 =75 nWb-turns; at t = 50 ys, 4 = -75 nWb-turns.
(c) Att=80 us, w=0.14 pJ.

(d) All the expressions derived above for the current are increased by 0.5 V.

P1.5.9 (@)1= u Wb-turns, A, uWb-turns

t
60
0<t<60s;

A= __t_l_i pr_
180 3

turns, 60 <t<240 s;
A=0,t>240s.

t, min

2 w, pd

2

t
J1
720 " 5

0<t<60s;

(b)

w=

1(t2 40t j 2 4 tmin

——| —-——+1600
180136 3

M, 60 < <240 s;
w=0,t>240s.

1
c)v=— uV,0<t<60s;
(c) 50 M

1
V= -V,
180 "

60<t<240s; i ‘ t, min
v=0,t>240s. 180

60<t<240s; 1 t, min
p=0,t>240s.




P1.5.10

P1.5.11

(a) A = sin(500f) yWb-turns,
0<t<2zms,and 1=0

elsewhere.

(b) w = 5sin%(500¢) pJ, 0 < t< 27z ms,

and w = 0 elsewhere.

(c) v="500cos(500f) uV, 0 <t <2z ms, v, mV

and v = 0 elsewhere.

(d) p = 2.5sin(1000f) MW, 0 < t < 27

ms, and p = 0 elsewhere.

i=10te™" A.
A= =50te™™ pWb-turns.

t, ms

A, uWhb-turns
1
w, ud
5,< ,,,,,,,,,,,,,,,,
2r
0.54
2r
p, mW
25+
r
i, A
0.8 -
0.6 -
0.4
0.2 1
0

0.5

1.0

— t, ms
1.5



P1.5.12

P1.5.13
P1.6.1

w = =250t%e”"" pJ. W, 1)

1.6 7
1.2
0.8 1

0.4 1

. t,ms

v==50(e —5t®) mV.

0.5 1.0

o o5 " 40

15

p="500(te " — 5% ) mw. p. mW

0.5

t, ms

(@)i, = —%te‘“ —%e“r’t +%
(b) i, =21.1 mA.

w=21J.

i=0.19 A

10



Chapter 2 Basic Circuit Connections and Laws
P2.1.1 P1.21 14,=2A;Isgrc=3A.

P1.22 V,=-40V; Vsgc=-10V.

P1.2.3 Isrc=-15A.

P1.2.4 Vsge=80V.
P1.25 Vg=-5V.
P1.26 Iz=-6A.

P2.1.2 Isrc = 5 A; power delivered by 10 A is 100 W; power absorbed by dependent
current source is 50 W; power delivered by 10 V is 50 W; power absorbed by
20V source is 100 W.

P2.1.3 In=-5A; Vsge=50V; V,=45V; V,=60 V.

P2.1.4 In=5A; ;=13 A; Vbe =10 V; Vg =10 V; V4 =20 V.

P2.1.5 Isrc = 5 A; V=40 V; power delivered by 50 V source is 250 W; power
absorbed by dependent source is 50 W; power absorbed by 5 A source is
200 W.

P2.1.6 I, =5 A; Vsgc = 15 V; the voltage across the 5 A current source is 40 V, and
the current through the 25 V voltage source is 10 A.

P2.1.7 Positive charge accumulates at a rate i on the plate of the capacitor inside the
surface, so charge is conserved, as it must be. A conduction current i enters
the surface and a displacement current i/ leaves through the capacitor.
However, KCL is expressed in terms of conduction currents, so it does not
apply in this case.

P2.2.1 Req =30 Q.

pP2.2.2 Geg = 30.61 S.

P2.2.3 (@) Reqg = 80/9 Q; (b) Reqg = 76/9 Q.

P2.2.4 (@) Geg =8.55S; (b) Geg =9 S.

P2.25  Ga = (7/6)G.

P2.2.6 Req = 0.6 kQ.

pP2.3.1 Vo=0; ls.=1A.

pP2.3.2 R=32Q;1,=5A;Vo=24V; V,=40V; Vo!/V,=3I5; I,/lsrc = 1/3.

P2.3.3 V=20 V; 120 =5/3 A; Ieq = 10/3 A.

P2.3.4 Vo=24V.

P2.3.5 Vo=16 V.

P2.3.6 lo=25/3 A.

11



P2.3.7 V,=8V;Il,=0.375A.

P2.4.1 Vo=6V.

P2.4.2 Vo=40V.

P2.4.3 lsre = -1 MA.

P2.4.4 Vo=12 V.

P2.4.5 Vo=12 V.

P2.4.6 I,=T7A.

P2.4.7 l,=7533A; V,=-20V; Vg=20V.

P2.4.8 V,=490/3 V.

P2.4.9 V,=50V,; V,=46.67 V.

P2.410 I=-1A

P2.4.11 I=12A.

P2.4.12 Vsre=120V; V=48 V; V, =72V, I =12 A; lsq = 8 A; l120 = 4 A; lhao = 3 A;
lso =9 A.

P2.4.13  V,/Il,=-100/49 kQ.

P2.4.14 Ro=3kQ; R,= 27 kQ.

P2.4.15 Ry=30kQ; R,=3.75kQ.

P2.4.16 Vo=3V.

P2.4.17 V,=30V; Vsgrc =195 V.

P2.4.18 R=32Q;,=2A

P2.419 [,=119A.

P2.420 I,=0.75A.

P2.421 V,=1.71V.

Chapter 3 Basic Analysis of Resistive Circuits

P31l O ;Vab L2 gvab = % ; Vap=10V; 1;=0; I, = -5/3 A. Since V., =10V, the
two terminals of the 4 Q resistor are at the same voltage, so that /; = 0 and
Vb can be found by voltage division.

P3.1.2 Isrc1=-1.3 A; Isrc2 = 2.2 A.

P3.1.3 Isrc1=-1.3 A; Isrc2 = 2.2 A.

P3.1.4 Vae =0 V; V. =-5/3 V. Since V4 = 0, node a is at the same voltage as node
¢, so that V. can be found by current division.

P3.1.5 Vsre1=-1.3V; Vsger = 2.2 V.

12



P3.1.6
P3.1.7

P3.1.8
P3.1.9

P3.1.10
P3.1.11
P3.1.12
P3.1.13
P3.1.14
P3.1.15
P3.1.16
P3.1.17
P3.1.18
P3.1.19
P3.1.20
P3.1.21
P3.1.22
P3.1.23
P3.1.24
P3.1.25
P3.1.26
P3.1.27
P3.2.1
P3.2.2
P3.2.3
P3.2.4
P3.2.5
P3.2.6
P3.2.7
P3.2.8

Vsre1=-1.3V; Vsrer = 2.2 V.

Vo =20V. The 20 Q2 and 40 Q resistances are in the same ratio as the
voltage sources, so the voltages across the resistors are the same as those
of the corresponding sources.

Vo=20V.

lo =20 A. The 20 S and 40 S conductances are in the same ratio as the
current sources, so that the current in each resistor is equal to that of the
source in series with it.

lo=20A.

Vo=15.5V.

Vo=15.5V.

lo=15.5A.

lo=15.5A.

Vo =-10/3 V.

Vo =-10/3 V.

lo=-10/3 A.

lo=-10/3 A.

Vo=30V.

Vo =30 V.

lo =30 A.

lo=30A; Isgc1 =1 A; Isrc2 = 95 A.

lo=-22 A.

lo=-22 A.

Vo=0V.

Vo=0V.

Vo=1.82V.

V=10 V.

Vo=10V.

Vap =18 V; Isrc1 = -1.3 A; Isrcz = 2.2 A.

Vae=0V; Ve =-5/3 V.

Vsre1=-1.3V; Vsrez = 2.2 V.

Vo=20V.

lo=20A.

Vo=15.5V.

13



P3.2.9 V,=10/49 V; I, = 5/49 A; Vo, =15.51 V.
P3.2.10 o =15.5 A; power dissipated = 30.03 W.
P3.2.11 [,=10/49 A; V,=5/49V; I = 15.510 A.
P3.2.12 V= 30V, power dissipated = 180 W.
P3.2.13 Io =30 A; power dissipated = 180 W.
P3.2.14 o =-22 A; power dissipated = 121 W.
P3.2.15 V,=0V.

P3.2.16 I,=-10A; Vo =0V.

P3.2.17 Io=10/13 A

P3.2.18 Vsgc=8V.

Chapter 4 Circuit Simplification

P4.1.1 Vim=4V; Rm=4Q.

P4.1.2 In=0.3A; Gy=0.025S.

P4.1.3 Vin=0; Rm =10 Q.

P4.1.4 V= 0; Rr, =-10 Q.

P415 (a)Vm=0;Rm=1Q.
(b) Vin=-Vsre; Rm =0.

P4.1.6 V=16 V; Rr =8 Q.

P4.1.7 In=4.4A; Gy=0.04 S.

P4.1.8 Vin=10V; Rm =10 Q.

P4.1.9 Vi=40V; R, = 0.

P4.1.10 Iy=8A; Gy=0.

P4.1.11 Vp=70/3V; R, =20/3 Q; Vo = 20V.

P4.1.12 Io=20A.

P4.1.13 Vp=155V.

P4.1.14 Io=155A.

P4.1.15 V,=-10/3 V.

P4.1.16 Ilo=-10/3 A.

P4.1.17 V,=30V.

P4.1.18 Io=30A.

P4.1.19 [o=-22 A.

P4.1.20 V,=0.

P4.2.1 I,=0.9 A.

14



P4.2.2 Veg =-1V.

P4.2.3 Vo =-10/3 V.

P4.2.4 lo=-10/3 A.

P4.2.5 lo=-22 A.

P4.2.6 Vo =0.

P4.3.7 Vap =12 V.

P4.3.8 Ve =15 V.

P4.3.9 Vap =5 V.

P4.3.10 R, =0.5Q.

P4.3.11 Vm=0; R =14 Q; Isrc2 = 0.5 A. Vsre1 =5 V. Isgrer = 31T A.

Chapter 5 Sinusoidal Steady State

P5.1.1 (@) 3.19 +j16.37; 16.68.£78.96°.
(b) 23.19 — j18.27; 29.52 /-38.22°.
(c) -3.88 + j23.44; 23.76.£99.39°.
(d) 16.12 — j11.20; 19.63£-34.78°.

P5.1.2 (@) -312 + j840; 896.12110.4°.
(
(
(

b) 2.1667 — j5.8333; 6.223£-69.62°.
c)-5.4146 — j0.7317; 6.223.£-172.3°.
d) 0.0376 + j0.0051; 0.0379.£7.69°.
P5.1.3 -4375 - j15000; 15,625./-106.3°.
P5.1.4 3.42./17.71°; 3.42£137.71°; 3.42£257.71°.
P5.1.5 y = 0.472cos(4t — 146.2°).
P5.1.6 v = 10c0s(2007t + 72.54°) V = 10£72.54°.
P5.2.1 (@) V =145.02£-57.87° = 145.02cos(2500t — 57.87°) V; I, = -1.015 — j2.716
= 2.9c0s(25007t — 110.49°) A.
(b) Z=15.43-/5.88 Q (i) R=15.43 Q, C = 21.65 pF; (ii) Y= 0.0566 +
j0.0216 S, where G = 0.0566 S and C = 2.75 pF.
P5.2.2 Y;=0.478 —j0.0614 S.
P5.2.3 Zi=2(1+))Q.
P5.2.4 Y;=2.49 + j0.15 S.
P5.2.5 Z=-10+,5Q.

