Answers to Odd-Numbered Problems

Chapter 1

1.1

(a) —103.84 mC, (b) —198.65 mC, (c) —3.941 C,
(d) —26.08 C

1.3 (@)3t+1C,(b)+5:mC,
(c) 2 sin(10t + 7/6) + 1 uC,
(d) —e™*°70.16 cos 407 + 0.12 sin 407] C
1.5 25C
10A, 0<t<l1
17 joda_ ] -20A 1<i<2
dt 0A, 2<1<3
10A, 3<r<4
See the sketch in Fig. D.1.
i(A) A
10
0 >
3 4 ts)
-20 4
Figure D.1
For Prob. 1.7.
1.9 (a)10C,(b)225C,(c)30C
1.11 3.888 kC, 5.832 kJ
1.13 123.37 mW, 58.76 mJ
1.15 (a) 2.945 mC, (b) —720¢™* uW, (c) —180 puJ
1.17 10 W absorbed
1.19 -6 A, —150 W, 60 W, 54 W, 36 W
1.21 2.696 x 10* electrons, 43,200 C
1.23 $1.35
1.25 10.08 cents

1.27

1.29

1.31

1.33

1.35

1.37

1.39

2.1

2.3

2.5

2.7

2.9

2.11

2.13

2.15

2.17

2.19

2.21

2.23

2.25

2.27

2.29

(a) 43.2 kC, (b) 475.2 kJ, (c) 1.188 cents
39.6 cents

$6.451

6C

2.333 MWh

46.3 A-hour

24 cents

Chapter 2

This is a design problem with several answers.

184.3 mm
n=9,b=151=17

6 branches and 4 nodes
SA,-8A4A
6V,3V
12A,-10A,5A, -2 A
6V,—4A

2V,-22V, 10V
—2A,12W,-24W, 20W, 16 W
4.167V

—100V, 960 W

0.1 A,2kV,0.2kW
1A

35Q

A-21



A-22

2.31

2.33

2.35

2.37

2.39

2.41

2.43

2.45

2.47

2.49

2.51

2.53

2.55

2.57

2.59

2.61

2.63

2.65

2.67

2.69

2.71
2.73
2.75
2.77

Answers to Odd-Numbered Problems

56 A,8A,48A,32A,16 A
3V.6A

32V, 800 mA

60 Q

(a)2.182 Q, (b) 1.5 kQ
16 Q

() 12Q, (b) 16 Q
(a)59.8 Q, (b)32.5Q
24Q

(2)20 Q, (b) Ry, =45 Q, Ry, =7.5Q, R, =15 Q
(a) 9.231 Q, (b) 36.25 Q
(a) 142.32 Q, (b) 33.33 Q
119.75 mA

3244 Q, 15413 A

Pyyw = 102.4 W (means that this immediately burns
out), Psow = 9.6 W, Pigow = 16 W. The best way to
wire the bulbs is to connect the 100-W bulb in series
with a parallel combination of the 60-W bulb and the
40-W bulb.

Use R, and R; bulbs
04Q =1W

So, our circuit consists of the meter in series with an
18-k() resistor.

(a) 4V, (b)2.857 V, (c) 28.57%, (d) 6.25%

(a) 6.662 V (with), 6.786 V (without)
(b) 24.61 V (with), 26.39 V (without)
(c) 62.5 V (with), 75.4 V (without)

225Q
45Q
8Q

(a) Four 20-Q resistors in parallel

(b) One 300-Q resistor in series with a 1.8-€ resistor
and a parallel combination of two 20-Q resistors

(c) Two 24-kQ resistors in parallel connected in
series with two 56-kQQ resistors in parallel

(d) A series combination of a 20-Q resistor,
300-Q resistor, 24-kQ resistor, and a parallel
combination of two 56-kQ resistors

2.79

2.81

2.83

75 Q
6.667 kQ, 5 kQ

3.84 kQ, oo Q (best answer)

Chapter 3
3.1 This is a design problem with several answers.
3.3 —6A,-3A,-2A,1A,-60V
3.5 -60V
3.7 20V
3.9 79.34mA
3.11 3V,293.9W, 750 mW, 121.5 W
3.13 583.3V,100V
3.15 2945A, 1446 W, 1296 W, 12 W
3.17 1.73A
3.19 10V,4.933V, 12267V
3.21 -15V,0V
3.23 90V
3.25 25.52V,22.05V,14.842V,15.055 V
3.27 625mV,375mV, 1.625V
3.29 —-0.7708 V, 1.209 V, 2.309 V, 0.7076 V
3.31 497V,485V,-0.12V
3.33 (a) and (b) are both planar and can be redrawn as

shown in Fig. D.2.

AN
5Q
3Q 1Q
AW 4%%%%
4Q
%
2A
o)
N

(@)



Answers to Odd-Numbered Problems

AV
4Q

AN
3Q

v () 59?29
10
AV

(b)

Figure D.2
For Prob. 3.33.

3.35

3.37

3.39

3.41

3.43

3.45

3.47

3.49

3.51
3.53

3.55

3.57

3.59

3.61

3.63

3.65

3.67

3.69

3.71

20V
12V

This is a design problem with several different
answers.

1.188 A

1.7778 A, 53.33 V
8.561 A
10V,4.933V,12267V
114 V,36 A

2333V

1.6196 mA, —1.0202 mA, —2.461 mA, 3 mA,
—2.423 mA

-1A,0A,2A
12kQ, 120 V, 80 V
—4.48 A, -1.0752kV
—-0.2813
—-4V,2.105 A

217 A, 1.9912 A, 1.8119 A, 2.094 A, 2.249 A

=30V
035 -0.1 -0.05 Vi 100
—-0.1 04 -02 val=| 50
-0.05 -02 025 V3 -10

6.255 A, 1.9599 A, 3.694 A

30 -10 -10 0 i
-1 -10 i
373 0 40 0 | _
-10 -10 50 -10 i3
0 0 —-10 20 iy
375 -3A,0A,3A
3.77 3.111V, 14444V
379 -10.556V,20.56 V, 1.3889 V, —43.75V
3.81 26.67 V,6.667 V, 173.33 V, —46.67 V
3.83 See Fig. D.3; —12.5V
1 20Q 70Q 5
20V 50 Q 2A
0
L
Figure D.3

For Prob. 3.83.

3.85

3.87

3.89

3.91

3.93

90
-5

22,5 uA, 1275V

0.8078 4A, 8.345 V, 48.79 mV

1.333 A, 1.333 A, 2.6667 A

Chapter 4

4.1

4.3

4.5

4.7

4.9

4.11

4.13

4.15

4.17

4.19

600 mA, 250 V

15

25
-10

30Q

(@)0.5V,05A,(b)5V,5A,(c)5V,500mA

45V

888.9 mV

2A

17.99 V, 1.799 A
8.696 V

1.875 A, 1055 W
—-8571V

-16V

A-23



A-24

4.21

4.23

4.25

4.27

4.29

4.31

4.33

4.35

4.37

4.39

4.41

4.43

4.45

4.47

4.49

4.51

4.53

4.55

4.57

4.59

4.61

4.63

4.65

4.67

4.69

4.71

4.73

4.75

4.77

4.79

This is a design problem with multiple answers.

1A, 8W
—6.6V

—48 V

3V

9.13V

80V,33Q,2A
—125mV

5kQ, 1 mA

20Q, -84V
4Q,-8V,-2A
10Q,0V

3Q,15V

20V,20Q, 1 A

28 Q,3.286 V
@2Q,7A, (b)1.5Q,12.667 A
10Q,-3A

100 kQ, —20 mA

10 Q, 166.67 V, 16.667 A
225Q,40V, 1.7778 A
12Q,96V,8A
—3333Q,0A

Vo =24 —5I,

25kQ, 49 mW

oo (theoretically)

8kQ, 1.152 W

20.77TW

250 @, 12 mW
(0)3.8Q,4V,(1)32Q,15V

10Q, 167V

4.81

4.83

4.85

4.87

4.89

4.91

4.93

4.95

4.97

Answers to Odd-Numbered Problems

3.3Q, 10 V (Note, values obtained graphically)

8Q, 72V
(a) 80 V, 30 kQ, (b) 32 V

(a) 10 mA, 8 kQ, (b) 9.926 mA
(a) 99.99 A, (b) 99.99 uA

(a) 150 Q, 25 Q, (b) 150 &, 250

Vs
R, + (1 + PR,

10.667 V, 33.33 kQ

2kQ,5V

Chapter 5

5.1

5.3

5.5

5.7

5.9

5.11

5.13

5.15

5.17

5.19

5.21

5.23

5.25

5.27

5.29

5.31

5.33

60 uV

10V

0.999990
—-100nV, =10 mV

2V,2V

This is a design problem with multiple answers.

