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Answers to
Selected Problems
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Chapter 1

1.1 i =2A

14 AQ=15C

1.7 (a) P = —18 W (supplied) (b) P = —18 W (supplied)

1.10 (a) P = —12 W (supplied) (b) P = 24 W (absorbed)

1.13 P, = 48 W (absorbed)

117 Py = —144 W, P, = 48 W, P, = 48 W, P, = —8W, P; = 56 W
1.20 VvV, =18V
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Chapter 2
21 I=03mA,P=18mW 250 I, =3mA
24 R, =5kQ 16
27 Pg=T2W 252 Vo =-3V
210 [, =6mA,l, = 3mA 255 [, =2mA
212 I, = —8mA,[, = +10mA, I, = -2 mA 258 Vg=12V
2.14 Ix = 91’1’1A, Iy =—10 I’IlA, Iz = —2mA 2.60 VS = 48V
;i; g :_37‘; 263 Vy=38V
. ad = 265 Vi=30V
;zz “jad_=190‘\'; Ve =11V 268 I =45A
227 v - sy 270 I, = 6mA
) * 272 P =
229 Py = 12mW s o= iimw
231 [, =90mA : 0
234 [ =4mA 278V, =10V
236 I, = 0.4mA 280 W, =2V
2.39 RAB — 3 kQ 2.83 Io —_ _20 mA
241 Ryp = 2KkQ 2.86 Power gain = 1.422w
244 (a) Min = 950 Q, Max = 1050 Q W
(b) Min = 460.6 Q, Max = 479.4 Q) 287 P = 10mW
(¢) Min = 19.8kQ, Max = 24.2 kQ) 2FE-1 P=12W

247 (a) Ryom = 3Q (b) Positive/Negative

—4
Tolerances = +8.33% 2FE-4 [, = ?mA

o
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2 ANSWERS TO SELECTED PROBLEMS

Chapter 3
31 I,=1mA 347 I, =7mA
33 Vv, =22V 350 I, =52mA
35 I, =0.6mA
o 53 I, = 04mA
38 I, =125mA 353 1, =04m
310 [ =2mA, I = —6mA 356 V, =6V
_ _ 8
313 I, _15mA s v =Sy
35 V,=—V
6 362 V, =3V
3.18 I(} _1.5 mA 3.65 V — 6V
321 Vv, =2V ’
324 [,=—-48mA 368 V, = jV
327 V, =436V 8
330 [, =15mA 370 V,= -5V
4 1%
333 V,=-V 373 2 =-1
3 is
336 I, = —04mA 0
339V, =3225V 3FE-1 V,=—V
342 V=4V 3
4 3FE-4 V, = —327V
34V, =3V 3FE6 V, = 6V
Chapter 4
8 8
41 [ =-mA 439 V,=-V
7 5
43  V,=075V 442 I, =2mA
45 1= mA 444 [ =125mA
W8 V= u2sy 447 V, =155V
) o T 450 R,; = 1kQ
410 I, =24mA 452 V= —6V
412 [, = 05mA 455 I, =571 mA
415 I,=04mA 458 V, =043V
418 V, =105V 461 V, =218V
421 V, =2V 464 [ =12mA
4 467 V,=258mV
424 I, = 5 mA
470 R, =2kQ, P, = 125mW
427 I = —-1mA
o B 25
429 [, =—-02mA 472 R, =6kQ, P, = me
431 I, = 0.67mA 475 Vv, =2V
433 V, =48V 4FE-1 P, = 8 mW
436 V, =8V 4FE-3 R, = 1292 Q
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Chapter 5
51 v(t=4)=40V
53 C=120pF
55 () = £2.92cos377t A
57 (a)i(t) = 4.52cos377t A
(b) w(t) = 360sin (754t — 90°) mJ
59 o(r)=10tV 0=<¢t=2ms
=02V t > 2ms
511 i(t) = 6 mA 0=t=2ms
= —6mA 2=t=4ms
514 i(r) = 06A 0=r=2s
=—-24A 2=t=3s
=06A 3=t=5s
=0 t>35s
516 i(r) = 24A 0=r=6ps
=—60A 6=1t=10ps
=16A 10 =1t =16 ps
=0 t > 16 ps
30
w0 1
< -10
= =30
= =50
_70 L L L 1 1 1 I I
0 2 4 6 8 10 12 14 16 18
1 (ps)
519 i(r) = 377 cos (20007) mA
400
2 \\ /
E o
—400 w \/
0 0.2 04 0.6 0.8
1 (ps)
521 (a) v(t) = 75.4cos377tV
(b) w(t) = 0.1 — 0.1cos754t]
524 (a) v(t) =0, t<0
= 250e" WV, t>0
(b) w(t) = 1.25[1 — 2¢" + | WJ
527 w(t=5s)=-091V