15



P5.2.6

P5.2.7
P5.2.8

P5.3.1

P5.3.2
P5.3.3
P5.3.4

P5.3.5

P5.3.6

C = 1.55 F. A

R=1Q;C=1F.
L =4.03£-82.9° A; Ve =201£-5.7° V.

V= 14900 = -isin(t) V.

32 32
Vo = 10.54./-63.43° = 10.54cos(wt — 63.43°) V.
l,=-0.0517 — j0.621 A; I, = -0.466 + j1.91 A.
l,=-4.38 — j5.41 = -6.96c0s(10% + 51.1°) A;
ly=-5.41 + j4.38 = 6.96c0s(10%t + 141.1°)A.
C=5pF.

16



P5.3.8
P5.3.9
P5.3.10
P5.3.11

P5.3.12
P5.3.13
P5.3.15
P5.3.16
P5.3.17
P5.3.18
P5.3.19

P5.3.20

P5.3.21
P5.3.22
P5.3.23
P5.3.24
P5.3.25
P5.3.26
P5.3.27
P5.3.28
P5.3.29
P5.3.30
P5.3.31
P5.3.32

P5.3.33

P5.3.37

P5.3.38

lo=2+j4A.

Vo=-9+/10 V.

Isrc = 0.5 A.

(a) Series branch is 75 nF. Shunt branch is 0.42 pH.
(b) Impedances of the T-circuit are all infinite.
Ve=-30—/90V; I =8—j6 A.

I = - A.

Vo = 0.544 — j0.543 = 0.769cos(wt — 44.95°) V.
lo =-0.0868 +j0.101 = 0.133cos(wt + 130.1°) A.
lo =0.71-j0.45 A.

V,=20£0V.

Vo =13.98 —j2.851 V.

2+/5 cos(wt — 26.6°) A.

Vo = -20+/2 V.

lsrc = 0.469 + j0.164 = 0.5219.3° A; V. = 13.4 + j11.7 = 17.8£41.1° V.

lsrc = 0.469 + j0.164 = 0.5219.3° A; V. = 13.4 + j11.7 = 17.8£41.1° V.

Vo =4.88—20.0 V.

Vo = 12.1 + j3.52 = 12.60cos(at + 16.2°) V.

lo =5 +j5 A.

lo=5+j5A.

Vo=10-j20 V.

Vo=10-j20 V.

lo=5-j9 A.

lo=5-j9A. Vsre
Ve = 31.63241.6° V; I, = 3.16 £131.6° A; |, = I,

2.24/-343°A. Vap

Vo =1.818 V. 1,

1 . 1
IN=-01A; Yy=—4-j3)=—~-36.9° S.
N N 250( J3) 50

Vip = 1—?[(4\/5 )+ ja+3)] = 7.277244.0° V; Zp, = 20117 - j5117 Q.
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Chapter 6 Linear and Ideal Transformers
P6.1.1

P6.1.2 3.5 J. The same sign of ¢4 and ¢, implies that iy and i, both enter the dotted
terminals.
P6.1.3 (@) ¢12 =500 uWh.
(b) k=0.342.
(c) M ==20 mH.
(d) Ly= 72 mH; L, = 47.50 mH.
P6.1.4 L,=6.4 H; k=2/3.

J10

P6.1.5 o= =3 krad/s.

For the maximum inductance connection: /peax =@ A, Weak =% J.
For the maximum inductance connection: /peax :@ A, Weak =% J.

P6.1.6 (a) Legs = 320 mH.
(b) Legs = 120 mH.
(€) Legs = 80 mH.

P6.1.7 I, = 2 A.
3
. L/ L,/ .
P6.1.8 (a) The fluxes due to each coil alone are —/— and N The total flux is
1 2
N1N2 '

(NL, + NL )N, +N,) |

(b) NN,
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P6.2.1
P6.2.2

P6.2.3

P6.2.4
P6.2.5

P6.2.6

P6.2.7

P6.2.10

P6.3.1
P6.3.2
P6.3.3
P6.3.4
P6.3.5

P6.3.6
P6.3.7

(C) [_1 +L2 +%+M:
N1 N2

Li+ L+ 2M.

4H,16 H, 0.5.

Reflected impedance = 8.82 + j13.22 Q. Input impedance = 8.82 + j58.22 Q.
reflected impedance and input impedance of ideal transformer =

45 -j112.5 Q.

vq and v, have the square

vy

waveform shown. The 48\ -

amplitudes of v4 and v, are 90 V
t, ms

and 48 V, respectively.

48V f-emee-
18 ud.

- j162 Q.

(@) k=1.

(b) k=0.

At 50 Hz, V1 = 19.58/-13.4°V; at 1 kHz, V|, = 4.13£-78.17" V.
Attenuation is due to the shunt inductance at low frequencies and due to

series inductance at high frequencies.

I, =0.25v2.2135° A = 0.254/2 cos(500t +135°) A;

V, = 0.2512.2135°(10 — j40)= 14.58./59° V = 14.58¢0s(500t + 59°) V;
V;=25+j12.5=12.75.78.7° V = 12.75cos(500t + 78.7°) V;

power dissipated in the 10 Q resistor = 1.25 W.

k=0.4.

I, =0.873 —/1.61 A, I, =0.0895 —j0.604 A.

lob =-0.0105 = -0.0105c0s1,000¢ A.

Z,=-jola.

I, =1.851-0.584 A, I, =-1.481 + j0.467 A. |, = 0.37 - jO.117 A, V,; = 0.772 —
j0.651V,V,=3.86—-,3.25V.

Power delivered to the 12 Q resistor = (0.388)? x12 =1.81 W;
Z;=3.48 +j3.8 Q.

I, =-0.207 + j9.57 A.

Vi =413 +j18.6 =45.3,25.3° V,
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P6.3.8

P6.3.9

P6.3.10
P6.3.11
P6.3.12
P6.3.13
P6.3.14

P6.3.15

P6.3.16

P6.3.17
P6.3.18
P6.3.19

P6.3.20

P6.3.21
P6.4.1

P6.4.2

P6.4.3

Vy =-13.6 —j10.03 = 16.89.£-143.6° V.
Iy =-0.0158 — j0.0123 A.

Vo =20l,= 17.94 - j15.53 V.

io = 1.96co0s(100nt +86.6°) A.

Vo = 19.71sin(wt — 9.8°) V.

Vo =14.33 +,20.07 V.

io = 3.33cos(500t — 7.87°) A.

Vo = 16.72cos(500t + 35.4°) V.

Vi = %(6 j)=4.6/9.46V; Zr, = % —4.060 + j1.643 =

4.38£22.04° Q.

Vi = %(11—j17)v; Zm=2+j6Q.

Vi =-26.1+9.65V; Zr, = 26.1 —j9.65 A.
VTH =-10 V, RTh =250Q.
Vi = 60(1 + ) V; Z = 3(3+ A7) Q.

160 . 20 ,
Vim=-———-(14 V;Zm=—(183-j)Q.
Th 197( +J) Th 197( J)

Z|n=j20 Q.

¢, =1.5 mWb; maximum rate of change = 1207x1.5 = 0.566 Wb/s.
At 50 Hz, 4,, =1.8 mWb; core loss increases by a factor of (60/50)° = 1.44,

or about 45%; copper loss in the primary winding also increases by about
45%.

Primary voltage must be reduced to 200 V rms.

Changing the relative dot markings gives a different output voltage, current,
and input impedance.

current rating of the 10 kV winding = 6.6 A, that of the 2.2.kV winding = 30 A.
(@) Vo =2.2KkV, Io = 36.6 A, rating = 80.52 kVA.

(b) Vo =-2.2kV, lp = 23.4 A, rating = 50.48 kVA.

() Vo =12.2kV, lIo = 30 A, rating = 366 kVA.

(d) Vo =7.8KkV, Io =30 A, rating = 234 kVA.

The insulation level of the 2.2 kV winding in (c) should be at least 12.2 kV

with respect to ground.

20



P6.4.4 The function has a pole at
w:ﬁ and a zero at a ://_j
higher frequency o = a ,
L.C @
The sketch is as shown,
assuming a >1.
P6.4.5 The pole is unchanged; there is
no zero at any real frequency. v,
The sketch is as shown. Vv,
)
Chapter 7 Power Relations and Circuit Measurements
P7.1.1 V= 402290"V.
P7.1.2 (@) S=22+j242KkVA, 1=10-j11A.
(b) 159 pF.
P7.1.3 -7.5 +j10 VA.
P7.1.4 2348 W.
P7.1.5  49.1 pF.
P7.16 R=250Q; Vere = 15 +j5 = 5,/10£18.4°V.
P7.1.7 (@) Vsre = 570 — j20 = 570.3£-2° V.
(b) p.f.= = 0.962.
(c) 86.85% .
P7.1.8 C=0.2F,orC=0.8F.
P7.1.9 Ssre1 = 12.5 + j1.83 kVA, Ssrcz = 6.5 + j4.5 kVA.
P7.1.11 Instantaneous power = 103.1[cos(76°) + cos(2x10°%t) VA; S = 25 + j100 VA in

terms of rms values.
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P7.1.12

P7.1.13
P7.2.1
P7.2.2
P7.2.3
P7.2.4
P7.2.5

P7.2.6
P7.2.7
P7.2.8
P7.2.9
P7.2.10
P7.2.11

pP7.2.12

P7.2.13
P7.2.14
P7.2.15
P7.2.16
P7.2.17
P7.2.18

P7.2.19

10
-— Q.
U

S =293 +1.46 VA.

R.m =10 Q, power absorbed = 62.5 W.
G =10 S, power absorbed = 62.5 W.
R.m = 10/3 Q, power absorbed = 40.83 W.
R.m =50 Q, power absorbed = 0.139 W.
Rim = 5/17Q, power absorbed = 90 W.

oM = 2042 Q, power absorbed = 478 W.

Rim = 160/7Q2, power absorbed = 20/7 W.

R.m» =10 Q, power absorbed = 20 W.
Zim=8(1+,2) Q, power absorbed = 78.125 W.
Rim =4.38 Q, power absorbed = 1.25 W.

(@) Z.m = 3.6 + j1.8 Q; power absorbed = 1.25 W.

b)Y Xtm=0, Rim = iQ, power absorbed = 11.8 W.

J5

(@) Yom=3.6 +/1.8 S; power absorbed =12.5 W.

(b) Bim=0, Gp = i S; power absorbed = 11.8 W.