2.7V, 288 uA

R\Ry
R,

(a) —(Rl + R+ ) (b) =92 kQ

(a) =2.4, (b) —16, (c) —400

—562.5 uA

4.545 mA

75 mW, —1 mA



Answers to Odd-Numbered Problems

5.35 If R, =60k, R,=390 k.
5.37 —-13.6V

539 7V

5.41 See Fig. D.4.

40 kQ

Vi O——AMMW——
40 kQ

V2 O—AA——
40 kQ .

V3 o——AMA——
40 kQ

V4 0—AWA——

10 kQ

Figure D.4
For Prob. 5.41.

5.43 200 k.

5.45 This is a design problem with many correct answers.

One possible design is shown in Fig. D.5.

100 kQ

100 kQ

VO
——o0
Figure D.5
For Prob. 5.45.
5.47 14.09V
5.49 Rl = R3 = 20 kQ, R2 = R4 = 80 kQ
5.51 See Fig. D.6.
R
Vo

Figure D.6
For Prob. 5.51.

5.53 Proof.

5.55 7.956, 7.956, 1.989
5.57 6v, — 6vy,

5.59 -12

5.61 7.2V

5.63

5.65

5.67

5.69

5.71

5.73

5.75

5.77

5.79

5.81

5.83

5.85

5.87

5.89

5.91
5.93

A-25

RoRy/RiRs — Ry/Rq
1= RoRy/RiRs

2V
1.6V

2571 mV

75V

324V

—2,200 uA

—6.686 mV
—4.992V

3434 mV, 24.51 yA

The result depends on your design. Hence, let
R; =10 k ohms, R; = 10 k ohms,

R, =20 k ohms, R; = 40 k ohms,

R, =80 k ohms, Rs = 160 k ohms,

Rs = 320 k ohms, then,

=V, = (Ry/Rvy + + (R¢/Ro)vs
=v + 0.5V2 + 025V3 + 0125V4
+ 0.0625vs + 0.03125v¢

(@) |v| = 1.1875 = 1 4+ 0.125 + 0.0625 =
1 + (1/8) + (1/16), which implies,
[Vl Vo V3 V4 Vs V6] = [100110]

) | =0+ (1/2)+ (1/4)+ 0+ (1/16) +
(1/32) =(27/32) = 843.75 mV

(c) This corresponds to [111111].
vol=1+1/2)+1/4)+(1/8)+ (1/16)
+(1/32)
=63/32=1.96875V

R =200 k€, 2,000

R4 R4 R2R4
1 _ —_ _—
(r+x)-R)+ (Rl
Let R4 = Rl and R3 = RZ’

R
then vy = (1 + i)(v2 —v)
R;

R
a subtractor with a gain of (1 + R—4>
3

A summer with vy = —v; — (5/3)v, where v, = 6 V
battery and an inverting amplifier with vi = —12 v,.
9

A= 1

R R, + R,
(1 n R—;)RL _R, (—;ZRBL> (R4 n



A-26 Answers to Odd-Numbered Problems

Chapter 6

6.1 15(1 =39 > A, 3011 — 3™ W

6.3 This is a design problem with multiple answers.

20mA, 0<r<2ms
6.5 v={-20mA, 2<r<6ms
20mA, 6<t<8ms

6.7 [0.17+10]V

6.9 13.624 V,70.66 W

10+3.75tV, 0<r<2s
22.5-25tV, 2<t<d4s

125V, 4<t<6s
25t—25V, 6<t<8s

6.11 v(r) =

6.13 v, =42V, », =48V

6.15 (a) 125 mJ, 375 mJ, (b) 70.31 mJ, 23.44 mJ
6.17 (a)3F,(b)8F,(c)1F

6.19 10 uF

6.21 2.5 4F

6.23 This is a design problem with multiple answers.

6.25 (a) For the capacitors in series,

Vi C2
01=0, m=06n=y =0
Vo=V + v ——sz +v —7C1+C2v
s — V1 Z_Cl 2 2= Cl 2

C,
>V =—y
TCO+G

Similarly, v; = ﬁvs
1 2

(b) For capacitors in parallel,

V=V :%:%
1=W -G

C C +C
Q5=Q|+Q2=éQ2+Q2=IT22

or

- C2
0= Ci+C,
C
0 -0,

0,

6.27

6.29

6.31

6.33

6.35

6.37

6.39

6.41

6.43

6.45

6.47

6.49

6.51

6.53

6.55

6.57

6.59

6.61

N W
Tda T O+G "
=2
TC+G
2.5 uF, 40 uF

(@) 1.6C,(b)1C

1.5 kV,
V() = [3r = 1.5]1kV,
[0.75¢ — 7.5t + 23.25] kV,
18t mA, O0<t<l1s
i = 18 mA, 1<t<3s
[9r —45]mA, 3<t<5s
12t mA, O0<t<l1s
i = 12 mA, 1 <t<3s
[6t —30]mA, 3<t<5s
15V, 10F
3.2mH
4.8 cos 100t V, 96 mJ

[—50¢% + 50 + 207 + 801] A

5977 A,35.72]

270 ul

. 1007 A,
HOES [400 — 400 + 1007%] A,

5Q

15 mH

7.778 mH

20 mH

(@) 1.4 L, (b) 500 mL
6.625 H

Proof.

(a) 6.667 mH, e”' mA, 2¢”" mA
(b) =20~ uV () 1.3534 nJ

O0<t<l1s
1 <t<3s;
3<t<S5s

il

O0<t<ls
1<t<2s



Answers to Odd-Numbered Problems A-27

6.63 See Fig. D.7. 1 1 1
Vo=———= |vidt — ——= | vy dt ———= | v, dt
RICJ ! RZCI : RZCI ?
Vo (t) (V) 1 i
For the given problem, C =2 uF : R; = 500 kQ,
6 R, = 125 kQ, R; = 50 kQ.
4 6.73 Consider the op amp as shown in Fig. D.10.
24
0 T T T >
2 3 4 5 [ t(s)
_2 - R
—4 VWA—g
-6 - R
Figure D.7 v
For Prob. 6.63.

6.65 (2)40J,401, (0)80J,(c) 5x 107°( ™ = )+ 4A,  Figyre D.10
1.25 x 107 I D-2A For Prob. 6.73.
(d)6.25x 107%™ = 1) +2 A

6.67 100 cos(50r) mV
6.69 See Fig. D.8.

Let v, =v, =v. Atnode a,

O-v_V—W

— 2v—vy=0 1
R R 0 1
v(t) (V) Vv v P
A At node b, — =, c¥
c ] node R R + dr
_ dv
25 | v,i=2v—v,+ Rcdt 2)
0 T T T T T ; T Combining Egs. (1) and (2),
1 2 3 4 5 6 7 t(s)
dv,
—2.5 vi=v0—vo+%dt v0=RLCIvidt
=57 showing that the circuit is a noninverting integrator.
—7.5 6.75 —17.5mV
Figure D.8 i
For Prob. 6.69. 6.77 See Flg D.11.
6.71 By combining a summer with an integrator, we get vit) (V) A
the circuit shown in Fig. D.9 where C = 5 uF, g-
R, =200 kQ, R, = 50 kQ, and R; = 20 kQ.
4 -
R, c
V1 0 R
R, 1 2 N t(s)
V2 Vo -4
R
V3 y = -gJ
Figure D.9 Figure D.11

For Prob. 6.71. For Prob. 6.77.



A-28

6.79 See Fig. D.12.

Answers to Odd-Numbered Problems

10 uF

1 kQ
dv/dt 00

10 uF

£(t)

- [ft)at

Figure D.12
For Prob. 6.79.

6.81 See Fig. D.13.

100 kQ
100 kQ
v(t)
100kQ 300 kO
300 kQ
—3v + [f(t)dt

d2v/dt?

10 uF

- [f(t)at
Figure D.13
For Prob. 6.81.

10 uF

100 kQ

v(t)

100 k2 300 kQ

75 kQ

Z3v + 4 [f(t)dt = d2v/dt2

6.83 Eight groups in parallel with each group made up of
four capacitors in series.

6.85 1.25 mH inductor

This is a design problem with multiple answers.

Chapter 7
7.1 (a)0.7143 uF, (b) 5 ms, (c) 3.466 ms
7.3 15us
7.5
7.7 15¢7'Vfor0<1t<1sec,
5.518¢7 2"V V for 1 sec <t < co
7.9 107"V

7.11 127 A
7.13

7.15

7.17

7.19 5¢7u(n) A
7.21 1.618Q

7.23

7.25

7.27

7.29

(a) 16 kQ, 16 H, 1 ms, (b) 126.42 uJ
(a) 10 Q, 500 ms, (b) 40 €, 250 us

[—=15¢7#] V forall £ > 0.