—p—

w(t =5s) =91.97]

ANSWERS TO SELECTED PROBLEMS
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4 ANSWERS TO SELECTED PROBLEMS

|
o

0<t=<=2ms
—2.5V 2<t=<4ms
25V 4 <t < 8ms

529 w(r) =

=-25 8§ =tr=10ms
=0 t > 10 ms
3
2
g 1
g 0
3 -1
-2
-3 L L L L L
0 2 4 6 8 10 12
t (ms)

531 () =667TmV 0=17=3s
—10mV 3 =tr=6s

=0 6=t=09s
= 25mV 9=¢r=11s
= t>11s
30
<15
E
= 0
: 1
_15 1 1 L
0 3 6 9 12
t(s)
533 i(t) =05rA 0 = ¢=2ms
=3X10°—-¢tA 2 = t=3ms
=0 t > 3ms
5.36
60
40 A 1 : i
20 fmmmny i | R | fannn
< T A 2
E - : ‘ - E
-20 i i L -3
| ! : (1)
40 ' i(t) @ Cyn s
i(t) @ Cyax
—60 ‘ ‘ ‘ 6
0 1 2 3 4 5 6 7 8
t (ms)
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ANSWERS TO SELECTED PROBLEMS 5

5.38
15 0.4
1y ‘ L 02
05 —0
* >
; 0 02 &
= 05 e (1) U o4 5
i / o(t) @ Lyn
1 i V(1) @ Lyax [ 700
-15 ‘ | i \ -038
0 1 2 3 4 5 6
t (ms)

541 C,=1uFE C,=3uFandC; = 4 pF

N
c C,

T"
(e,

5.44 =12V

546 C =3pF

549 C, =2pF

551 C;=9pF

554 (a) Cyoy = 143 pF
(b) Cyuny = 1.254 WF, Cypx = 1.606 pF
(©) Yonn = —12.3%, Yoax = 12.3%

556 L =20mH

559 L,,=5mH

561 L,, =6mH

564 C =125pF

SFE-1 © —L J_

2 uF 4 uF

Ve
C

T
(e,

Chapter 6

61 wvo(t) =12 — 80V, >0
63  wvc(t) =64V, >0

2
65 i(t) = ge*“” A t>0
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s ANSWERS TO SELECTED PROBLEMS

48
6.7 vo(t)=ﬁ(1—e‘“’/6)V,t>0
=0, t>0
4.5
4/
35 /
3
> 25
S
1.5
1
05
0
0 2 4 6 8 10 12 14 16 18 20
t(s)
6.9 wv.(1) =4V, 1<0
=4e"'2V, >0
5
4
3
> \
s 2 ‘
s \
1 ‘\
0 N
-1
-0 0 10 20 30 40 50 60 70 8 90 100
1(s)
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ANSWERS TO SELECTED PROBLEMS 7

612 (1) =6V, t<0
=64V, >0

[\e)
" |
L~

615 i(r) = 2mA, 1<0
= (4e1" = 2)mA, >0

3
2
1
<
E o0
-2 N

-02 -015 -01 -0.05 0 0.05 0.1 0.15 0.2
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8 ANSWERS TO SELECTED PROBLEMS

—p—

618 v,(t) =0, t<0
=96V, >0
-10
—8
I \
= \
-2
0
-1 —0.5 0 0.5 1 1.5 2
t(s)
621 i(1) = 1mA, t<0
= 05¢ U0 mA, >0
2
1.5
1
<
=
=05
0
—0.5
-1
-5 -4 -3 -2 -1 0 1 2 4 5
t(s)
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6.24

6.27
6.30

6.33
6.36

6.39
6.42
6.45
6.47

6.50

6.52
6.55

6.58

6.61

—p—

v,(1) = 6, t<0

=12 -3V, +t>0
13
12 —
1 //
10 !