J5
Zim=8.123 —j3.785 Q, power absorbed = 549.2 W.
a = 2.54, power absorbed = 86.21 W.
Voc =10V, Isc =-2.5 A.
R.m = 8 Q. power absorbed = 50 W.
a = 2, power absorbed =2 W.
(a) N» = 4,000 turns.
(b) N, = 6,000 turns.
(a) a =2.34, power absorbed =1.18 W.

(b) X = 2_8 Q, power absorbed =3.19 W.

(c) Ry = 25.96 Q; power absorbed = 3.53 W.
664 80

(d) Ry =29 Qand X= 29 - 2.76 Q, power absorbed = 3.77 W.
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P7.2.20 (a)a=2.34, power absorbed =1.18 W.

(b) B= % S, power absorbed = 3.19 W.

(c) Gx =25.96 S; power absorbed = 3.53 W.

(d) Gy :% Sand B= 8—8 =2.76 S; power absorbed = 3.77 W.
5

P7.3.1 Rsy= ——=5.26 Q

0.95
pP7.3.2 R, = 10V _ 200 kQ.

50 pA
pP7.3.3 -20%.
P7.3.4 9.0%.

P7.3.5 6,666,433 Q.
P7.3.6 499,990 Q.

20V
P7.3.7 a)Ry =
( ) Y 50

- 100 = 399,900 Q.

(b) 40 V.

(c) Ry = % kQ, R, = 0.4 MQ.

Chapter 8 Balanced Three-Phase Systems
P8.1.1 2.591./37.2° Q.
P8.1.2 16.432-11.5A.

P8.1.3 379.77 £ -0.19° V.

P8.1.4 IaA =59 /75° A, IAB =34 /45" A.
P8.1.5 I =2.2334£29.4° A.
P8.1.6 laa=5.82240° A, Ihg = 3£142.5° A, l.c=62-110° A.

P8.1.7 |Z4 = % =0.16 Q. Since a percentage voltage drop is involved, the

impedance per phase is independent of whether the generators are

connected in Y orin A. [Z, = % =0.16 Q. Magnitude of circulating = 10.42A.

P8.1.8 E4300 A.

73

23



P8.2.3 4.3A.

P8.2.4 12.06 A.

P8.2.5 In = 204.0£-162.7° A before the phase is open circuited and Iy =
176.8£111.6° A after the phase is open circuited.

P8.2.6 [Veal = 130.8 V, |Vi0a| = 187.4 V, |Vi50| =210 V.

P8.2.7  laa= —203 +j20 A; lbg = —20 — j20(2+ +/3)A, lec = 20(+/3 +1)(1+ ) A.

P8.2.8  l.a= —20+/3 + j20 A.
P8.2.9  13.13KkV.

P8.2.10 . =26.17£64.5°A.
P8.2.11 Iy = 12.2£-150° A.
P8.2.12 V,=181.5,-30° V.
P8.2.13 Vas =75.2/39.4° V.
P8.2.14 Ic=1.36.8.61°A.

p8215 o7 ¢

J3
P8.2.16  The single-phase equivalent circuit is 25(2 - \/5)— Jj25V with respect to n, in

series with 5 Q.
P8.2.17  Equivalent phase impedance is —j5 Q.
P8.3.1 30 +,23.49 Q.
P8.3.2 C=5.55mF.
P8.3.3 Total real power = 5.73 Kw, total reactive power = 1.27 kVAR.
P8.3.4 35.7%.
P8.3.5 Total real power absorbed = 18.392 kW; total reactive power absorbed =
7744 — 5808 = 1.936 kVAR; total apparent power absorbed = 18.49 kVA.
P8.3.6 C=1.78 mF.
P8.3.7 (@) Ic = 25.58.2180° A.
(b) Re=4.29 Q; Xc=-7.43 Q.
(c) Qs = 1900 VAR, Q¢ = -4860 VAR.
P8.3.8 Total real power = 1731 W, total reactive power -1729 VAR; apparent power
=2446 W.
P8.3.9 577 V.
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P8.3.10 363V.
P8.3.11 9584 W; p.f. =0.73.
P8.3.12 (a) 128.3 A.
(b) 491 V.
(c) 109.1 kVA.
P8.3.15 57.74 kW and 28.87 kW.
P8.3.16 W, =6.38 kW and W, = 19.62 kW.
P8.3.17 0.87.
P8.3.18 W, =39.6 W.
P8.3.19 W, =8848 W; W, =5572 W.
P8.3.20 -125.1 Q.
Chapter 9 Responses to Periodic Inputs
P9.1.1 (a) 20 ms;
(b) Function is not periodic.
P9.1.2 (a) period = 0.02 s; f(t) = 0.5sin(100xt) + 0.5sin(300t).
(b) period = 0.02 s; f(t) = 0.25 — 0.25[0.5cos(2007t) + sin(200xt)] +
0.25sin(400f) + 0.125co0s(600xt)].
P9.1.3 1/x.
P9.1.5 f(t)=1.5 +%n§ n—L(cos(—J 1 jsin( D in trigonometric form: a, =
n=0
1.5, a, :%[cos[%jJ]: ”28’12 ,n=1,3,5,7, etc., a, _—%, n=
2,6,10,14,etc.,and a,=0,n=4, 8,12, 16, etc. b, = 8 sm[n”j 0 for
n’z? 2
even n, bn:%t n=1,5,9, 13, etc. and b,= - 28 7, N=3,7, 11, 15, etc.
z°n zn
P9.1.6  fit) =2 ;:2?72 cos%”(t ).
P9.1.7 fith=6 _nzés,...;z 2,2 cosnzut N g:s %sinnmﬁ.
P9.1.8 a,=0forevenn, and a, = nzj forodd n; b, = n_; for even n, and
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= i for odd n.

b
" nrx
P9.1.9 At Ay + A=A cosapt + 3(M coS2 apt - A+ Ay cos4apt +
Vs Vs 3 15
_q\n+1
At cosBant + ... + L 12) (A; + As)cosBant + ...
5 4n° -1
4A_ 2A
P9.1.10 a, = —ﬁ, and bn = nr .
2(ecosnz —1) 2(e-1) 2(e+1)
P9.1.11 aya,= ———-——+,a,=——— forevenn,and a, =—————
@) & 1+ n?7? " 14+ n?7? 1+ n?7?
odd n.
(b) b, = — 2n7r(600§ n27T_1); bn — _%62_21) for even n, and
1+n“x 1+n“x
b, =%62+21) for odd n.
1+n°x

P9.1.12 (a) f(t) = A + A cos w,t + 1cos 2wt + 1cos 3wyt + icos S5yt + ... |.
4 7 2 9 25
(c) the FSE of the required function could f(t)
be obtained as the product of —f(t) of
A
Eq. (9.3.12) and the FSE of the /\ 1 A

for

rectangular pulse train shown.

T/2
-Ti4 T4 T
PO.113  (a) f(t)= 2 — (22 cosapt + 2 sinwyt) — - sin 2wt —
4 'z s 2
(2—Azcos 3wyt +isin 3awyt) - fit)
9z 3z ‘A
1
A sindayt ...
4z
(b) The FSE can be obtained as the -1/2 T2 T
product of the two functions shown.
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P9.1.14

P9.1.16

P9.1.18

P9.1.19
P9.1.20

P9.2.1

P9.2.2
P9.2.3

P9.2.4

P9.2.5

P9.2.6

P9.2.7
P9.2.8

P9.2.9

f(t) = A (%cos ,t —Asin @,t) +isin 2wyt —
4 r /4 2

2A A . A .
(WCOS 3wyt - gsm 3wyt) + Esm 4oyt — ...

C, = pcli-on?),

f(t) = 1+l cosZt+9sint |+ sinat + 1 —0083—ﬂt+93in3—”t n
4 r 2 2 3 2 2

1 coss—”t+98in5—ﬂt +.. .
5 2 2

The harmonics vary with n as 1/n°.
as; =-1.1024, a; = 0.6460, as = 0.4564, b, = 3.4065, b3 = 0.2, bs = 0.0935.

Vo = 8A2’" @ CR sin(wyt — o) + @ CR sin(3wyt — a)+
7* [ 1+ 0?C?R? 3,1+ 902C°R?
®,CR

sin(5mpt — @) + ...
5,1+ 2502C*R?
4.37cos(wt + 158.5°) + 0.34cos(wt + 130.2°) + 0.085cos(wt + 116.9°) V.
vo(f) = 31.83 + 3.00cos(200xt + 12.8°) + 0.138cos(4007t -174.1°) +
0.026c0s(600t +3.85°) V; rms of AC components of output=2.12 V.
Vo(t) =25 + 25.44c0s(200xt + 38.9°) + 0.63cos(400xt -172°) + 0.13cos(600 7t
+4.64°) V; rms of AC components of output=18 V.
Vo(t) = -0.0106cos(10°% — 90.38°) -0.0018cos(2x10° — 90.13°) -
0.00074cos(3x10% — 90.08°) -0.0004 1cos(4x10° — 90.06°) -
0.00026c0s(5x10°% — 90.05°) V. The second harmonic is attenuated by a
factor of 0.013. The capacitor blocks the DC component from the output
without affecting the AC component.
vo(t) = 85.1cos(ant — 85.8°) + 3.03cos(3ant — 89.7°) +

0.651cos(5mpt — 89.8°) V.
10 V.
0, wt, 20t, 20t, 3wt, and 4 oit.

Vo = g + \/Ecos(a)ot— 63.4°) + 2.06 cos(2apt — 76.0°) + 2sin3 ot —

2cosd apt V.
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P9.2.10  v,(t) =4 + 24.8sin2,0007t — 4cos4,000xt — 1.6sin6,0007t V. The output does

not possess half-wave symmetry because of the DC and the cosine terms
due to vZ.

P9.3.1 rms value = 9.46 V; % error =0.56%.
P9.3.2 11.87 A.

P9.3.3 5A.

P9.3.4 4.44W.

P9.3.5 ly=25V11/3A, Is= 25/\3 A, V;= 2.5/110/3V, and V; = 2.5¢/82/3 V.
P9.3.6 2455/3 V.

P9.3.8 (a) rms value = 14.44;
(b) f(t) = -20sin10%t + 4sin3x10%t — sin5x10°t + 0.2sin7x10°t.
(c) The function is odd and half-wave symmetric.
If the function is negated, f(t) = 20sin10°t — 4sin3x10°t + sin5x10% —
0.2sin7x10°. the rms value is the same and the function is still odd and half-
wave symmetric.
P9.3.9 (a) 9.54 V.
(b) 13.11 A.
(c) 12 W.

Chapter 10 Frequency Responses
P10.1.1  (a) 0.958sin(0.3x10% — 16.7°) V.
(b) 0.707sin(10° — 45°) V.
(c) 0.316sin(3x10% — 71.6°) V.

Voljo) __ 5x10°

P10.1.2 H(jw)= st :
Isre (Jo) 1+ jo

V/A; response is lowpass; passband gain =

5x10%; corner frequency = 1 krad/s.