106V, 1>0,2.5¢4V,1>0
This is a design problem with multiple answers.
[Su(t + 1) + 10u(t) — 25u(t —1) + 15u(t — 2)] V

(¢)z(t)=cos 4t 6(t — 1) =cos 46(t — 1) =
—0.65366(t — 1), which is sketched below.

x (1)
.3679
0 1 t
(@)
v 4
2718
0 t
(b)
z(t)
1
0 t
~0.653 (t—1)

Figure D.14
For Prob. 7.29.

1~\



7.31

7.33

7.35

7.37

7.39

7.41

7.43

7.45

7.47

7.49

7.51

Answers to Odd-Numbered Problems
(a) 112x 10, (b) 7
4.5u(t—2) A

(@ —e 2 u() v, (b) 2" u() A

(@)4s, () 10V, (c) (10 = 8¢ u(r) V
(@)4V,1<0,20 —16¢ % t> 0, 7.53
_Q,1/6
(0)4V,1<0,12 -8V, 1> 0. 755
This is a design problem with multiple answers. 757
0.8 A, 0.8¢7*0u(r) A
7.59
[20 —15¢7 14289 () V
7.61
24(1 — ™V, 0<r<1
30 —14.83¢ Vv, 1> 1 7.63
8(1—e )V, 0<r<1
[-16 + 31.17¢ MV, r>1 7.65
.o di
Ve=Ri+ L%
ST 7.67
di _ . Vs
OI'LE— —R(l —F> 7.69
di —R
—& =2
i—Vg/R L 771
Integrating both sides, 7.73
(i V)| —R
W= )=t 7.75
L= Vs/RY _ =t
nf———\))=—
= Vs/R = 7.77
12V -
-6V -
-20V -
24V

0 V(R2:2, R4:2) Time

Figure D.15
For Prob. 7.77.

i—Vg/R
S/ _ eft/r

" T—Vs/R

i(r) = % + (10 - %)e"/’
which is the same as Eq. (7.60).
(@) 5 A, 5¢7u(t) A, (b) 6 A, 6~ u(r) A
96V, 96 u(r) V
2.4¢7u(r) A, 600e™u(r) mA
120e™*u(r) volts
208 u(r) V, (10 = 5¢™u(r) A

2¢78u(r) A, =8¢ ¥ u(t) V

2Al-e™A 0<t<1
1.729¢727DA > 1

10e™u() v

48(¢7PM 1y u(ry v
[-5+5¢"u() V
—9¢u(r) V

[20 — 10¢™u(r) V, 100 uA

See Fig. D.15.

A-29



A-30

7.79 [1.75-0.75¢ " u(®) A

7.81 See Fig. D.16.

Answers to Odd-Numbered Problems

20A
15A =« « o oo e
10A — - - v oo )i B N e L
O5A 4 « +f « oo o . . e N e e e
0A 1 1 1 1 1
Os 05s 10s 15s 20s 25s 30s
o -I(L1)
Time
Figure D.16
For Prob. 7.81.
7.83 6.278 m/s 8.9 [(10+ 500 A
7.85 (a) 659.7 us, (b) 16.636s 8.11 [(10+ 10ne™ 1V
7.87 441 mA 8.13 120Q
7.89 L <200 mH 8.15 750 Q, 200 uF, 25 H
791 1271 Q 8.17 [21.55¢72™ — 1.55¢ ] v
8.19 245sin(0.5H) V
Chapter 8 8.21 18¢7'—2¢7"V
8.1 2A,12V,(b) -4 A/s, =5V /s, (c)0A,0V
@ (b) —4 A/5. =5 V/s. () 8.23 40 mF
8.3 (a0A, —-10V,0V,(b)0A/s,8V/s, 8 V/s, . . . .
8.25 This is a design problem with multiple answers.
(c)400 mA, 6V, 16 V
8.27 [3 — 3(cos(21) + sin(21))e”*] volts
8.5 (@0A,0V,(b)4A/s,0V/s,(c)24A,96V
8.29 (a)3 —3cos2r+sin2tV,

8.7 overdamped

(b)2 —de™ + ¥ A,



8.31

8.33

8.35

8.37

8.39

8.41

8.43

8.45

8.47

8.49

8.51

8.53

8.55

Answers to Odd-Numbered Problems

©)3+Q2+30e"V,
(d)2+42cos2te” A

80V, 40V
[30 4 0.3078¢™*% — 15.308¢ "% vV

This is a design problem with multiple answers.
5¢7" A

(=60 + [<0.2102¢™ 7% 1+ 60.21¢7*17) vV

[8.7 sin(4.583ne > [u() A

8 Q,2.075 mF

[6 — [5 cos(1.32291)
+ 1.8898 sin(1.32297)]¢ /] A,
[7.559 sin(1.32290)e™"/*]1 V

(400te™1 v

{9+ [(3 + 6D)e ™1} u() A

[— a)lOC sin(a)nt)] V where , = 1/VLC

(d%i/d*) + 1.25(di/dr) + 400i = 200

26 Afort>0

8.57

8.59

8.61

8.63

8.65

8.67

8.69

A-31

(a) s* 4+ 10s + 9 =0,
() [=1.75¢™ + 3.75¢u(r) A, [-21e” + 45¢u(r) V

— 48tV

24-2.667¢ +0.2667¢7" A,
9.6-16¢7% + 6.4¢7'V

i) v,

a7 RCL

szo_ Vo —0. e _ iy
i R

Note, circuit is unstable.

—te"u(t) V

See Fig. D.17.

Figure D.17
For Prob. 8.69.

8.71

See Fig. D.18.

o V(R2:1)

Figure D.18
For Prob. 8.71.



A-32 Answers to Odd-Numbered Problems

8.73 This is a design problem with multiple answers. 9.13 (a) —1.2749 + j0.1520, (b) —2.083, (c) 35 + j14
8.75 See Fig. D.19. 9.15 (a) —6 — j11, (b) 120.99 + j4.415, (c) —1
01Q 9.17 15.62 cos(50t —9.8°) V
. 9.19 (a) 3.32 cos(20f + 114.49°),
05H (b) 64.78 cos(50f — 70.89°),
CD 24A (c) 9.44 cos(400f — 44.7°)
12A 0250
9.21 (a) f(r) = 8.324 cos(301 + 34.86°),
. (b) g(1) = 5.565 cos(t — 62.49°),
Figure D.19 3
For Prob. 8.75. (c) h(r) = 1.2748 cos(40 — 168.69°)
8.77 See Fig. D.20. 9.23 (a)320.1 cos(20f — 80.11°) A,
(b) 36.05 cos(5¢ + 93.69°) A
1Q 1 Q
2 9.25 (a) 0.8 cos(2f — 98.13°) A,
1F § 159 G 2A (b) 0.745 cos(5¢ — 4.56°) A
5V
TH 9.27 0.289 cos(377t — 92.45°) V

9.29 2 sin(10% — 65°
Figure D.20 sn(l0s — 65%

For Prob. 8.77.
9.31 900.6 cos(2f + 51.21°) mA

8.79 173.61 uF
9.33 139.64V

8.81 2.533 uH, 625 uF
9.35 11.015 cos(2007 — 16.7°) A

dv Rdv R .  1dip_ v

883 St Tatietca T 1Ic 9.37 (25— j25) mS
9.39 9.135 +27.47 Q,
Chapter 9 3.972 cos(10 — 71.6°) A
9.1 ()50 V, (b)209.4 ms, (c) 4.775 Hz, 9.41 7274 cos(t — 18439) V
(d)44.48 V, 0.3 rad 9.43 13868 /33.69° A
9.3 (a) 10 cos(r — 60°), (b) 9 cos(8t + 90°), 045 isA

(c) 20 cos(wt + 135°)

9.47 10.598 cos(2000f + 52.63°) mA
9.5 30° v, lags v,

9.49 22.63 sin(200r — 45°) V
9.7 Proof

9.9 (a)50.88 /—15.52°, (b) 60.02 /—110.96°
9.53 23.66/-21.67° A
9.11 (a)21 /=15°V, (b) 8 /160° mA, ;

9.51 225 cos(2t—53.13°) A

(c) 120 /—=140° V, (d) 60 /—170° mA 9.55 (2.798 —j16.403) Q



Answers to Odd-Numbered Problems A-33

9.57 0.3171 —j0.1463 S 109 6.154 cos(10% +70.26°) V
9.59 (10 —;10) ohms 10.11 199.5/86.89° mA

9.61 1+/0.5Q 1013 29.36/62.88° A

9.63 34.69 — j6.93 Q 10.15 7.906/43.49° A

9.65 17.35/0.9° A, 6.83 +1.09%4 Q 1017 9.25/-162.12° A

9.67 (a) 14.8/=20.22° mS, (b) 19.704/74.56° m$ 10.19 7.682/50.19° V

9.69 1.661 +j0.6647 S 1021 (a) 1,0, _% \% ®0, 1, % \%

(1 — @*LO)V,
1 — w’LC + joRC(2 — @*LC)

9.71 1.058 —j2.235Q 10.23

9.73 0.3796 + j1.46 Q

) o ) 10.25 1.4142 cos(2t + 45°) A
9.75 Can be achieved by the RL circuit shown in

Fig. D.21. 10.27 7.047/95.24° A, 1.4892/37.71° A

10Q 10 Q 10.29 This is a design problem with several different
o MY MY answers.
+ +
Vv j10Q j10Q v, 10.31 1.0897/61.44° A
3 10.33 7.906/43.49° A
Figure D.21 10.35 1.971/-2.1° A

For Prob. 9.75.