Z 9

= 38
7
6
5

) 0 2 4 8 10

i(t) = —3""At >0

v,(t) = 9PV, t >0

i(1) = 2401 — > mA, 1 > 0
ef3t

i(t) =2 — Ty mA>0

v,(t) = 1.5¢7°V, t > 0

v,(t) = 3.6V, t >0

i,(t) = —0.5¢mA,t > 0

t) = —6e ¥V, t >0

t) _ _4eﬂ889x105r V,t>0

o
(

0

4 2
i(1) =3~ Tsew‘*’f >0

(@ s>+6s+8=0
b)ys=-2,s=—4

(© i(t) = ke + ke ™
(@s?+6s+10=0
b)ys=-3+js=-3—]

() v,(t) = kje ¥ cost + kye ¥ sint
v(t) = 10e ¥ cos 2t — 40e * sin 2t

ANSWERS TO SELECTED PROBLEMS
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—p—

10

ANSWERS TO SELECTED PROBLEMS
6.64 (1) =0

= 16.67(e 1" —

t<0
e—8><1051) V.t>0
32
6.67 i(t) = —

4
7 e —7€7tA, t>0

670 v,(t) =8V, t>0
03 /\
— \
S 02 \
s 01 AN
0 \‘
0 02 04 0.6 038
t (sec)
6.72
| 40, 150K ‘
slope = 150kV /s
3333V
30
100 K 25V /
20
0K  slope = 37.5kV/s
10 ‘
>
0 0!
0 05 1.0 15 2.0 25
O V(Cl:1) D(V(Cl1:1))

t (ms)

675 R =25k, C=10pF L = 333 pH
6FE-2 v,(t = 1s) = 379V
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Chapter 7
7.1 T =0.16s, f = 63.66 Hz
7.3 §(¢) leads i,(7) by —85°
i,(1) leads i5(¢) by 145°
i)(t) leads i5(¢) by 60°
7.6 (a) i(t) = 8cos(377t + 68°) A, T = 8/68° A
(b) i(t) = 4cos(377t + 64°) A, T = 4 /64° A
78 Z=1+j10
710 Z =16+ j08Q
713 Z =51+ j496Q
716 Z =5/-37°Q
718 C = 431 pF
720 i(t) = 4.37cos(377t + 0.75°) A
722 Vi =874/075°V
V, =16.47/90.75° V
Ve = 1159 /—89.25° V
Lvac
j4
Vs
P V, + Ve
jo V& .
o 2 4 =6 P Real
725 Iz =9.99/27.84° Aand I, = 0.38/117.84° A
728 V,=10/-531°V
731 V,=1414/15°V
734 1,=589/-484°A
737 V, = —854/-20.56°V
740 I, =8 + j4A
742 Z.=12/83°Q
744 1, = 4.69/78.69° A
747 V,=3.09/-2383°V
749 V,=358/153.43°V
752 V,=555/-869°V
755 V, =08+ j24V

ANSWERS TO SELECTED PROBLEMS

1
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12 ANSWERS TO SELECTED PROBLEMS

758 V, =541/457°V

761 1,=2/-37°A

7.64 V,=903/51.3°V
767 V,=13/125°V
770 V., =4859/-2137°V

773 V,=253/-1843°V

7.76  PROBE results show that the voltage and current phases are equal at 238.9 Hz.

40 mA
30 mA \
|- iL -
- (238.93,18.68 m) 1
20 mA I
- ic \
10 mA I |
100 Hz 200 Hz 300 Hz
o ILl) © I(Cl)
Frequency
7FE-1 V, = 5.06 /-71.6° V
\B
7FE-4 — = —133.33
Vs
Chapter 8
di(r) dix(t)
8.1 t) =—L -M
@ (1) Yoar dt
diy(1) di\(t)
v(t) = =L, dr -M (lit
di(1) diy(t)
b (t) =L + M
®) v (1) = L dt dt
diy(1) di(t)
t) =L +M
Ud( ) C dr

LU LT DL LD
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diy(1) N Mdiz(f)

84 (a v,(t) =1L, " "
o(t) = L, dlil(tt) 3 Mdzld(tt)
di(1) dix(1)
b) v.(1) = —v,(r) = —L, i M 0
wlt) = () = LT 4 D0
87 V,=1298/2657°V
89 V,=1224/-15343°V
811 V,=2086/432°V
8.14 I, = 1.78/42°A
817 -V, =IL(R, + joL,) + joML,
\ Iz<j0)L2 - 00]C1> — joL1;
0 = joMI, — joL,I, + I(R, + joL, + joLs)