Vo(jo) 2.5x10%jw

P10.1.3  H(jo)= = :
Isre (Jo) 1+ jo

V/A; response is highpass; passband gain =

2.5x103% corner frequency = 1 krad/s,

P10.1.4 Yo __R, L

= X ; the effect of R, is to reduce the magnitude by
Vi Ri+R, 1+sC(R||R;)

R./(Ry + Ry) and to increase the cutoff frequency from 1/CR; to 1/C(R4||R2).
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P10.1.5

P10.1.6

P10.1.7

P10.1.8

P10.1.9

P10.1.10

P10.1.11

P10.1.12

H(jew) = 05 _. |H(ja)]—L, ZH(jw)=—-tan"(40w); response is

1+ j400’ 1+ (400)?

lowpass; passband gain = 0.5; corner frequency = 25 krad/s.

4w .y 400 N
H(ja))—m, |H(/a)]_m, ZH(jo)=90°" —tan™'(400) ; response

is highpass; passband gain = 1; corner frequency = 25 krad/s.

3
VIA; H(jo) =232 v,

H(j(d)_ 2)(103
1+(0.090)

1+ j0.090

ZH(jw) = —tan""(0.09w); response is lowpass; passband gain = 2x103;

corner frequency = 100/9 krad/s.

, 5x10°w , 5x10°w
H(/w)zj.—_‘;;w( w}: ERvE
1+j3x10%0 J1+(3x10w)
ZH(jw)=90" —tan™(3x10™*w); response is highpass; passband gain = 1/6;
corner frequency = 10/3 krad/s.

1/6

=———— where wis in Mrad/s. It follows that
1+ jw25/3

H(jw)

|H(ja)) :L
J1+(25013)

passband gain = 1/6; corner frequency = 120 krad/s.

. ZH(jow)=—-tan"'(25w/3); response is lowpass;

. 0.8 . 0.8
H(jo) = —25 It follows that |[H(jo) = ———22
Uo) =170 04 je o) J1+(0.040)?

Z/H(jw)=—tan™(0.04w); response is lowpass; passband gain = 0.8; corner

frequency = 25 krad/s.

. j0.05w . 0.05w
H =—2"""" |t follows that |H = ——,
Vo) =106 o) 1+ (/16

Z/H(jw)=90° —tan™'(w/16); response is highpass; passband gain = 0.8;

corner frequency = 16 krad/s.

. 2jw , 2w
H =——— |t follows that |H =——,
Vo) =41 8w o) 1+ (1.80)

ZH(jw)=90" —tan"'(1.8w) ; response is highpass; passband gain = 10/9;

corner frequency is a = 5/9 krad/s.
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. 10/9
1+ jo/180

10/9
1+ (01807

ZH(jw)=—-tan"(#/180); response is lowpass; passband gain = 10/9; corner

P10.1.13 H(jw) . It follows that |H(jw) =

frequency = 180 krad/s.

P10.1.14 20log,o|H(jw)|, dB
0.1 1 0 o
0 T — T3 @
-3 High-pass

/ |~ Low-pass

P10.2.1 No, the lowest-order bandpass and bandstop filters are second order.
P10.2.2 R=10kQ, C=25nF,and L =4 mH.

P10.2.3  20log1,2 = 6 dB.

P10.2.4 Ly=0.1 mH, L, =0.3 mH.

P10.2.5 - 20
g

P10.2.6  10*rad/s.

P10.2.7 (a) H(s) =2L, where s is in krad/s.
s +5s+625
(b) 25 krad/s.
(c) Q=5.

(d) BW = 5 krad/s.
P10.2.8 Qs reduced from 200 to 500/3.
P10.29 (a) Q=1/3.
(b) Q=1/2.
The interpretation is that when k is large, the circuit composed of kR and C/k
has a negligible loading effect on the first circuit. The two circuits, of identical

time constant RC, are cascaded but effectively isolated.
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P10.2.10 (a) w. =5 krad/s, R =200 Q.
(b) the response is -20.04 dB when the switch is open and -46 dB when the

switch is closed.

P10.2.11 (a) H(jw)=1 at all frequencies.

(b) Phase angle varies between 0 and 360°.
P10.2.17 0.56.
P10.2.18 ) Response is highpass with peaking.

(a
(b) 40 dB.
(c) 0.9951w,and 1.0051w, . For a bandpass response having Q = 100, the

half-power frequencies are at 0.9950w,and 1.0050¢j, .
P10.3.1 R=1000+2 Qand L =0.1H.
P10.32 R=1000+2 Qand L' =0.1H.

P10.3.3 VVO =L§2R 1 ;C=52/€(\/§J_r1)n|:,
SRC 162,49 1 R 1 Ri+R, d
CR, L) LC R,
J6
L=/371).
47r(\/_ )
2
p1034 o __FR s :

LC R, +R,

76 7T\ 6
3
p1035 o) _ sk ; L=15.9 mH, C = 7.96 nF.
Vero(S)  25°C2L+s 2(2LC +C?)+2sC+1
P10.4.3 (a) Vo -
VSRC
TN B L
R, CR, L) LC _
(Roe+Ro)gz, s [1 + Y(R..R, +R.Rs +R RS,C)} o RostRL)
R,.+R.|C L LC(R, +R:)

() @, =10.01 krad/s, Q=6.27 .
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P10.4.4 (a)0 dB.

s(s+10°)x10°
(s +100)(s +10*)(s +10°)

(b) H(s)=

Chapter 11 Duality and Energy-Storage Elements
P11.1.1  The circuit of Fig. P1.2.10 is the dual of the circuit of Fig. P1.2.7, and the
circuit of Fig. P1.2.9 is the dual of the circuit of Fig. P1.2.8.

P11.1.2 Itis the same transformer with the input and output interchanged.

P11.1.3 The series impedance is a resistance of 1/20 Q in series with a capacitive
reactance of —j/30Q2. The shunt impedances consist of a resistance of 1/8 Q
in parallel with an inductive reactance j/12 Q.
P11.1.6 R/»=0.1Q, power
absorbed = 62.5 W.

0.1/

50A<T> 10 S 20S G,
|1

P11.1.7 (a)Y,=36+/1.8S;
maximum power
absorbed =12.5 W.

(b) Bum =0, Gim = 10.£0° A
9 rms T 28

— S; power
V5
absorbed = 11.8 W.
®
-j5S
P11.1.8
a:
° °
1040°<T 10S _
Arms G ,
2S 48 x JBS

(a)a= ‘,10\/5 = 2.34; power absorbed = 1.18 W.
5.766
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P11.1.9

P11.2.1
P11.2.2

P11.2.3
P11.2.4

P11.2.6

P11.2.8

P11.3.1

P11.3.2

P11.3.3

(b) B= 80 ; power absorbed = 3.19 W.

29
(c) Gx = 25.96 S; power absorbed = 3.53 W.
(d) Gy :@ S,B= 80 =2.76 S, power absorbed = 3.77 W
29 29
Iy = 10 , where sis in G,
lspe S+21/2 l
/

krad/s; response is lowpass. ‘

Isnol) <T G, ng

p=t)Ws; w=1J.

p=105(t -2)Ws; w=10J.
p=10(1- 6% )s(t —1) Ws; w =-6.49.
(a) —21.17.

(b) 13.

1,

For the train of positive-going impulses, C, = % =C, ; the amplitude

spectrum is a series of lines of height 2A,,/T and the phase spectrum has

zero angles.

For the train of negative-going impulses, C, = —%, C, = (-1 %;

amplitude spectrum is the same as before, whereas the phase spectrum is

the

180¢° for even n, including zero, and is zero for odd n.

For the delayed square wave, C, = —jzﬁ; the amplitude spectrum is a
nrz

series of lines of amplitude 2An ; The phase spectrum is -90° for positive n
nz

and 90° for negative n.

2,

3

18 mH.

(&) I =N
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P11.3.4
P11.3.5
P11.3.6
P11.3.8

P11.3.9

P11.3.10

P11.3.11

P11.3.13

P11.3.15

15/41 F.
5/8 F.
2.2 H.
(a) 2.35 V; charges on capacitors are: 47/5 C, 141/10 C, and 47/2 C.
(b) Initial energy =56.75 J; final energy = 55.225 J.
(@) g1r=—-78/31 C, q2r = 15/31 C, q3r=170/31C; v,; =39/62V,
vy =5/62V,and vy =17/31V.
(b) Initial energy = 56.75 J; final energy = 2.31 J.
(@) 4y =—2Wb-turns, A,y = -6 Wb-turns, A;; =18 Wb-turns; i, =-0.5A,
iy ==1A, and i3 =1.5A.
(b) Initial energy = 98 J; final energy = 17 J.
(a) final current: 20/11 A; final flux linkage are: 80/11Wb-turns, 120/11Wb-
turns, and 240/11Whb-turns.
(b) Initial energy = 98 J; final energy = 400/11 J.
q1r=2-04=16C,qx=-3-04=-34C,q4s=3-04=26C.
Vi =4/15V, v, =-17/15V, v4 =13/15V. The charges on C; and C, are:
95 =13/15C and q,; =26/15C.

Vo = 20e *°'V/, where tis in s.

Chapter 12 Natural Responses and Convolution

P12.1.1

P12.1.2

P12.1.3

i, =2e7"* A, v, = -40e™"*°V, where tis in ms.

v=2e"*Vand i, =-40e " A, ,
h 208
where tis in ms. — AN\

|
VSRC(t) 5s§ F__ v
!

v =-50e°'V, where tis in ms.
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P12.1.4

P12.1.5
P12.1.6

P12.1.7

P12.1.8

P12.1.9

P12.1.10 j, =-100e""A.

P12.1.11 v, =-2e'V.

P12.1.12 i, =-10e"A.

P12.2.1

i =-50e°" A, where tis in ms. _’» 10 kS
AVAVAY,
()
v =-90e°'V, where tis in ms.
i =-90e % A, where tis in ms.
i1 :ée—2.5t A, I'2 :ie—Z.St A
3 3
V1 — 262.51 V, + V1 _
3F
v, _dgesty e |
3 |
+
Isre 10S v 2F 6F
_ ®
v, =—100e "'V, ,
Ic
. 1TF_1
Isrc T 58 -
Sve
ic
, 1F_[
Isrc T 58 -
4i.

(@) R =2aw,L =1000 Q.

(d) ve =10 (t+1)V, v, =10e'(1-t) V, where tis in ms.
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P122.2 (b) R, =0.0010; v, =20te mV, i, =106 (t +1)A, ig, =106 (1-t) A,
where tis in ms.
P12.23 (c) vo =10e'(1-t)V, v, =10e'(t - 3), where tis in ms.

P122.4 (a) s,=-1000(2— 3 )= - 267.95rad/s, s, =—1000(2+ /3 )=-3732.1 rad’s;
0.07

Q=0.25; vg(0") =10 V; i, (0") =80 mA; A=0.04 - ——A;
c(0%) 1(0%) 73
0.07
B=0.04 + —A.
J3
(€) vg = 10e2t(cosh 3t —%sinh ﬁt]
ot 26 . .
v, =10e (—15cosh \/§t+ﬁsmh \/gtJ V, where tis in ms.