10.37 2.38/-96.37° A,2.38 /143.63° A, 2.38/23.63° A

10.39 381.4/109.6° mA, 344.3/124.4° mA,
145.5/60.42° mA, 100.5/48.5° mA

9.77 (a) 26.57° lagging, (b) 1 MHz

9.79 (a) 140.2°, (b) leading, (c) 18.43 V

9.81 1.8kQ,0.1uF 10.41 [14.142 sin (2¢ + 45°) + 26.83 cos(4f + 26.57°)] V
9.83 104.17 mH 10.43 19.804 cos(2f — 129.17°) A
9.85 Proof 10.45 395.6 cos(10r + 21.47°)
+ 149.75 sin(4 + 176.57°) mA

9.87 34.96/—6.54° Q

/=654 10.47 [4 + 0.504 sin(z + 19.1°)
9.89 25 uF +0.3352 cos(3t — 76.43%)] A

10.49 883.9 cos(20f — 30°) mA

991 4uF

10.51 109.3/30° mA

9.93 3.592/-38.66° A
10.53 27.44/-59.04° V

Chapter 10 10.55 (a) Zy=Zn, =22.63 /—63.43° Q,
101 1.9704 cos(107 + 5.65°) A Vi =25/=150° V, Iy = 1.1181/-86.6° A,
103 3.835 cos(d — 35.02°) V (b) Zyy = Zay = 10 /26° Q,
105 12.398 cos(d x 10% + 4.06°) mA Vi, = 101/58° V., I = 10.176/32° A

10.7 124.08/—154°V 10.57 This is a design problem with multiple answers.
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10.59

10.61

10.63

10.65

10.67

10.69

10.71

10.73

10.75

10.77

10.79

10.81

10.83

10.85

10.87

10.89

10.91

10.93

10.95

Answers to Odd-Numbered Problems

-6 +j38Q

(=180 +90) V, (=8 +j6) Q

11.314@ A, (10 —-j10) Q

This is a design problem with multiple answers.

7.415/-84.68° V, 656.5/-90.16° mA.,
11.243 +j1.079 Q

JjI[1/(@wRCO)], V,, sin(wt + 90°) V
72 cos (2t + 29.52°) V

21.21/-45°kQ
0.12499/180°

R2 + R3 +ij2R2R3
(1 +joR,C)(R3 + joC,RyR53)

35778 /—-153.44°V

128.1'V

11.27
6.611 cos (1,000r — 159.2°) V

This is a design problem with multiple answers.
1591/169.6° V,5.172/-138.6° V,2.27/-152.4° V
Proof

(a) 180 kHz,
(b) 40 k2

Proof

Proof

Chapter 11

(Assume all values of currents and voltages are rms unless
otherwise specified.)

11.1
11.3
11.5

11.7

11.9

11.11

11.13

[1.320 + 2.640 cos(1007 + 60%)] kW, 1.320 kW
213.4W

Pio=14159 W, P, =5.097 W,
Py =Poosp =0W

1 kW
897 uW
3472 W

28.36 W

11.15

11.17

11.19

11.21

11.23

11.25

11.27

11.29

11.31

11.33

11.35

11.37

11.39

11.41

11.43

11.45

11.47

11.49

11.51

11.53

90w

20Q,31.25W

100 Q, 6.25 W

19.58 Q

This is a design problem with multiple answers.
8.165

2.887 A

17.321 A, 3.6 kW

2944V

5332A

21.6 V

This is a design problem with multiple answers.

(a) 0.8575, 17.794 kW, 10.676 KVAR,
(b) 585.1 uF

(a) 0.5547 (leading), (b) 0.9304 (lagging)
This is a design problem with multiple answers.
(a)46.9 V, 1.061 A, (b) 20 W

(a) $=1(339.4+339.4) VA,
average power = 339.4 W,
reactive power = 339.4 VAR

(b) S=(678.8—-7678.8) VA,
average power = 678.8 W,
reactive power = —678.8 VAR

(c) S=(7.637+j7.637) kVA, average power =
7.637 W, reactive power = 7.637 VAR

(d) S =250+ j433) kVA, average power =
250 kW, reactive power = 433 kVAR

(a) 4 + j2.373 kVA,
(b) 1.6 —j1.2 KVA,

(c) 0.4624 + j1.2705 KVA,
(d) 110.77 + j166.16 VA

(a) 0.9956 (lagging),
(b) 304 W,

(c) 28.64 VAR,

(d) 305.3 VA,

(e) [304 + j28.64] VA

(a) 47 /29.8° A, (b) 1.0 (lagging)



11.55

11.57

11.59

11.61

11.63

11.65

11.67

11.69

11.71

11.73

11.75

11.77

11.79

11.81

11.83

11.85

11.87

11.89

11.91

11.93

11.95

11.97

Answers to Odd-Numbered Problems

This is a design problem with multiple
answers.

(219 — j145.99) VA
j2 VAR, —j2 VAR
66.2/92.4° A, 6.62/-2.4° kVA

129.31/18.43° A

80 uW

(a) 12.5/-36.87° mVA, (b) 78.13 W
(a) 0.8 (lagging),

(b) 6.195 kW,

(c) 63.66 uF

(a) 50.14 + j1.7509 mQ,

(b) 0.9994 lagging,

(c)2392/-2° kA

(a) 12.21 kVA, (b) 50.86/=35° A,
(c) 4.083 kVAR, 188.03 uF, (d) 43.4/-16.26° A

(a) (32.14 + j7.357) kVAR, (b) 0.9748 (lagging),
(c) 100.08 uF

157.69 W
50 mW

This is a design problem with multiple
answers.

(a) 688.1 W, (b) 840 VA,
(c) 481.8 VAR, (d) 0.8191 (lagging)

() 13 A, 21.71/166.3° A, 9.588/—-32.43° A,
(b) (4.091 +j0.617) kVA, (c) 0.9888 (lagging)

0.5333

(a) 12kVA, 9.36 4+ j7.51 kVA,
(b) 2.866 + 2.3 Q

0.8182 (lagging), 1.398 uF
(a) 7.328 kW, 1.196 kVAR, (b) 0.987

(a) 2.814 kHz,
(b) 431.8 mW

1.8396 kW

A-35

Chapter 12

(Assume all values of currents and voltages are rms unless
otherwise specified.)

12.1

12.3

12.5

12.7

12.9

12.11

12.13

12.15

12.17

12.19

12.21
12.23

12.25

12.27
12.29

12.31

12.33

12.35

12.37
12.39
12.41
12.43

12.45

(a) 231/-30°, 231/-150°,231/90° V,
(b) 231/30°,231/150°, 231/-90° V
acb sequence, 100/-75° V

207.8 cos(wt + 62°) V, 207.8 cos(wt — 58°) V,
207.8 cos(wt —178°) V

44/53.13° A, 44/-66.87° A, 44/173.13° A

4.8/-36.87° A, 4.8/-156.87° A, 4.8/83.13° A

762.1 V,366.1 A
20.43 A, 3.744 kW

13.66 A

4.8/53.13° A, 4.8/-66.87° A, 4.8/173.13° A

13.915/-18.43° A, 13.915/-138.43° A,
13.915/101.57° A,

24.1/-48.43° A,24.1/-168.43° A,
24.1/71.57° A

44/-30° A, 76.21/-60° A, 0.866
106.61/-0.65° V, 106.55/119.34° V,

106.6/-120.67° V

17.742/4.78° A, 17.742/—=115.22°A,
17.742/124.78° A

91.79 V

[5.197 + j4.586] kVA

(a) 6.144 + j4.608 Q,
(b) 36.08 A, (c) 207.2 uF

7.69 A, 360.3 V

(a) 14.61 — j5.953 A,
(b) [10.081 + j4.108] kVA,
(c) 0.9261

26.24 A, (5.808 — j7.744) Q
432 W

9.021 A

4373 — j1.145kVA

2.109/24.83° kV
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12.47

12.49

12.51

12.53

12.55

12.57

12.59

12.61

12.63

12.65

12.67

12.69

12.71

12.73

12.75

12.77

12.79

12.81

12.83

Answers to Odd-Numbered Problems

39.19 A (rms), 0.9982 (lagging)
(a) 27.65 kW, (b) 9.216 kW

2.078/120° A, 2.078 /90° A, 2.078/150° A,
2.939/165° A, 1.0759/15° A, 2.078/-150° A

This is a design problem with multiple
answers.