820 V,=136/-854°V
823 V,=0.64/-7157°V
826 V,=579/8631°V
829 V,=876/1588°V
832 1I,=278/-5631°A
835 Zyue = 1.56/42.27°Q
8.38 Zy = 1.94/-33.69° Q
841 L, =36mH
844 i(1) = 2.46cos(100r + 143.1°) mA

i,(t) = 1.54 cos (100 — 178.24°) mA
847 'V, =2889/30°V,I, = 1.11/30° A

V, = 4.44 /-150° V, 1, = 2.22 /—150° A
849 I, = 3.16/-41.56° A, V, = 4.47/3.44°V

I, = 1.58/138.44° A, V, = 8.94 /3.44° V
852 Zn =15+ j0250Q
855 Z,=16—j1Q
8.58 V,=4472/-153°V
8.60 Iy =291/-7595°A
8.62 V,=1578/189.46° V
8.65 V,=18/-139.86°V
8FE-1 Z; = 4.88/19.75° Q)

8FE-4 P =111W

ANSWERS TO SELECTED PROBLEMS

13
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14 ANSWERS TO SELECTED PROBLEMS

Chapter 9

9.1  p(r) = 1151 + 14.4cos (20t + 113.1°) W
9.3 P =158W

95 Py =431W, Py =306W,P,q =1.23W
9.8  Pugs = 3595W

911 P,y = 104W

9.13 Py =45W

9.16 Py=25W

9.18 P, = 3249W

921 Z,=50,P, =528W

924 Z, = 0.55/33.69° Q, Pyax = 0.42W

926 Z, =09 — j03Q, Pyux = 2W

929 Z, =2.83/8.13°Q, Pyax = 1.32W

932 Z, =02 + j0.4Q, Pysx = 289 W

934 V. =231V

937 V.. =163V

940 V.. =267V

943 V, = 440V rms

946 6 = 36.87°

949 PF = 0.65 Lagging

9.51 Vg = 281.02/8.75° V rms

PF ... = 0.756 Lagging
9.54 V= 320.06/9.95°V rms
9.57 C = 567.6 nF
9.60 C = 305pF
9.63 PF = 0.88 Lagging
965 I =18A
9.68 I, = 1.26 A rms, no current near the heart
9FE-1 C = 927.6 uF
9FE-3 Z, = 0.4 — j1.2Q

Chapter 10
Typically, only the a-phase information is listed. The two remaining phases are shifted by —120° and —240°, respectively.
101V, = 173/25°V rms

Vo = 173 /=45° V rms

V.. = 173 /=165° V rms
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ANSWERS TO SELECTED PROBLEMS 15

v

104 V., =208/90°V rms
Ve = 208 /—=30° V rms
V.. = 208 /=150° V rms

A
V,, = 208/90° V rms

V,, = 120/60° V rms

10.7 I, = 2.45/-14° A rms
1010 I, = 556 /6.3° A rms

V,, = 111.1 /59.40° V rms
10.13 V,, = 217.4 /40° V rms
10.16 Z, = 1562 /39.8° O
10.19 I, = 67.42 Arms
1022 7, = 1995 + j21.93Q
1025 V,, = 242.11 /40.09° V rms
10.28 I, = 19.52/39.4° A rms



IRW-ANSW. I

16

10.31
10.34

10.37
10.40

10.43
10.46
10.49

10.52
10.55
10.58
10.61
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ANSWERS TO SELECTED PROBLEMS

Z, = 70.48 — j25.65Q

Z, = 32.18/25° Q)

Iy = 937/-4.4° A rms

I, = 8.64/57.9° A rms

I, =3735/-1°Arms, Py 1,0 = 7434 kW
II,| = 10.25A rms

I, = 148.56 A rms, PF,,, = 0.74 Lagging
PF¢ = 0091 Lagging

S.;. = 19.94 kVA@0.60 Lagging

PF = 0.97 Lagging

C = 7409 nF

10FE-1 S; = 2160 /45° VA
10FE-4 P, = 6.928 kW

Chapter 11

111

114

11.7

11.10

s’LCR + sL + R

S’LC + 1
Vo 8s(s + 1)

I, 2% +6s+1

Z(s) =

MAG. A PHASE A
0dB
'\, —20 dB/dec 0° |
: v
|
| | _450
| | | |
| | | |
|
1 ‘ 1 !
| | ; | | >
01 05 Log o 01 05 Log o
MAG. 4 PHASE 4

—20 dB/dec

\‘ ~ ~_—20 dB/dec
e \ 0°
0dB E |

|
|
o —90°
|
|
|

Rl

|

|

|

|

:
0.1 1 10
Logw
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ANSWERS TO SELECTED PROBLEMS