P1225 (a) s, =-200(1- j26) radss, s, = -200(1+ j24/6 ) radls; Q = 2.5; v¢(0%) = 10

V: (07 = 8 mA; A=0.004— 9923 A B_0004+ 29234

6 G

(b) i, = e‘”s(S cos 0.4\/§t+£sin 0.4\/§tJ mA, where t is in ms;

J6

v, = e‘“5(8.4 cos 0.4+/6t 14240 0.4\/51‘) V, where tis in ms;

G

Ve = e"’5(10cos 0.4+/6t —%sin 0.4\/€tj V, V, where tis in ms.
P12.26 (a) R=250Q.
(d) i,=5e""?(2—t) mA, i, = 30e "2 —5te”""?mA, where tis in ps.
P12.2.7 (a) s,=-10°rad/s,s, =-2.5x10%rad/s; Q =0.19; i,(0") = 10 mA,;
ve(0")=-26V; A=1/24V and B=-626/24V.

-t/10 —-2.5¢
(b) v, = e _ 625e V, i, = _ie_”m . 125 o250

S mA,
24 24 12 12

—t/10
oo e 6250
60 24

5 6
6710 t s 625672.5%]0 t

, Where tis in
24 24

mA, vy =—

us.
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P12.2.8

P12.2.9

P12.2.10

P12.2.11

P12.2.12

P12.2.13

P12.2.16
P12.3.1

P12.3.2

P12.3.3

(a) s, =-0.4x10° + jO.3x10°rad/s, s, =—-0.4 x10° — j0.3 x10° rad/s;

Q=0.625;i(0") =10 mA; v,(0") = s

B-—a+jly.
6

-8V A=—4—j%V,

(b) v, = —e°"”(80030.3t—§sin0.3t), i = 10e°"”(coso.3t—%sin 0.3tj mA,

i = O.4e‘°"”(39 cos 0.3t +%sin O.StJ mA, where tis in ps.

(@) B=1.
(b) B =~/2-1.
(a)ﬂ=1/._ "cl' i |
(b) B =2 -1. . S
’SRCCT) A 1mF___ 1oos§ v
100 nH
. n
B=5J2-1, c=+2-1.
ﬁ=5j_§—1, icl' T
oot "SRc<T> 1mF—— 1oos§ v
Bic+oi; 2 uH

L=6.25H, R=5KQ, v, =2x10*te™ " V.

=4cos2t+6J.
1+e2-2¢",
(a) isin ot
> )
(b) 1cosa)2‘+ sinot .
2 2w

(c)

@* + a*

2

wsinhat —asinowt

2

2

y:—%,Oststy: %—2t+1, 1<t<3;y= %—2t+1,3§ts4;

3t?

t
=2 114t-31,4<t<5 y=——
Y= =3

2
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P12.3.4

P12.3.5

P12.3.6

P12.3.7

P12.3.8

P12.3.9

P12.3.11
P12.3.12

P12.3.13

_t . 3t? .
y= 5 -8t+30,6<t<7 y="-22t+79,7<t<8;

2 2
y=—%+10t—49,9£t£11; y=%—12t+72,11 <t<12;

y(t)=0,t>12. Att=5,y = 3/2.

The functions to be convolved are:
2
FN(t) = —%u(t) |7 = 2t + At - 1) + |- £ + 6t —9u(t - 3)

2
+ |12~ 10t + 25)u(¢ - 5) +[—%+6t—18}u(t—6), and:

g"(t) = 6(t)-26(t —3)+ 5(t - 6).
3

t ) t° 2 2 .
y=- it 0<t<t y=L_2243t-2 1<t<2;
6 2 3

3 3
—t—+4t2—11t+ﬁ, 2<t<3; t——2t2 +7t—@, 3<t<4;
2 3 6 3

y(t) =0, t>4.
The functions to be convolved are:

FE(t) = (§+ tJu(t)+(—t2 +2t —1)u(t —1)+(§—3t + 4Ju(t -2), and:

gV (t)= 8(t)—u(t)+ 2u(t —1) —u(t —2) - 5(t - 2).
y=9t0<t<1;y=18-91<t<2;,y=2t—-4,2<t<3;,y=8-2f 3<t<4,
y=t—4,4<t<5,y=6-15<t<6;y=0,t>6.
y=14t0<t<1,y=2-1<t<2;y=2t—-4,2<t<3;,y=8-21,3<t<4;
y=9t—36,4<t<5,y=9(6-1),5<t<6;y=0,t>6.

4 [ gl-a+11cr 0
0)=—| ———«———| .
v CR[—aH/CR B

8u(t—1) — 12u(t — 3) — 4u(t — 6) + 6u(t — 8).
y=t+1V, t<0;, =2te' —t+1V, t>0.

(a)y=£+l‘+1 —1<2‘<0'y=—§t2+t+l 0<t<1;
2 2’ —_ —_— H 2 27 —_ —_— H
3, 7 t? 9
= —t°-5t+—,1<t<2;y=——+3t——, 2<t<3;y=0,t>6.
=3 "2 Y= et Y
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P12.3.14

(b) The functions to be convolved are:
g™ () = ( +t+1j (t+1)—t2u(t) + (ﬁ—t+ljU(t 1), and:
2 2 2
fOt)=8(t)-25(t 1)+ 5(t-2).
The two functions are expressed in terms of step functions as:
f(t)=2u(t)—3u(t -1 +u(t -2);
g(t)=2u(t)+u(t—1)—2u(t-2)—u(t - 3).

Chapter 13  Switched Circuits

P13.1.1

P13.1.2

P13.1.3

P13.1.4
P13.1.5

P13.1.6
P13.1.7
P13.1.8

P13.1.9

P13.1.10

P13.1.11

P13.1.12

P13.1.13

P13.1.14

VO = _806_5t V

ve= =50 + 95¢7/3°V, where tisin ms; vc =0 att = 19.3 ms.

k= ——i, =——e %72 mA
6 6

5J.

1.44 kHz.

ve=30(1-e¥)V, j =3+ 66 mA,
Vo =24 + 48"V,
Vo= —12.8(1-e%®) Vv, 0<t<1s; vy =8+(-19.21 12V t> 15,

vi(t) = 520 e 11400y 0 <t <50 ps; v(t) = 38.9e 020y 50 <t<100ps;

V(f) = 30.3¢ 71710001400\ 1 > 100 s .
ve =10e7"°V, where tis in ms.

, 1 _ o
i =3e 12 mA, where tis in ms.

X

160(

Vo =—(1-2¢7") V.

Switch in position b: v, = 14.86(1 —e‘”o'”)v, where tis in ms;

switch in position c: vc = 0.94 + 9.06e"%8)/476 v/ t>0.83 ms,

v,=12-8e?""#V, t>0s.
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P13.1.15

P13.1.16

P13.1.17

P13.1.18
P13.1.19

P13.1.20

P13.1.21

P13.1.22

P13.1.23
P13.2.1

P13.2.2

P13.2.3

(a) vo = 6(1—e) V, iy =66 mA, t> 0 ms.

(b) energy delivered by supply = 72(1 - e‘t) mJ; energy absorbed by battery
=36(1—e!) mJ.

(c) 18 J.

(d) ve =—6+12¢"V, i, =-12e™"; as t' > w, energy delivered by battery =
72 J, net energy lost by the capacitor = 0, energy dissipated in resistor =

72 J.

iy = ?(1- e?¥),0<t<1ms;i;=4.96e" mA, t>1ms.

v, =75¢"'V, R=1250/3 kQ.

iy=e*" A,R=50Q.

Vo =12e72"'8V t> 0 ms; final current is 8/7 A in the 0.8 H inductor, 3/35 A in
the 0.4 H inductor, and 43/35 in the 0.2.H inductor.

v, =108V, t>0 ps.

Vo = 1680 +ﬁe_101”16 V, t>0.
101 1010

ii= 4(t+e ™) v, t>0.

vi = 1.35%3" >3 ms.
a)311.88 Q.

b) 289.48 .

(a)
(b)
(@) ve(0")=0,i,(0")=0, v, (0")=10V,and i(0")=10A.
(b) underdamped

(c)

c) i, =10e™"?sin(t/2)A; v, = 10e™"?[cos(t / 2) - sin(t / 2)]V;

VC =

10[1- e '?((cos(t /2) - sin(t 1 2))| is

V; i =10e "% cos(t/ 2) A. 1 NNN\——
l +

L
@) ve(07)=0,7,(07)=0, 10u(t)A<T 1HS v 2FT— v
i.(0")=10A, and

v(0T)=10V.
(b) underdamped.
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(c) vo =10e™"2sin(t/2)A; iy = 10e™?[cos(t/2) - sin(t / 2)]V;
i, =10[1—e"?((cos(t/2) - sin(t/2))] A; v =10e"'? cos(t /2) A.
P13.2.4 (a)500 Q.
(b) i, (0*)= 100 pA, vc(0*)=50 mV, and v, (0*)=-50 mV.
(c) i, = 1006 %% pA, v, =50e %% mV, where tis in ps.
P13.2.5 (a)5008S.
(b) vc(0)= 100 pV, i (0*)=50 mA, and ic(0") = -50 mA.
(c) ve = 1007 %% Vv and i, = 50e %% mA, where tis in ps.
P13.2.6 (a)p=0.
(b) v=100te™™V, ic = 100(e™"" — 10te™") mA, and
i, =100 —100(e™"® + 10te™"”) mA, t being in ms.
P13.2.7 (a)p=0.
(b) i=10te™ mA, v, =0.1e7 "% —te'V, and i, = 100 —100(e"* + 10te™®) mA, t
being in ms.

P13.2.8 Response is underdamped; i = %e‘et sin 8t mA,

v, = 25e % [4 cos 8t — 3sin8t|mV, and
ve = 100 — 25e%[4 cos 8t + 3sin8t]mV, where t is in ms.

P13.2.9 =20e'sintmAand v, = 10e‘(cost —sint) V, where tis in ms.

P13.2.10 o =20 [(4+\/§)eﬁ“2—(5+2\/§)e’£”2]v, where tis in ms.