8/-60° A, 28.84/133.9° A, 21.17/-40.89° A,

(8.64 +j1.6627) kVA

I,=3917/-18.1° A, I, =2.931/-130.55° A,
I.=3.895/117.82° A

220.6/-34.56°, 214.1 /—81.49°, 49.91 /-50.59° V/,

assuming that NV is grounded.

11.15/37° A, 230.8/—133.4° V,

assuming that N is grounded.
18.67/158.9° A, 12.38/144.1° A

11.02/12° A, 11.02/-108° A, 11.02/132° A

(a) 97.67 kW, 88.67 kW, 82.67 kW,
(b) 108.97 A

[,=94.32/-62.05° A, 1, =94.32/177.95° A,

I.=94.32/57.95° A, 28.8 +j18.03 kVA

(a) 2,590 W, 4,808 W,
(b) 8,335 VA

2,360 W, —632.8 W

(2) 20 mA,
(b) 200 mA

520 W

37.29/-19.65°,37.29/-139.65°, 37.29/100.35° A,

484.7/2.97°, 484.7/-117.03°, 484.7/122.97° V

516 V

183.42 A

12.85 Z,=2.133Q

12.87 2.77/-176.6° A, (4.581 +;2.604) kVA,
(3.971 +j2.64) kVA

Chapter 13

(Assume all values of currents and voltages are rms unless
otherwise specified.)

13.1 20H
13.3 300 mH, 100 mH, 50 mH, 0.2887

13.5 (a) 247.4 mH, (b) 48.62 mH

13.7 1.081/144.16° V

13.9 2.074/21.12°V

13.11 461.9 cos(600r — 80.26°) mA

13.13 [4.308 + j4.538] Q

13.15 (11.251 +j18.754) , 970.1/-14.04° mA
13.17 [25.07 +j25.86] Q

13.19 See Fig. D.22.

j65Q j55Q
o A11R TN ‘o)
== —j25Q
O O

Figure D.22

For Prob. 13.19.

13.21 This is a design problem with multiple answers.
13.23 100 cos(100r —90°) V, 57

13.25 2.2sin(2r —4.88°) A, 1.5085/17.9° Q

13.27 191.86 W
13.29 0.9845, 521.6 mJ

13.31 This is a design problem with multiple
answers.

13.33 12.769 +j7.154 Q



13.35

13.37

13.39

13.41

13.43

13.45

13.47

13.49

13.51

13.53

13.55

13.57

13.59

13.61

13.63

13.65

13.67

13.69

13.71

13.73

13.75

13.77

13.79

13.81

Answers to Odd-Numbered Problems

1.4754/=21.41° A, 77.5/-134.85° mA.,

77/=110.41° mA

(@) 10, (b) 208.3 A, () 20.83 A
15.7/2031° A, 78.5/20.31° A
~6A

16.744 V, 66.98 V

36.71 mW

109.55 cos(3 + 5.48%) V
0.937 cos(2t + 51.34°) A

8 —j1.5 Q, 14.743/10.62° A
(@5, (b) 1125 W

50

(2) 25.9/69.96°, 12.95/69.96° A (rms),
(b) 21.06/147.4°, 42.12/147.4°,
42.12/147.4° V(rms), (c) 1554/20.04° VA

420.1 W, 283.6 W, 52.52 W

6 A,0.36 A, —60 V

7.071/-45° A, 3.536/—=45° A, 14.142/—45° A
11.05 W

() 352V, (b) 14.205 A, (c) 5.682 A

200 V, (4 — j4) kQ, (4 + j4) kQ

0.913,7.841 A

(a) three-phase A-Y transformer,
(b) 8.66/156.87° A, 5/-83.13° A,
(c) 1.8 kW

(a) 0.11547, (b) 76.98 A, 15.395 A

(a) a single-phase transformer, 1:n, n = 1/110,
(b) 7.576 mA

1.306/-68.01° A, 406.8/~77.86° mA,

1.336/-54.92° A

104.5/13.96° mA, 29.54/—143.8° mA,
208.824.4° mA

13.83

13.85

13.87

13.89

13.91

13.93

1.08/33.91° A, 15.14/-34.21° V

100 turns
0.5
0.5,41.67 A, 83.33 A

(a) 1,875 kVA, (b) 7,812 A

(a) See Fig. D.23(a). (b) See Fig. D.23(b).

O

© A ° L
10V é % 1av
o o

O

o—1

}
;VI Bt
N

50V

Figure D.23
For Prob. 13.93.

13.95

(a) 1/60, (b) 139 mA

Chapter 14

14.1

14.3

14.5

14.7

1
1 +jo/w, @

=~

2Os/(s2 +4s+1)

(Ls + R)
(LCs* + RCs + 1)

(a) 1.0116, (b) 0.5623, (c) 5.623 x 10"°

A-37
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14.9 See Fig. D.24.

[H[

Answers to Odd-Numbered Problems

arg H

100 w(rad/s)

—-90°

-180°

Figure D.24
For Prob. 14.9.

14.11 See Fig. D.25.

100 w(rad/s)

w
¢ 4
90°+ e
45° + 7
1 I”I 1 1 1
LEN T T T T T ke
0.1 1 10 100 ®
-45° + )

-90° -

Figure D.25
For Prob. 14.11.

14.13 See Fig. D.26.

Ggg 4

40 +

20 +

90° +

[l
T
0.1 1
-90° 1

-180°—

Figure D.26
For Prob. 14.13.

14.15 See Fig. D.27.

Hag 4
40 +

Y

Figure D.27
For Prob. 14.15.




Answers to Odd-Numbered Problems A-39

14.17 See Fig. D.28. 14.21 See Fig. D.30.
Gas 1,000j
Wl / 1423 — L0000
o L (1 +jo)(10 + jw)
- (It should be noted that this function could also have

=12 . . . .

290 a minus sign out in front and still be correct. The
magnitude plot does not contain this information.

40 It can only be obtained from the phase plot.)

(@) 14.25 2kQ,2 —j0.75kQ, 2 — j0.3 kQ, 2 + j0.3 k€,

2 +0.75 kQ
1427 R=1Q,L=0.1H, C=25mF

14.29 4.082 krad/s, 105.55 rad/s, 38.67

14.31 0.5, 0.25 nF, 10 kQ

14.33 125, 5 Mrad/s

(b) 14.35 250 uF, 40, 400 krad/s
Figure D.28 14.37 2kQ, (14212 +j53.3) Q, (8.85 + j132.74) Q,
For Prob. 14.17. (8.85 — j132.74) Q, (1.4212 — j53.3) Q

14.19 See Fig. D.29.
14.39 4.841 krad/s

' :20 log |ja)| . '
20db fommmmmmmeene- O I S T
0 db At HHH
0.1 L 10 .. h100 o
- | 20 log'+ |J_|/, i —20log |14 jw/40|
g bommomneeees R
~40db +— : ———— T

-20 log |1 +jw/20|

90°

—90°

—180° 1

Figure D.29
For Prob. 14.19.
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db 4
40 -
20 log | j|
20k \ - 20Iog|l+jw/’2’0’[
2010g 0.5 S T
— f = f >
o e e " 100 ®
20k~ ) ‘\\,T\ \\\
a0l —20log |1 +jo|
_60 L
j3w ja))2
-20 log ‘1+— + 5= ‘
_sol 20 20
Figure D.30
For Prob. 14.21.
14.41 This is a design problem with multiple answers. 14.75 200 Q, 400 uH, 1 uF
14.43 1R 1 14.77 (a) 1,200 H, 0.5208 uF, (b) 2 mH, 312.5 nF,
UL ’Ic (c) 8 mH, 7.81 pF
14.45 447.2 rad/s, 1.067 rad/s, 419.1 1479 (2)8s+5 + &’
14.47 796 kHz 10
(b) 0.85 + 50 + ——, 111.8 rad/s
14.49 This is a design problem with multiple answers.
1451 1.256 kQ 14.81 (a) 04 Q,0.4H, 1 mF, 1 mS,
(b) 0.4 Q,0.4mH, 1 uF, 1 mS
14.53 18.045kQ. 2.872 H, 10.
3 18045 8 03 14.83 0.1 pF, 0.5 pF, 1 MQ, 2 MQ
14.55 1.56 kHz < f < 1.62 kHz, 25
14.85 See Fig. D.31.
14.57 (a) 1 rad/s, 3 rad/s, (b) 1 rad/s, 3 rad/s
14.87 See Fig. D.32; high-pass filter, f; = 1.2 Hz.
14.59 2.408 krad/s, 15.811 krad/s
14.89 See Fig. D.33.
14.61 (a) ﬁ,
tie 14.91 See Fig. D.34; f, = 800 Hz.
JoRC
by _RCs+ 1
1+ jwRC 14.93 ———
/ RCs + 1
14.63 10 MQ, 100 kQ 14.95 (a) 0.541 MHz < f, < 1.624 MHz,
(b) 67.98,204.1
14.65 Proof
14.97 s’LR,C,C,
14.67 If Ry= 20 kQ, then R; = 80 kQ and ) (SR:Cy + 1)(S*LC, + SR,.Cy + 1) + S°LC,(sR,C, + 1)
C=15915nF.
14.99 8.165 MHz, 4.188 x 10° rad/s
14.69 Let R =10kQ, then Ry =25 kQ, C =7.96 nF.
14.101 1.061 kQ
1471 K;=2x10%K,=5x10""
14.103 Rz(l +SCR1)
14.73 9.6 MQ, 32 uH, 0.375 pF ) R, + R, + sCR\R,
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1BV