—40 dB /dec

+20 dB/dec

Log w

50

10

MAG. A

11.13

—20 dB /dec

—60 dB/dec

Log w

0.2

A
MAG. ‘40dB /dec

11.16

Log w

—60 dB /dec

+40 dB /dec

MAG. A

11.19
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18 ANSWERS TO SELECTED PROBLEMS

11.22 MAG A PHASE 4
£=01
—20 dB/dec
0dB | ----= }
o l —40dB/dec
i | -180°
L | >

12 12 Loge

11.25 MAG A
0dB|-------------—----2-~
H]
10("” + 1)
. 10
1128 H(jo) = ———"
. Jw
|
(Jw)<20 )
jw
1 ju))(J + 1)
. 30

1131 H(jo) =

ot (2 )

1134 L =125mH, Q = 1042, BW = 1921/s

1137wy = 70711/, Q = 14.14, oyiax = 7062 1/, |V, e = 84.89V
1140 w, = 2kr/s,Q = 25, BW =801/s, P = 18 W

1143 R =1kQ,L = 500 pH

1146 , = 10kr/s, BW = 1001/s,Q = 100, P, = Py = 12.5kW
1149 C =25nF, L = 10 pH

1152 R, = 20kQ, L., = 5kH,C = 125 uF
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ANSWERS TO SELECTED PROBLEMS 19

11.55 Low-pass filter
v, 1

V- - . 2 .
' (ﬂ”) +12 4
10 10

20

0.1 1 10 100 103
o (1/8)

oL
)
Ry

1+ ol £
Jo\ %

A low-pass filter

11.57 GU = R = R1||R2

20

dB
4
y 4

—80
0.01 0.1 1 10 100

o (1/s)
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20 ANSWERS TO SELECTED PROBLEMS

V, JjoC(R + R, +1
11.61 — = - , a high-pass filter
V; JoCR, + 1
MAG. 4
0dB 4/
i B L
C(Ry+R,)) CR, OB
11.63 gm = 100 I.LS and IABC = 5 I.LA
11.66 L. = _c
. (gmlng)
\Y i C
11.68 o _ jogi/Cy
Vin ot el 818
—? + jo| ST BT S 83C2 4 oles
c GG
1
on = | 8183 _ V 88CiG
0 GG’ Clei+ &+ & +Cg
Band-pass filter
11.71 C = 100 pF, L = 101 mH
11FE-2 , = 1 kr/s,R = 4Q
11FE-4 L = 100 mH, R = 10 Q
Chapter 12
121 F(s)=e*a
(s + a)sinw
124 F(s) = —<S+“>[ e
(s)=e (s+a)+w (s+a)l+ o

6*25

12.7 F(S) = m

1 1
1210 F(s) = e_(”“)[ s+ }
(s +a) s+ta
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12.13

12.15

12.18

12.21

12.24

12.27

12.30

12.33

12.36

12.39
12.42

12.45
12.48

—p—

@f@=[é+}ﬂ §aﬂww
@fm=[;—w+§eﬂww
m)f0)=:<i”-+ieﬁvuo)
m)f0)=<i-+ie“>wn

(@) f(¢) = 10e " cost u(r)

) f(¢) = [; + 0.62¢ % cos(t — 108.430)}140)

@) f(r) = [2¢¥ cos3t — ¥ ]u(r)

(b) £(t) = [1 + e *sindt |u(t)

(a) f(1) = [2te® + ¢ u(t)

(b) f(t) = [6 — Ste™ — 6" Ju(t)

f(t) = [—3 + 3+ %eﬂ + %ﬂ cos (21 — 26.560)]u(t)

(@ f(r) = %u(r 1) + %672(’71)140 -1
(b) £(t) = [5e 7P — 530D u(r — 2)
(@ f(r) = [— e 7D 4 4e_3(’_1)]u(t -1

2
Eef(’fz) + 23094(’2)}140 -2)

f(@) = (e = e )u(t)
@ £(0) =10, f(c0) = 0
() £(0) =0, f(o0) =0
(© f(0) =2, f(c0) =0
i(t) = 4e_gfu(t) A
if(t) = (47 — e u(t) A