" 1++/3
P13.2.11 v, =e'|[160+280/3 )32 + (160 — 280 /3 p~'2 |V, where tis in ms.
P13.2.12 vo=0.
P13.2.13 v, =e*V,

Chapter 14 Two-Port Circuits

V, 1 1 99 1
Z, =—=—Q, 2,=—Q; Z,, =——Q, Z,, =-——Q;
L T e L - T e T 4

P14.1.1

Y11 = 1.5 S, Y12 = -0.5 S, Vo1 = 49.5 S, and Yoo = 0.5S.
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P14.1.2

P14.1.3

P14.1.4

P14.1.5

P14.1.6

P14.1.7

P14.1.8

P14.1.9

P14.1.10

P14.1.11

P14.1.12

hyy ZEQa hqy 2%’ hy =33, hpy =17 S;

3
911 =918, @21 =-1, g5, =-99, g,, =2Q.
1 1 17 1
ay=——7, p=""———Q, ay=——-S. ay =——;
M7 99’ P 4957 ¥ 337 72T 33
1
Z11=1 Q, z1o= 1 Q, 751= -0.5 Q, z5o= 0.5 Q;
I
y11=0.58S, y12=-1S, 1= 0.5 S, YZZZVL V,=0 — 1S.
2
hi1=2Q, hi=2, hy1=1, hy=2S;
g11= 1S, g12= -1, 921= -0.5; g»= 1Q.
an=-2, ap=-2Q, a»=-2 S, axp=-1,
b11= 05, b12= 1 Q, b21= 1 S, b22= 1.
21 =] 212=j2Q, z,y = j2Q, 2, = 0;
_ J J J
=0, =-=38, =-=8. =-=8.
Y11 Y21 5 Y21 5 Y22 4
hi1 =0, Mz =0, hyy =0 hyy =]
g1 =S, g12=2, go1 = -2, g2 = j4 Q.
1 } J
ayu =——,a12=2Q, axy =—=S; a» =0;
1 > 12~ 21 5 22
b11 =0, byp =-2Q, b =——iSb ——1
11,121,21—2,22—2-
2 . . . .
Z11=M y Z12= 140? =221 Q, Zy1= 14.60 y Z2= jG.w
1+ j6w 1+6jo 1+ j6w 1+ j6w
3 2 3
Yii=—": Y12 =———S = ¥aq, yoo= 1+—3S.
jo jo j20
_ jo 2 _ 2 1 ]
hi1= —=— Q, his==, hp1=—=; hpo=1+——S8;
1 3 12 3 21 3 22 6w
1+ j6w -4 4
=—S1 = , = - y = B Q
I 8w 9 T3 20 T 34 20 92T 34 20
3+ 2w Jo 1+ j6w l
an= ,A12="—Q, a= — S;an=—"|y_0 ==
1 4 12 5 21 4o 22 3 V-0 =5
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3 jo 1+ j6w
bri=: bio=220, by =
1 2 12 2 21 _/4(0

P14.1.13 z44= 2(8 + 1/8) Q= 2Zy, Z51= (S +1 /S) =2Z Q.

1
P14.1.14 y;1=1S=Vyo, Y12= ———— = Yo

1+ jo
2-0’+j2mw 1

P14.1.15 z, = z, =
14 jB0-207 - jo* T 1+ jB0-20° - j@°

=251,

3 1-0® + jo
14 j3w-2w? — jo*

Zy

P14.1.16 Zy1= 2+j10 Q, z1,= (1 —ja)) Q, 751= (1 —ja)) Q, Zor= 2+12a)Q

s® +5s52 +6s+1

1 1
P14.1.17 2z = Q, o= Q, 751= Q,
B 3(32 +4s+3) 2 s(s? + 45+ 3) 2 s(s? + 4s+3)

R S+2
* s(s+3)
P14.1.18 yy = N S,y = s i
Y11 [4+ja) 1—a)2+ja)J Y12 (4+ja) 1—a)2+ja) Y21
_ Jho 1+ jo
= 4 _
Y22 2vjo 1ot + o
sC
P14.1.19 hy =1, + 1 S . |
1r,+s(C, +C,) Vv, 1ir +s(C,+C,)
| SC, +9nm I, SC,(sC,+g,+1/r,)
hyy = 2= £ Chpy= 2 = 27k
l, 1/r,+s(C,+C,) Vv, 1/r,+s(C, +C,)
P14.2.4 Vi =929 _ 9 97c0s(1,000 + 4.29%) V, Z,, — 10 +2385//4
3j140 1-3j140

=605.0283.8°Q; v, = 1.6cos(1,000f — 70.4°) V.
P14.2.5 power inputis = 197.8 W, power delivered to load = 27.3 W.
P14.2.6 Zim=4-j4 Q, maximum power delivered = 100 W.
P14.2.7 R, =4.31kQ, maximum power delivered = 8.9 uW.

P14.2.8 aqq = az = 2, a, = 3 Q, and as = 18S.
P14.2.9 Z, = 0.841kQ, Zip, = % =0.196 kQ, overall gain = 8446.
P14.2.10 R, =10 kQ.
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P14.2.11

P14.2.14

P14.2.15

P14.2.16

P14.2.17

P14.2.18
P14.2.19
P14.2.20
P14.2.21

P14.2.22

Vo _10 44 9)).
v, 97
Z, =14.38-0.0156, Q, Z,,, =260 Q, v, = 12.9cos(1,000t + 0.24°) V.

M: 20-j10Q, v, =0.

Vi =0, Zm=
Th Th byy + byiZ

Src

V1 =-10.181 +j0.5325 V, Z7, = 1.0432 — j0.0546 Q,
vo = 9.23cos(1000t + 177.3°) V.

n =£+%jk9, Zyy =%+%jk9, \\;—j =0.46/-41.8".
Vo/Vsre= 0.0068 - j0.0653.
911 krad/s.
2 krad/s.
Z, =5.2035 + j1.9469 Q, Z7, = -0.3529 - j0.5882 Q,

Vo/Vsre = -0.4795 - j0.4452.
Zin = 0.3904 - j0.4589 Q, Z7, = 2.6154 + j2.9231 Q,
Vo/Vsre = 0.1308 + j0.1462.

Chapter 15 Laplace Transform

P15.1.3

P15.1.4

P15.1.9

P15.1.10

s +2s+17
CI AL
(s? +2s-15f

(a) 5 e—(s+2)

s+2

scos(1)+4sin(1)
s® +16 '

(b)

ii_ A e—aTS s A e—TS
aTl s a(1-a)T s? (1-a)T s?

A
(a) —-sr)

(1-e
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Ae—sT/Z

O sy

P15.1.11 24-47e! +23e™%.
3.4643 1.4857 0.0107 + j0.1226

P15.1.12 (a) F(s)= 0.1- + - -
s+16.7154 s+8.8198 s-2.7676— j5.1240

0.0107 - j0.1226

- , f(t) =01 &t) —3.4643 e46.7154t —1.4857 678.8198t +
§—2.7676 + j5.1240

0.2462e%7%7% cos(5.1240t — 95°).

(b) F(s) = 0.5— 3.3733  0.4727 +j0:0224 N 0.1727 —10:0224 N
s+4.0567 s-1.1176-,/21732 s-1.1176+ j2.1732
0.5140 - j0.7716 N 0.5140 + jO.7716

$+1.0893 - j1.1750 s+1.0893 + j1.1750°

f(t) = 0.581) —

3.3733e 7497 + 0.1741e"1"7%" cos(2.1732t + 7.4°) +
0.9271e"""7% cos(1.1750t — 56.3°) .

_34J4 o _1-)2
25 5

P15.1.13 x(f) = { te™ + 3 ;514 e’}u(t); because of the differences

in the values at t =0".

P15.1.14 h(t)=4e ' cos2t —2e ' sin2t.

2(7s? +8s+3)

 h(t)=e'|2-4t +t?)-2cost +6sint .
(s+1)%(s% +1) ® ( )

P15.1.15 H(s) =

P15.1.16 (a) e (iz + 1j .
S S

P15.1.18 f(t)= 6" (t)+cost.

P15.2.1  v,(t) = 5¢" where t is ms; the pole of V(s) is located at s = -1 krad/s.

P15.2.2 vo(t) = %V; The pole of V(s) is at the origin.

P15.2.3 io(t)zge‘”90 mA, where tis in us; the pole of /o(s) is at —% Mrad/s.

900 710 __saus3

P15.2.4  vo(f) = ——
19 19

, where tis in ms; the poles of V(s) are at zero and
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ﬁ krad/s.
3

P15.25 vy(t)= 0.5e7'"3V, where tis in ms; the pole of Vo (s) is at -1000/3 rad/s.
P15.2.6  v,(t)=10 V, the pole of V, is at the origin.

-4s -6s
P15.2.7 H(s)= —— Vepo= 2 - &+ &
S+1 S S S

P15.3.1 C2R2 = C1R1.

P15.3.2  vo(t) = 0.58t) — 12.5e°" t>0, %

_ 0.020-0.040/3
1+(0.020)(0.04/3) "

1| A5 )
P1533 h({t)= —|e' >/ —e 'l * /|
J5

tang

1010

100 7 131057 ; at w=10°rad/s, |H(jw)| = 1/3, and
—@W +oX Jo

P15.3.4 H(jo)=

ZH(jw) = -90°.
P15.3.5 1.265x10°rad/s.

P1536 Vo(s)= —— Vo(t) =2 e?(cos t/2 + 45°) V.

s?+s+1/2°

P15.3.7 L=25H,C=400+2 pF.

p153g Yo 256+
V, 2s°+2s+1
p1539 - 1
I, 6s+7
_t 2
P15.3.10 Vo(l‘)=2i(l—tj,|H(ja))|= 20 ,¢=tan‘1( 11a)2j_
3 \3 J(5-307) +1210° 5_30

P15.3.11 vy(t) = v (t)u(t) — v (t =Nu(t —1) V, where voq =
V6111

(1+@Je-[@“lf_(1_@}[leV_

3 183 2 183
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P15.3.12

P15.3.13

P15.3.14

P15.3.15

P15.3.16

P15.3.17

P15.3.18

P15.3.19

P15.3.20

P15.3.21

P15.3.22

Vo(t) =V (tu(t) —ve(t —m)u(t — ) V, where vo, =

e | ]
2 OSt—iS|nt+2e —11cosh \/_t 141 sinh \/ﬁt V.
125 125 125 6 Ja 6
Vol(t) =V (u(t) — vt —27)u(t —27) V where vy =

e | ]
£ OSt—iS|nt+2e —11cosh \/_t 141 sinh \/ﬁt V.
125 125 125 6 Ja 6

Vo= —Vou(t = Nu(t —1)+ vop + Vo3, Where vo4 is as derived in P15.3.11; v, =

2

—| €
V61

7[@“1} [@—11}
® +e V, and vp3 = -vouu(t—1) V.

Vo = Vo1 + Voo + Vo3, Where v is as derived in P15.3.11, v, + vo3 are the

negations of those derived in P15.3.14.

w
Vo = (1.3 + 4.5e%)u(t); |H(jw)| = ———=—, ZH(jw) = 90° - tan™ 5 = 4,
N
—t/2
= [t_lje‘t+e Cosﬁt—ismﬁt \% |HUW)|=L’
3 3 2 5 2 1+ 40?

ZH(jw) = 90° - tan” (2w) .