nov

5V

01\60 Hz 300Hz 1.0KHz 3.0KHz 10KHz
o VP (R2:2) Frequency
(@)
od

-50d

-100d
100 Hz 300Hz 1.0KHz 3.0KHz 10K Hz
O VP(R2:2) Frequency
(b)

Figure D.31
For Prob. 14.85.

05V

oV
100 mHz 300 mHz 1.0 Hz 3.0Hz 10 Hz 30 Hz 100 Hz
0O VP(R3:)
Frequency

Figure D.32
For Prob. 14.87.
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oV
100 Hz 200 Hz 300 Hz 400 Hz 500 Hz 600 Hz 800 Hz

O V(L1)
Frequency

Figure D.33
For Prob. 14.89.

0.5 KV

oV
10 Hz
0 V(C1)
Frequency
Figure D.34
For Prob. 14.91.
2 4,4, 3
Chapter 15 15.7 (a)?+5, ()5 + .
15.1 [25(@@+b)/Is + (a+b)’] + (8518 (@ s+2
[2.5 (a—b)]/[s* + (a + b)] S+9 S +4s—12
+2 4 - 2 -
153 (@—>=— 0 — B 27 2™
159 (a)&—- L (b) —=5—,
(s+2°+9 (s+2°+16 g E et d
+3 1
(©) ——5— (d) — 27025 , 8415
- - ©=—+5—1
(s+3) -4 (s+4) 1 a4 4a
o Hs+D 6 6
[(s+ 1) + 4] @ge>—2e™
2 3 6(s+ 1
15.5 (a)8—12\/3_—6s +\/§s’ 15.11 (a)z(—)’
s* + 4)° sT+25-3
(b) L, (©) % — 4s, 24(s + 2)
(s+2° s (s> + 45 — 12)%
2e 5 18 n —Qs+6)r 4 2 ) 2 )
(d)s+1’(e) , () 3S_'_l,(g)s (C)e [(4e” + 4e™)s + (16e” + 8¢77)]

S +65+8



15.13

15.15 5#
$(1 = ™)
15.17 This is a design problem with multiple answers.
1519 —1
1 - e—ZA
—27s
15.21 M
2ns7(1 — e ™)
—s5\2
1523 @ 1=¢)
s(1—e™)
2(1 — ) — dse (s + 5°)
) ( 3) c (
s(1—e™™)
15.25 (a) 18 and 0, (b) 18 and 0

15.27

15.29

15.31

15.33

15.35

15.37

Answers to Odd-Numbered Problems

-1
>+ DY
2s + 1)
(s + 25 +2)°

(c) tan™! <g)

(@)

(a) u(t) + 2¢~"u(t), (b) 38(1) — 11e™*u(p),
(c) 2™ = 27 Nu(r),
(d) Be™ = 3e7 + 61e " u(r)

[142e" cos (t 4 90°)] u(t)

(@) (=5¢~" + 20 — 15¢ Y u(r)

(®) (=" + (1 + 31— g) ey u@),
(©) (=0.2¢7% + 0.2¢™ cos(21)
+ 0.4e™" sin(21))u(t)

(a) 3e™" + 3 sin(f) — 3 cos()u(t),
(b) cos(t — m)u(t — n),
(©)8[1—e' —te™" = 0.5F¢ " u()

(@) [2¢77 = e u(t - 6),

(0) Fu(nle” = ] = Tul = 2)[e 7 = T,

© %u(l‘ — D[=3¢7 Y + 3 cos 21 - 1)
+2sin 2(t — 1)]

@ (2 — e (),
(b) [0.4e’3’ +0.6¢7" cos t + 0.8¢™" sin fJu(?),
© e Vut-4),

(d) <1?0 cost— 13—0 cos 2t>u(t)

15.39

15.41

15.43

15.45

15.47

15.49

15.51

15.53

15.55

15.57

15.59

15.61

(a) (=1.6e7" cos 4t — 4.05¢" sin 4t

+ 3.6 cos 4t + (3.45¢% sin 41) u(?),
(b) [0.08333 cos 3¢ + 0.02778 sin 3¢

+ 0.0944¢751 — 0.1778¢ 7> u(r)

81, 0<t<?2
16 — 81, 2<t<6
_ |16, 6<t<8
M=Vg_80, 8<r<12
112-81, 12<t<14
0, otherwise
1p 0<t<1
5
(@) y(0) = —%t2+2t—1, l<i<2
1, t>2
0, otherwise

(b) y(t) =2(1 —e™), 1>0,

1

e 41 -1<t<0

) + +2,

Legiel 0<t<2
©ymn= 12 92

2

=t =3t+=

3 +2, 2<t<3

0, otherwise

(4™ = 8te Yu(r)
(@) [-6e™" + 12¢™u(®), (b) [6¢™" — 6e7]

(@ (g @ -1 -1 - - 1)>u<t>,
a a

(b) [0.5 cos(r)(t + 0.5 sin(21))
— 0.5 sin(t)(cos(t) —1)]u(r)

[12.5¢7 — 7.5¢7u(r)
cos(t) + sin(z) or 1.4142 cos(t — 45°)
1 1 o 3 4 3
-y 2
(40 T30¢ TT0a¢ Tgs¢ o

2
—5e sin (2t))u(t)

This is a design problem with multiple answers.

[=7.5¢™" + 367 — 31.5¢ " u(r)

(a) [3 + 3.162 cos (2t — 161.12°)]u(z) volts,
(b) [2 — 4e™" + ¢ *]u(r) amps,
(c) [3 + 2e™" + 3te™"u(1) volts,
(d) [2 + 2¢7" cos(20)]u(f) amps

A-43



A-44

Answers to Odd-Numbered Problems

Chapter 16

16.1

16.3

16.5

16.7

16.9

16.11

16.13

16.15

16.17

16.19

16.21

16.23

16.25

16.27

16.29

16.31

16.33

16.35

16.37

16.39

16.41

16.43

16.45

16.47

16.49

[(7 + 350 u(r) A

[(20 + 208)e ™ Ju(t) V

750 Q, 25 H, 200 uF

[6 + 12¢7" cos(2f) + 2 sin(20)]u(t) A

[3 + 5.924¢7'559 _ 1.4235¢7 %" u(r) mA

20.83 Q, 80 uF

This is a design problem with multiple answers.

120 Q

75 <e-2‘ - %e—‘“’ sin<gt>)u(t) A

[—2.333¢7"7% 4 2333~ u(r) volts

[10.776 ™" — 077477 u(z) volts

24 co0s(0.5¢ + 90°)u(r) volts

[45¢™" — 5¢"u(r) volts

[30 — 15.309¢~%%5% 1 0.3078¢™****Tu(?) volts
17.5 cos(8t + 90°)u(t) amps

[—16 + 66.67¢"% cos(0.6¢ — 53.13°)]u(r) volts,
13.333¢~"¥[c0s(0.6¢ + 90°)]u(r) amps

This is a design problem with multiple answers.

[9.091e™ + 19.653¢ 70062
c08(0.7044¢ — 117.55°) u(®) V.

[—60 + 60.21¢7"17% — 0.21¢7*7* (1) volts
[4.364¢% cos(4.583t — 90°)]u(r) amps
[100ze™""u(7) volts

[9 + 9¢™* + 6te™*u(r) amps

[i,/(@C)] cos(wt + 90°)u(r) volts

[60 — 40e™ cos(0.21) — sin(0.20))]u() A

[1.0714e™ = 2.572¢7% cos(1.251) + 4.791e7%
sin(1.25¢0)Ju(f) A

16.51

16.53

16.55

16.57

16.59

16.61

16.63

16.65

16.67

16.69

[—12 4 41.17¢7"5"" cos(4.6081 — 73.06°)Ju(r) amps
[11.547¢™ cos(1.7321f + 30°)]u(?) volts

[5—4¢™ = 1e™*u(r) amps,

[2¢™" — 2™ u(f) amps

(@) 3/9)1 — €1, (b) [(2 = 2¢™u(p)
-2 =2y -1V

[5¢™ = 10e™/* cos (t/2)]u(r) V
[2333 _ 2.386—1.2306! + 2-0336_0'6347t
cos(1.4265¢ + 88.68°)Ju(r) V

[7.5¢™% cos (21) + 345¢™* sin (20)]u(r) V,
[6 — 9¢™* cos (2f) — 17.062¢™ sin 20)]u(?) A

{110.1¢7 + 192te™ — 10.1 cos(41)
+ 34.58 sin(40)}u(H) V

[ — 1% u(r) volts; this is an unstable circuit!

240(s + 1)/[s(s + 3)(3s* + 8s + 1)], —120(s —1)/
[s(s + 3)(3s* + 85 + 1)]

16.71 160[2¢™"" — e7u(r) A
2
16.73 120
s +4
1675 64155 3G+ 18s
2>s+3) P 4+45+20 $*+454+20
1677 — %
35+ 9542
s =3 -3
1679 () —>—"— (b)) =>
352 4+25s—9 2s
16.81 —1/(RLCs%
16.83 (a) %e‘R’/L u(), (0) (1 — e *Hyu(r)
16.85 [9¢™ —9¢™> — 6te™Hu(r)
16.87 This is a design problem with multiple answers.
16.89 [vc]z ~0.25 1] [vc]+ 0 1][v]
i | —1 0] i (1 0]lis
. ]
wo=| (7 ]+10 O
0] iz 0 of Li
16.91

L e
o8 I S IS I E2Y I O

Yo =1[1 0] [2] + 0] 2()



Answers to Odd-Numbered Problems

X’ 0 1 0 Xy 0
16.93 [x, | =0 0 1 X 0 [z(1);
X3 -6 —11 -6]|x3 1
X1
y®=1[1 0 Olf{x, | + [0]z(r)
X3

16.95 [—=2.4 +4.4¢73 cos(r) — 0.8¢7 sin(d)|u(r),
[ 1.2 = 0.8¢7% cos(r) + 0.6~ sin(n)]u(r)

16.97 (a) 7(e™" — e *)u(r), (b) The system is stable.

16.99 500 uF, 333.3 H
16.101 100 uF
16.103 —100, 400, 2 x 10*

16.105 If you let L = R*C then V,/I, = sL.

Chapter 17

17.1 (a) periodic, 2, (b) not periodic,
(c) periodic, 2z, (d) periodic, z,
(e) periodic, 10, (f) not periodic,
(g) not periodic

17.3  See Fig. D.35.

A-45
96 4
An
.
O 7 2737 4rn 57 67 7x 8x w
O 7 2737 4n 57 67 7n 87 a)

—78.69°
o
—101.31°

Figure D.35
For Prob. 17.3.

17.5 -7+ Z —sm nt

17.7 1+Z —smmcosM

n=odd

3

3 dnr\ . 2nxt .
+ 71_7?(1 — cos ——3——) sin ——3——]. See Fig. D.36.

|
o o
o1 o ol
i

|
-
T

[ R DU R —

Figure D.36
For Prob. 17.7.



A-46

17.9 ay=0.7958, a; = 1.25, a, = 0.5305, a; = 0,
bl =0= bz = b3

17.11 [2 — 2 cos(nz/2) — 2j sin(nx/2)
”Z‘”4 r

+ jnm cos(nz/2) + nx (sin(nz/2))]e" "

17.13 This is a design problem with multiple answers.

17.15

sin<10nt+tan_l 4n )
n +1

[N

17.17 (a) neither odd nor even, (b) even, (c¢) odd, (d) even,

(e) neither odd nor even

17.19 sin nz/2 — 10 (cos Tn — cos nx/2)
n‘w, nw,
5 . . 2 cos zzn/2
_n2w§ (sin zn — sin nx/2) ~ iy, COS N7 7w,
5, nx nrt
17.21 §+nzlﬁ 1 —cos( > )] COS(T)

17.23 This is a design problem with multiple
answers.

17.25

[77,’2}’1 cos 27;") - 1> + 4 sin(zﬂ—n>

n= odd + [— sm

17.27 (a) odd, (b) —0.315, (c) 2.681
17.29 22 [— cos(nt) — = s1n(nt)] n=2k-1
n'r

17.31 o, =22_ 27

, _ 2

a’, = T’.[ flat) cos nw’,t dt

Let ar = A, dt =dA/a, and aT" = T. Then
2a (T

ap ==+ I FfQ) cos nw,A dAfa = a,
T b

Similarly, b, = b,

17.33

17.35

17.37

17.39

17.41

17.43

17.45

17.47

17.49

17.51

17.53

17.55

Answers to Odd-Numbered Problems

vo() = SA, sin(nzt — 6, V,
n=1
104 = 2n°7%)
V(20 — 10n°7%) — 64n’n®

an =90° - tan_l <L22)
20 — 10n°z

5 S35

6 g 207
nrw 3

- \9mn® + (271’ /3 = 3)°

A, =

+ 0,1>, where

i -1 (2nzm 1
Q,l—i—tan (T_ﬁ>

© 2(] —
Zﬂcos(nﬂt — tan"'nx)

E + @ 21 sin(nzt —

0,),n=2k—-1,
_12n 72 — 1,200
802nx
1

m(804nn)> + (2n* 7 — 1,200)

>

6, =90° + tan

I,=

200 ==+ z A, cos(2nt + 0,) where

2,000

7(4n* — V160> — 40n + 29

0, =90° — tan™'(2n — 2.5)

A, =

(a) 3391V,
(b) 6.782 A,
(c)203.1W

4.263 A, 181.7W
10%
(a) 3.162,

(b) 3.065,
(c) 3.068%

This is a design problem with multiple
answers.

& 0.63212
1 + j2nx

n=—oo

) 1+ e—jnzr nt
T E——
n:z_:m 27(1 — n?)



Answers to Odd-Numbered Problems A-47

1757 -3+ % %eﬁ‘”” 17.61 (a) 6 +2.571 cos t — 3.83 sin 7 + 1.638 cos 2t
n=ent0 0t =2 — 1.147 sin 2t 4 0.906 cos 3¢ — 0.423 sin 3¢
p— +0.47 cos 4t — 0.171 sin 4, (b) 6.828
1759 -y 5
ne 20+ D 17.63 See Fig. D.37.

1.333

0.551

0.275
I 0.1378 0.1103

| ot 1

T
o1 2 3 4 5 n

Figure D.37
For Prob. 17.63.

17.65 See Fig. D.38.

2.24
AI‘I
0.39
2
0208 0.143
0.109
T T 0o 2 6 10 14 18
T t t t > | -
0 2 6 10 14 18 @y W,
_300 | 2523°
— A
-54.73°
_600_
_ -67°
73140 L.
—90°| ¥

Figure D.38
For Prob. 17.65.



A-48

17.67 DC COMPONENT=2.000396E + 00

HARMONIC F
NO

W T U WD R
PR PR OO U WR

REQUENCY
(HZ)

.667E-01
.334E-01
.001E-01
.668E+01
.335E-01
.000E+00
.167E+00
.334E+00
.500E+00

17.69 HARMONIC FREQUENCY

NO

1 5
2 1
3 1
4 2
5 2
6 3
7 3
8 4
9 4

(HZ)

.000E-01
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00

U ooNRE NSNS

Answers to Odd-Numbered Problems

FOURIER

COMPONENT

2.432E+400

O R J 0w wu o

.576E-04
.403E-01
.343E-04
.716E-02
.481E-06
.968E-02
.613E-04
.002E-02

FOURIER
COMPONENT

.056E-01
.977E-04
.531E-02
.969E-04
.648E-02
.955E-04
.535E-03
.935E-04
.258E-03

NORMALIZED

COMPONENT

N ODNDWWERENDDNDRE

.000E+00
.705E-04
.222E-01
.375E-04
.996E-02
.076E-06
.043E-01
.634E-05
.468E-02

NORMALIZED

COMPONENT

.000E+00
.341E-04
.117E-01
.320E-04
.064E-02
.285E-04
.104E-02
.238E-04
.296E-02

PN 9P 3R

PHASE
(DEG)

-8.996E+01
-8.932E+01

9.011E+01

9.134E+01
-8.982E+01
-9.000E+01
-8.975E+01
-8.722E+01
-9.032E+01

PHASE
(DEG)

-9.090E+01
-8.707E+01
-9.266E+01
-8.414E+01
-9.432E+01
-8.124E+01
-9.581E+01
-7.836E+01
-9.710E+01

TOTAL HARMONIC DISTORTION=1.214285+01 PERCENT

17.71 See Fig. D.39.

3.0V

20V

1.0V -

oV A

Os

av() oV

Figure

D.39

For Prob. 17.71.