%(1 e (cost+smt)u(t _E( —e"””(cos(t—1)+sin(t—1)))r.l(t—1);
. _ 1 . _ 1 2(0
|H(j(0)|—ﬁ, ZH(ja))——tan 2_a)2 .
—t/2
vx=l(sint+2tsint—2cost+tcost)+ ° coshﬁt—isinh\/gt ;
5 2 5
. a)2 . 1 2w
H(jo) = , ZH(jw)=tan™ ——.
V(@ +1 + 40 o® +1
Vo = 20_ 262 —40t 40 —2[/3 V.
59 177
Vo = 2_%6—40t .20 20 o213\
59 177
v, =10+ 228 g2 cosﬂu?’z—\/ﬂe“2 sinﬂt V.
© 5 2 5 2
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P15.3.23

P15.3.24

P15.3.25

P15.3.26

P15.3.27

P15.3.28

P15.3.29

P15.3.30

P15.3.31

P15.4.1

P15.4.2

P15.4.3
P15.4.4

P15.4.5

10 me“2 cos

+ 91011 e!l? sin@

Vo =—+ t V.
3 3 33 2
vo =10 _ 97 g-mours g, V28390
3
1634 gmors gin + 97 cosh| Y2839 470 v,
/28390 10 3
ve =10 —106~™/3 cosh V28390, 337y28390 17013 gin V28390 ,
5678 3
513+/28390 Lq5|_416 . [V28390 .}
5678 /283
Vo =20 — 20 cos 5+/2t + S|n5x/_t V.
Vo =20-17 cos 542t + 4J§sin5J§t V.
Vo =100 — 73| 100 cosh 20+/35155t¢ + 1492%712”2215 inh 204/35155 t:l V.

Vo = 100—e’375°t 95 cosh 20/35155t +

i, =—0.6e"*A.

i, = _29_26—.5”44 A,

(b) L cosat +
2 20

sin ot

wsinhat —asinowt

(c)

@* + a*

17812 —————5inh 20435155 t}

V35155

Vo=38u(t—1)—12u(t—3) — 4u(t—6) + 6u(t— 8) V.
isrc = 2.54t) — 5e™, Vsre = 2.5X1).

ic =22 sint/\[2 — cost//2 .
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Chapter 16  Fourier Transform

P16.1.1 (a) —(1-e7*).

P16.1.2 (a) —sgn(t) — e 'u(t).
(b) (467 —5e")u(t).
1 L 1 .
(c) Z(t +1)e u(t)+Z(t—1)e u(t).

(d) 4 sinc(2f).
T

(e)1-e™2.
P16.1.3 f(t)= (i][1 —coszj.
Jnt 2

P16.1.4 F(jo) = 3(2 sin2w + sin )
(0]

sintt/2.

LA . 2A
P16.1.5 ft)= —j—cost#/2 +
(6 I Jmtz

P16.1.6 ff) = e 72 4 L [1-e2],
j2t t

2

P16.17 (a) Fjo)= Lsin 22 |- BA gin2[ 72
w 2 4

T
(b) F(j) = j2A sin(@j WAL (cos(@) - 1} .
2 ™ 2
P16.1.8 () = zsin(ﬁj - izsinz(ij .
t 2 t 4

P16.1.9 f(t)= A coS(H/2)
T

1-t?
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2
P16.1.10 F(w)= 2% [sinc %] .
2 4

2

P16.1.11 F(jw)= 12A1 sin 7z .
w

= 130 sm2a)—ﬂsm3a}
(0 (0

P16.1.13 F(jo) =

P16.1.14 F(jw)= Z 5(w-naw,), where n = 0 and F(jw) = Zﬁxgé(a}) = 7AS(w) for

P16.1.15 F(jow)= z o(w—-nw,), where n=0 and F(jw) = 27zx§6(a)) = A0 (w)

forn=0.

P16.1.16 F(jow)= Z— 8A’2" S6(w—nawy), nodd.
mn

n=—o0

P16.1.17 F,, (jw)= %Zsinc(nmz)b(w — Wy —Nwy )+ 8(w + @y — Ny ).

—00

P16.1.18 F,,(jw)= 4AS(w)+ 2Azl[5(a) — @y —Nwy )+ 8(w + wy — Ny )], N odd.
= N

P16.1.19 S(w—(a+b)).

P16.1.20 F(j)= ——

1-re /@’
~jo -j2w —jo
P16.1.21 F(jw)=— _23 +4e2 + 28 = 462 (1-sinco).
Jjo w Jjo @

P16.1.22 F(jw)= iz [3cos w — cos 2w — 2sincw)].
w

P16.1.23 F(jo)= 12 (cosw+ wsinw—1).

S

P16.1.24 f(t)=2(tcosht + sinht)u(t).
P16.1.25 H(jw)= ms(a))—i = ;r5(w)+_i; h(t) = u(t).
w Jjo

P16.2.1 vo= —6(t) g e?Bu(t).

50



P16.2.2 o= %e‘z”Bu(t).

P16.2.3 vo= 2 e‘2”3u(t)

P16.2.4 =2 e’ - ‘2”3)u(t)
P16.25 vp= 4 cos(2t+18.4°)V
L. o= — .
J10
P16.2.6 Vo= 2—35(1 6‘6”25)u(t), io=2x1072e5y(t) A
P16.2.7 Vo= % sgn(f)— 235 e ®'2y(t), io = 2e7%"'?°u(t) mA, where tis in ms.

P16.2.8 (a)io = te 'u(t) A, vo = u(t)—e 'u(t)-te 'u(t)V

(b) io = %(6‘0'5‘ —e? u(t) A, Vo= u(t)- %e-”fu(t) " %e-”u(t)v.

(c) o= 1.256 9% (sin0.8t) u(t) A, vo = [1- 6% (cos 0.8t + 0.75sin 0.8t )u(t) V.
P16.2.9 (a)io= te”'u(t) A, vo = 0.5sgn(t)—e'u(t)—te 'u(t)\V.

(b) ip = %(e‘o'a -e? )u(t) A, vo = 0.5sgn(t) —%e‘°'5tu(t) + %e‘mu(t) V.

(c) io =1.25e7°%(sin0.8t) u(t) A, vo = 0.5sgn(t) +

[ 0% (cos 0.8t + 0.75sin 0.8t )u(t) V.

, 8 16 ot 8 _ost 1
P16.2.10 | —e“u(t)+—e u(t) ——e u(t) +—e™A,
0% 5 (t) 9 (t) 9 (t) 9
4 5 20 o 16 og 0 1
Vo= —elu(t) - ==elu(t)+ —e ™ u(t)+—e™ V.
Sl (t) 5 (t) 9 (t) 5
P16.211 o= 22 e cos(0.8t)u(t) - 22 & 'u(t)+ e VA,
16 16 16

15 _ 5 _ . 15 5 _
Vo =—7ce 06t cos(0.8)tu(t) +€ 06t S|n(0.8t)u(t)+ﬁe ‘u(t)+ — 16° ey,

P16.2.12 v, = 5[—sgn(t+1)+2e’(””u(t+1)+2sgn(t)—4e’tu(t)—sgn(t—1)+
26 1 y(t —1)| v

o = 10[— eyt +1)+ 26 u(t) - e (e —1)] mA, where tis in ms.
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P16.2.13 vp = 5[— sgn(t + 1)+ 2e " u(t + 1) —sgn(t — 1)+ 2 u(t 1) + 2|t +1] -
sgn(t +1)+ 26" Vy(t +1) — 2|t - 1] +sgn(t - 1) - 26 Du(t —1)| v,
io = 5[— 26 y(t +1)— 26 Nu(t —1) +sgn(t +1)— 26 u(t +1) -
sgn(t —1)+ 2e " y(t - 1)] mA, where tis in ms.
P16.2.14 vo= 52| t+1]|—sgn(t +1)+ 2 “u(t + 1) -
4|t|+2sgn(t)—4etu(t)+ 2|t —1|—sgn(t —1) + 26 u(t - 1)] V,
io = 5[sgn(t +1)—2e "yt +1) —2sgn(t)+4eu(t)+sgn(t —1)-
2e " Ny(t —1)] mA, where tis in ms.

P16.2.15 v, =56 " Du(t + 7/2)-

%sin(t+7r/2)+sin(t+7z/2)u(t+7z/2)+%cos(t+7r/2)—

cos(t + 7 /2)u(t + 7 12)+e Dyt — z12) —%sin(t —xl2)+

sin(t—7z/2)u(t—7:/2)+%cos(t—7r/2)—cos(t—;r/2)u(t—7r/2)] V,
io = 5[— e T2yt + 7 12) —%sin(t+7r/2)+sin(t+7z/2)u(t+7r/2)—

%COS(t-ﬁ-ﬂ'/Z)-}-—%Sin(t—ﬂ'/2)+ cos(t+z/2)u(t+x/2)-

e Ayt — 7 12) + sin(t—z/2)u(t —z12) —%cos(t —7l2)+
cos(t — 7/ 2)u(t — z/2)] A, where tis in ms.

P16.2.16 v, = 5[— eyt + ) + %sin(t +7)— sin(t+ z)u(t + ) - %cos(t + )+
cos(t + 7)u(t + z)+e " u(t - x) —%sin(t —7x)+ sin(t - 7)u(t - ) +
%cos(t —7)— cos(t — z)u(t - )] V,
i = 5le " u(t + 7) —%sin(t )+ sin(t+ )t + 7)+ %cos(t )

—cos(t + z)u(t + z) —e " u(t - x) —%sin(t—;r)+
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sin(t — )u(t — z) + %cos(t — 1) —cos(t — z)u(t — )] A, where tis in ms.
P16.2.17 v, - 15[- It+2] +%sgn(t £2)— eyt +2)+ [£—2] —%sgn(t _2)+
e Dyt —2)| + 10t +3]| - %sgn(t +3)+ e 3y(t + 3)
_|t-3] +%sgn(t _3)— e Ayt -3)| v.
io= 15[—%sgn(t +2)+ e Tyt +2) +%sgn(t ~-2)- e Ay(t - 2)] +

10[% sgn(t +3)—e y(t +3) - % sgn(t —3)+ e "y(t - 3)] A, where
tis in ms.

P16.2.18 vp = (ie‘t e —ie‘m)u(t).

5 2 10
1
P16.3.2 =-—J.
4
1
P16.3.3 —J.
16
1
P16.3.4 —J.
32

P16.3.5 98.4%.
P16.3.6 (a) 38.5%.
(b) 44.0%.
P16.3.7 (a) 72.5%.
(b) 77.2%.

Chapter 17 Basic Signal Processing Operations
P17.1.1 0, o, 2at, 3wt, and 4wt, where @ = 4,000 rad/s.

P17.1.2 The amplitude of the fundamental is multiplied by J5 and its phase is
delayed by 63.4°. The amplitude of the second harmonic is multiplied by 1.03
and its phase is delayed by 76.0°.

P17.1.3 (a) Amplitude ratio = 0.415 and phase angle = -94.76°.

(b) Amplitude ratio = 0.0445 and phase angle = -32.27°.
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P17.1.4
P17.1.5

P17.1.6
P17.2.1

P17.2.2

P17.2.3
P17.2.4
P17.2.5

P17.2.6

P17.3.1

P17.3.2

P17.3.3

P17.4.1

Not if the system is causal.
No, unless 6 = kx, where k is a positive or negative integer.
27.8 us.

fa(t)=10cos(3x10°2t)+ 2.5cos(3x10°7 +10% )t
+2.5¢c08(3x10%7 —10* z)t V.

Fa(j) =107[5(0 - 3x10° 7) + 5(a + 3x10° )|+
2578(0—-3x10°7 —10*7) + 5(w - 3x10° 7 +10% 7) | +
2.57]8(w+3x10°7 —10*7) + S( + 3x10° 7 +10* 7))

50 W for the carrier and 3.125 W for each of the sidebands.

Lower sideband extends from 0.97 MHz to 0.99999 MHz, upper sideband

extends from 1.00001 MHz to 1.03 MHz.