NORMALIZED
PHASE (DEG)

P NMDNMNDWREREREOO

.000E+00
.467E-01
.801E+02
.813E+02
.433E-01
.581E-02
.173E-01
.748E+00
.803E+02

NORMALIZED
PHASE (DEG)

0.
3.
-1.
6.
-3.
9.
-4.
1.
-6.

000E+00
833E+00
761E+00
757E+00
417E+00
659E+00
911E+00
254E+01
197E+00



Answers to Odd-Numbered Problems

17.73 300 mW

17.75 24.59 mF

17.77 (a) =, (b) =2V, (c) 11.02V

17.79 See below for the program in MATLAB and the

results.
% for problem 17.79

@
Il
=

o

n, b
diary off

n b,

1 127307
2 4.2430
3 2.5461
4 1.8187
5 1.414

6 1.1573
7 0.9793
8 0.8487
9 0.7488
0 0.6700

2
17.81 (a) %, (b) |e1] = 2A/(37), |co| = 2A/(157),
les| = 2A/(357), |c4| = 2A/(637) (c) 81.1%
(d) 0.72%
Chapter 18
18.1 14(cos Zfo — cosw)
Jjo
J8 .
18.3 —2(2a) cos 2w — sin 2w)
10}
6 6 .
18.5 — — —sinw
w2
_ o =20 —j2w
187 () 2= = (0) 2 (1 +jw2) - >
Jo w w

18.9

18.11

18.13

18.15

18.17

18.19

18.21

18.23

18.25

18.27

18.29

10 . 20 .
(a) - sin 2w + 2y sinw,

10
e

DR

@

(I +jw)

11z

2 2
W — T

(€2~ 1)

(@) neff"” 8w —a) + 7d™*8(w + a),

(b) f;] (©) (e + b) + 8 — b)]
o

+£’%/3[5(w +a+b)—8w—a+b)

+8(w+a—Db)—8w—a-Db),

@-L -2 a1y
0] Jo
(2) 2 sindw, (b) 27, (¢) L~ 12
Jjo 3 2
2jw
(@) 2[8(@ + 2) + 5w — 2)] - —o—,
' o —4
®) 25w + 10) = 8(w — 10)] — —>——
4 ®* =100
2_](1) —j@
Foa’ D
Proof
30
@6 =G5 —jor
20e~/"/?
O @0+ jor
5
P T A I
5 ,
[2 4+ j(w = D5 + j(w = 2)]
Jjol0
RS AICE)
©—10 s

Jo2 + jo)(5 + jw)
(a) 5*u(?), (b) 6¢™, (c) (—10e'u(r) + 10e*)u(r)

(a) 5 sgn(f) — 10" u(),
(b) 4e*u(—1) — 6¢->u(),

(©) 2¢2" sin(307) u(), (d) % n

4sin 2t

(a) zlﬂ(l +8 cos 31), (b) 202

(c) 38(t + 2) + 35(t — 2)

A-49



A-50 Answers to Odd-Numbered Problems

18.31 (a) x(r) = e_‘”u(t), Chapter 1 9
O)yx@) =ut+1) —u—1), 30 10
1 at
(©) (1) =580 %e u(t) 19.1 10 30 ]
2j sin t
18.33 (a) S O ut— 1) — u(t - 2) 103 [10 =10 ] o
—j10  —j10
1835 () <" by L 1, 1
6+ jw 2124+ j@w+5) 2+jw-5] 19.5 [10G+2) 10]
(© =22 1 1 10 10

,(d ,
2+ jo ( )(2 + jw)? © 2 + jw)*

18.37 Jjo 19.7 [20G+0.5) —30] 0
T4+ B ~10 -20
1.25

18.39 ﬂ(ijLL_Le—m) 19.9 |25 ]Q

10° + jo \J®  @*  &? 125 3.125
18.41 — Jo@S +122‘0) 19.11 See Fig. D.40.

Q2+ jo)4 - 20" + jo)

1Q j5Q 3Q 1Q

O— AMWW—TTT A 2115 o)

18.43 1000(¢™ — ") vV

5Q
18.45 5(¢™" — e Mu() A
20
18.47 16(e™ — e un) V o T °
o Figure D.40
18.49 0.542 cos (t + 13.64°) V For Prob. 19.11.
18.51 16.6677 19.13 3299 W
18.53 =z 19.15 24 Q, 1.536 kW
18.55 682.5] 19.17 [9.6 —0.8] [0.105 0.01]
T l-08 84 0.01 0.12

18.57 217,87.43%
19.19 This is a design problem with multiple answers.

18.59 (16¢™" — 20e™ + de ™) V

19.21 See Fig. D.41.
18.61 2X(w) + 0.5X(w + wy) + 0.5X(w — @)

18.63 106 stations o o

+ +
18.65 6.8 kHz v, 04s o2v, $ 01S vy,
18.67 200 Hz, 5 ms o o

Figure D.41
18.69 35.24% For Prob. 19.21.



Answers to Odd-Numbered Problems A-51

s+2 —(s+1)
0.8 1 25 + 1 1
19.23 |—(s+ 1) S2+7S+12(S7+) s 5
s S+ 1.8s+ 1.2 19.49 (s+DGs+ D 541
groesry) 5

19.25 See Fig. D.42.

19.51 |2 2+)5

055 Joom2A]
e} AN o}
A AD — BC 1 D
1953 zj == tp="—FF"21="= 0 =%
o_5s§ §1S c C c C
o ‘o) 19.55 Proof
Figure D.42
For Prob. 19.25.
7 1] [20g 1
301 20 20 7 7
19.27 [0‘25 0.025] 19.57 |7 7]9, Y S, Syl
5 06 20 20 77
g -1
19.29 (a)44V, 16V, (b) same 3 3 [ 7 20 Q]
1 209’ 1S 3
3 3
3.8Q 04
19.31
-36 028
. . 19.59 [16:667 6.667] () [0.1 -0.2] s
19.33 [077+/1.2821)Q  0.3846 — j0.2564 3333 3.333 -0.1 05
—0.3846 +j0.2564  (76.9 + 282.1) mS 0o 2 so 109
-1 03S]03s 1 ]
19.35 2095 0(-)5
e 5 4 5 . 4 5 34
33 395 | 4
19.61 (a) Q.m|7, ,(©
19.37 3571V 4 5 -4 3g 3¢ 3
3 3 5 5 1° 4
1 R,
19.39 g, = o= 08 24
811 R, + R, 812 R, + R, 19.63 s4 12 Q
_ R RiR,
821 =R, +R2’g22_R3+R1+R2
05 1
19.41 Proof 19.65 | s s
T3 5/6
19.43 (a)[(l) ﬂ,(b)[; (1)]
19.67 4 63.29 Q
27101576 S 4.994
19.45 [ 1 (20+j20)£2]
J100 ps 1 s+ 1 —Bs+2)
s+2 2(s+2)
— 2
1047 [ 03235 11760 1969\ -(Bs+2) 55 +45+4
’ 0.02941S  0.4706 2(s +2) 25(s + 2)




A-52

19.71

19.73

19.75

19.77

19.79

19.81

19.83

19.85

[ 2 —3.334] Q
3334 20.22
14.628 3.141
5432 19.625

(a) [03015 —0‘1765] S, (b) —=0.0051
0.0588 19.625

0.9488/-161.6°
0.3163/-161.6°

4.669/-136.7°
2.53/-108.4°

1.5 —O.S]S
35 1.5

0.3163/18.42°

0.9488/-161.6°

2.53/-108.4°
1.789/-153.4°

Q

0.3235 1.1765 Q]
0.02941S 0.4706

1.581/71.59° —-jQ
jS 5.661 x 107*

Answers to Odd-Numbered Problems

—j1,765  —j1,765 Q
j888.2S  j888.2

19.87
19.89 -1,613,64.15dB

19.91 (a) —25.64 for the transistor and —9.615 for the
circuit. (b) 74.07, (c) 1.2 kQ, (d) 51.28 kQ

19.93 —17.74,144.5,31.17 Q, —6.148 MQ

19.95 See Fig. D.43.

425 mF 1.471H 1H
o i} AIIN AN e}
= 200 mF
o o

Figure D.43
For Prob. 19.95.

19.97 250 mF, 333.3 mH, 500 mF
19.99 Proof