107.

15, 30.

Spectrum is from f

mmin

to 2f, +f

max and contains the modulating
frequencies, which can be recovered by lowpass filtering and removal of the
DC component. The main difficulty is in having the local oscillator always
synchronized with the carrier frequency of the received signal.

C.rin F (jw) of the modulated signal is:

72 (n+10°) (n—10°)

i{sin[(n +10%)cy /2] sinf(n —10°)za /2]}_

, 2 -
Hinljo) = (21_—1,&;)2, hin/t) = 2e 2t(1 —2t)u(t).
Hi”V(/a)) = ﬂa hinv(t) = e_tU(t - 1)
1+ jo
H(jw)= 2{1—4] h(t) = 25(t) - 2e % u(t).
2+ jo

(a) 800~ rad/s.
(b) 800~z rad/s.
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P17.4.2

4

XS(/a)

2
Ts=23ws, OF @s = 3w /\ 3“%\ /\

P17.4.3

X(jo)
1
t + w
'CUB +a)B
Xs(jo)
Ts = "2 wg, OF ws = 207
wpB.
¥ } t w
'40)3 40)5

-3a)B
XS(ja)
wgl
Ts = rdwg, Oor ws = 2wg:
} } ¥ - ¥ t } w
_20)8 -(g g 2@5
Xs(jo)
wg27
Ts = 27[/6()5, ws = g
Aliasing now occurs. f - - ; w
g _20)8 -a)B COB 2605
The frequencies that are adequately Xs(jo)
sampled are those in the range 0 to ”5/4”/\ "~

ws/2 = wpl4. The frequencies are

folded back around this frequency. ; o :'/2 w*:/2 pa
~Wg -wp B B
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P17.4.4 The sampling Xs(jo)
rate must be

equal to twice

oo s
o
()]
N
>
.
.
.
.
.
;
-————->
>
.
.
.
.
.
.

the 1 rad/s ! f ‘ i , | ‘
3 2 A 0 1 2 3
bandwidth of
the signal, O Jjo)
i.e., 2 rad/s. I N I
N AT 0
0
P17.45 h(t)=
sinc(zt)cos(2.5%).
P17.46 Ts=1/8s,or Xs(jo)
W _27% 16 s I\ 87 4 4
Ts ! ! I I ! !
rad/s: ; ; ‘ ‘ i ‘ ‘ ; 1 ; , rad/s
-167 Ly 0 4 167
(i
Ts=1/2s, or stje)
4
f T T T T T T T , rad/s
rad/s; aliasing 167 127 -87 -4rx o 47 8z 12z 167
occurs. Xs(jo)
83
w_z_”_s_ﬁ L B e B A w, rad/s
sT T T3 127 87 -4rn 0 47 8x 12«
rad/s; aliasing occurs.
P17.4.7 f(t) = 2cos(200xt). Xs(jow)
400
XNXIXIXNINI[I o, rad/s

P1751 oy >17 0, >1/7.

P1752 «w,=4 tan(z—gj =25.26rad/s.
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P17.5.3
P17.5.4

P17.5.5

1200z rad/s.

(a) 0, 250 Hz, 500 Hz, 750 Hz, and 1000 Hz.

(b) 4500 Hz, 4750 Hz, 5000 Hz, etc.

(c) 2500 Hz, 2750 Hz, 3000 Hz, 3250 Hz, and 3500 Hz.

(d) 0, 250 Hz, 500 Hz, 750 Hz, 1000 Hz, 1250 Hz, 1500 Hz, 1750 Hz, 2000

Hz, 2250 Hz, 3750 Hz, 4000 Hz, etc. jol
Y
+

Vijo) R §

Series RL circuit to which a voltage is applied,

Chapter 18 Signal Processing Using Operational Amplifiers

P18.1.1

P18.1.2

P18.1.4

P18.1.5

P18.1.6
P18.1.7

R =100 kQ, R, =20 kQ.

C(R1 +R; + RiRs J :
R

2

The purpose of the first op amp is to isolate the input while applying v;, to the
second op amp.

(a) (1+ KR.

R

1- kk+1 “:;

(c) 2R.

(d) 1+k)R/2.

13/3 mA. R

An inverting,

(b)

summing

shown.

AA'AY
integrator is e R i
NV
R

Replacing the v,
capacitor by a —\NN—

resistors, and

the resistors by - - - -

capacitors

gives an inverting, summing differentiator.
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P18.1.8
P18.1.13

P18.1.14

P18.1.15

P18.1.16

P18.1.17
P18.1.18

P18.1.19

P18.1.20
P18.1.24

P18.2.3

P18.2.4
P18.2.5
P18.2.6
P18.2.7
P18.2.8

P18.2.9
P18.2.10

Rin = 0.
(@) R =70 kQ.
(b) VSRC =+15V.

1+&+& .
R, R;

Vo = -5/2 — 0.005*exp(-10000*t) + 2.5*exp(-20*t) V.
(a) f=11.2 Hz; phase deviation = 8.1°.

(b) 2.01 ms. ov
The simulation results V;’OV
are shown for R, = 10 RN L

kQ, Rr=20 kQ, and C;= %

1uF. -6.0V

Os 5ms 10ms 15ms

12 mV.
C,=8uF, C,=0.8 puF.

Vo

=-0.96 +,0.19.
Vsre

Si =1.26x107°.

CMRR = 10,000.
0.1%.

Avem= 10, the outputis 2 + 1 V.
(a) f.,, =318.3kHz.

(b) ... = 63.7 kHz.

0.2 ps.

(a) 5.03x107® VA.

(b) 0.71 pV .

(c) 7.1 uV.
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P18.2.11

P18.2.12

P18.3.6

P18.3.7
P18.3.8

P18.3.9

P18.3.10

P18.3.11

a)

b) Vo = Vio + Rlpp.
C) Vo = Vio — Rlpn.
d) Vo = Vio + R(lop = Ipn)-

Rz, =100 Q, R1 =9 kQ, R3 =65kQ, R, = 1kQ, R, =9.5kQ.

Vo =V,

(
(
(
(

ap = rad/s, Q = 0.5; passband gain: = %; input impedance = 10(1 — ) kQ.

R; =160 kQ, Ry =16 kQ, R, = 1.6 kQ = R,

n=1 2 3 10 50
(@ 10 -20 -30 -100 -500 dB/decade
(b) 10 -11.7 -124 -13.4 -13.8

R=31.8 kQ, 2QR = 3.18 MQ, %z‘l nF.

Highpass filter. First-order section: R, = 160 Q, Ry= 1.6 kQ; second-order
section: R1 =80 Q and R, =320 Q.

Lowpass filter. First-order section: Cs= 0.2 nF; second-order section: C; = 0.4
nF, C,=0.1 nF.

Attenuation = -23.9 dB at 4 kHz and 200 kHz, with respect to the midband

gain.

Lowpass filter.

C1=0.094 nF,

C; =0.42nF.
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Highpass filter.
R, =340 Q,
R; = 25.3 kQ.

&
NG
=
o
L
O< +

Attenuation = 16 dB at 4 kHz and 200 kHz, with respect to midband gain.

P18.3.12 C =2.25nF, A =4.93, maximum gain = 37 dB.

P18.3.13 R, =63.7 kQ, R=80 Q, maximum gain = 52 dB.

P18.3.14 R =1.6kQ, R, =256 Q); magnitude of the maximum gain = 39.

P18.3.15 R =1.6kQ, R; =32 kQ; magnitude of the maximum gainis =3.2.

P18.3.17 R =100kQ, R; = 390 kQ, we could choose Rf= 1kQ2, Rg=19.5kQ, and R, =
195 kQ.

P18.3.18 R =100k, R, =100kCQ, we can choose Ry = 500 kQ, R, =10 kQ,

Rs = 100 k.
P18.319 S%=_ 1 1R _ go go_ 1, g [CRr  |CoRe|_ go
CR C.R
SS =Q(1-A) [ =-S5, Sy =QA | 1 .
Ry ( ) C2R2 R, A C2R2
P18320 S¢ - = se__ 1 gr_ R 1 1 g 1.1
s TAYR, /R, R 1+R, IR, R T 2R, 2 K TRTK 2

Chapter 19 Electric Circuit Analogs of Non-Electrical Systems

P19.1.1 Parallel LC circuit, f =i\ﬁ. b Ve -
P19.1.2 (a) u=Uye ™ (1-w,t), where w, = ‘/ﬁ, L c +
m
RS g
(b) 2. i .
a)oe Wo--"
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P19.1.3

P19.1.4

P19.1.5

P19.1.6

P19.2.1

P19.2.2

P19.2.3

P19.2.4

o Mk +k;)
k1k2

%

The equivalent electric circuit is a series combination of L, C4, and C..

\

3| N
=

1 |k, +k,
fo=—,—=.
2r m

In the horizontal direction, K, =2.91 Ns, in the

i
vertical direction, K, =1.41 Ns, K =3.23 Ns at
+
an angle of 25.9° with respect to the horizontal. KX1) <_> L T/o
i

(a) 0.83 m/s.
(b) 8.3 Ns.
IOT L,
(c) 20.83 J.
F=F +F;.
(a) A transformer of turns ratio &.
X, Iy
R = V—o = pgH .C= i L ¢ +
lo Fo rg
I <T cC —— R § Vo
®
H=H,{1-e "), where c= 2. i R
P9 AVAVAY
Vsre <-|> cC__V
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P19.2.5

P19.3.1

P19.3.2
P19.3.3

P19.3.4
P19.3.5
P19.3.6

P19.4.1

P19.4.2

P19.4.6

The equivalent circuit is an LC circuit with an initial charge on C, with LC =

1
i fy = %.
(a) junction temperature = 164°C, temperature of the case = 155°C.

(b) junction temperature = 54°C, temperature of the case = 45°C.

40 W.

6,c =19 °C/W, maximum power dissipation =2.11W.

3.27 W.

3,626.0 W.

The equivalent circuit is that of a capacitor having an initial voltage
corresponding to 25°C and is being charged through a resistance R from a

source of voltage corresponding to 200°C; temperature at any time tis: T =

200 + (25 -200)e~"'", time t taken to reach a temperature of 195°C = 47.4 s.

In [Na ]1 I=0

—

kT
@ V,-Vi=Ey, =— P
q [Na'],

+

(b) V, -V, =E, = —ﬂln[CI—L, so that E¢, of opposite R §
q [CI V, -V

2 2~ Vq

+

__ENa _

polarity to Eps.
(a) 10~ Clcm?.

7
10 =~ 6.3x10"" monovalent ions/cm?®.

b) —— =
(b) 1.6x107"°

(c) 6x10% x0.1x107 = 6x 10"® monovalent ions/cm?®.

6.3x10"
6x10™

Vi =-70 mV; Jk = 120 nA/cm2 = -JKp.

~10"% cm.

(d)
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