12FE-2 v,(t = 0.1s) = 024V

Chapter 13

13.1

13.3

Z()— 6s + 8
S) 7 65 + 165 + 11

v(t) = 10u(t) V

21

ANSWERS TO SELECTED PROBLEMS
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22 ANSWERS TO SELECTED PROBLEMS

2

135 i(r) = <2 —e' = ie3t>u(t) A

137 o(t) = (5¢ — 4500t " )u(t) mV

1310 (1) = g(l - e’%)u(z) \Y

1313 0,(t) = (1 — Se™)u(t) V

13.16  wv,(t) = <— 4, 2e¢7" — 2063’>u(t) \Y%
3 3

1319 v,(t) = 2V2e " cos(t — 45°)u(t) V

1322 i (1) = [1 - §e3]u(t)A

8 17 -2
1325 o,(t) = < + de7 — 3¢ Z)M(Z) \%
1328  v,(t) = 5¢ u(t) V,t > 0
1330  i,(t) = —eu(t)A,t >0

3 %
1332 i (1) = e 2u(t)A,t >0

1335  o,(t) = (4 + 2e’%)u(t) V,t>0

1337 0,(t) = L15[e ™ — ¥ u(r) V.1 > 0

1340 v,(t) = 2.31[e ¥ — e u(r) V1 > 0

1343 0,(t) = (8 — 8¢ ™u(r) — [8 — 8 * Vu(r — 1) V

v, R,\ (1 + sCR)
1346 —2=(1+—")]—"2 R=R|R,

s R,/ 1+ sCR,
—s

v, R,C,

13.49 st = c c, R R,
s* + s< + ) +
CiGR;  CGR, CiGoR Ry R,

13.52  Yes
13.54  No, overdamped
1356 C = 05F
13.59 v, (t) = 4.7cos(t — 45°)V
13.62  i,(t) = 12V2cos(2t + 45°) A

Vv, s .
13FE-2 — = ———, the network is underdamped.

Vo 24+ s+2°



IRW-ANSW.I 3-05-2001 12:37 Page 23

Chapter 14
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ANSWERS TO SELECTED PROBLEMS
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14.1 =3 e
10 n;w jnw ¢
n#0
nodd
14.3 (t) — i i —jnmt o3 nl
. f(r) = 2 e sin 5
45 f(1) =+ i i
2 Eonw
n#0
nodd
148  o(t) = > (-1)" sinnt
n=1
1
1410 ay=—,b, =0
4
nmw 2 [
a, = —5- [cos() - l] + s1n<>
nemw 2 nmw
-
1413 ay= —
4
a, = L(cos(rrrr) - 1)
mn’
1
b, = ;(1 — 2cosn)
1
1416 ay = —
4
a, = ! (cos(nm) — 1)
nm?
1
b, = E(cos(mr) -2)
A A < 2A
14.19 t) = — + —sin(mt) + — 5 Cos nw!?
@) =+ sin(m) ,Z;w(l—nz) ’
1422 f(¢) = —4sin20mt — 5sin40ms — 3sin60mt — 2 sin80m — sin 1007t
(_1)n+120
1425 i (1) = E— |G(n)| cos(nt — 90° + 6On)
__Jn _
G(n) = 1+ 30’ on /G(n)
14.28 i, (¢) = 3.18sin(2wr + 89.9°) — 3.18sin (4wt + 89.9°) + 3.18sin (67 + 89.9°) — 3.18 sin (8w + 89.9°) mA
2A
1431 V(w) =—(1 — coswT)
jo
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24 ANSWERS TO SELECTED PROBLEMS

2a
a’ + o

1437 v,(t) = (e — e™*u(r) V

1434 F(o) =

1440 (1) = %[e*f — e u(t) v

14FE-1 a, = 0 since the average value is zero
a, = 0 for all n since this is an odd function
b, = 0 for n even because of half-wave symmetry
b, = finite numbers for n odd

Chapter 15

-1 -1 1
151 (a) Y =

1
ZL,Y12 = ZL’yZI = ZL,Yzz = 7,

)z, =2Z;,2, =2,,2,, = Z,,2,, = Z,

15.3 Y11:ﬁS»Y12:27115’Y21:27115,)’22:%5
15.5 Yu :iaYu:OaYZl :la)ﬁzzi
Z, Z, Z,
15.8 z,=180,2,=6Q0,2,, =6Q,2,, = 9Q
vV,
15.11 71 = —65.6
v,
1513 — = —438
Vi

1516  z, = R,,7;, = nR,, 2y, = nR,,2,, = n*(R, + R,)
1

15.19 hll = 69, h12 = 05, h21 = _05, h22 = gS

1522 A=1,B=-1Q0,C=15D=1—

R, + R R R, + R,R; + RRR, — YR
15.25 _ 2B:13 2143 1 — YIG

Y+ R ’ Y+ R,
C— 1 Ryt Ry
Y+ RT O Y+R
5 -2 -2 3
15.28 Y11:HS»Y12:HSJ’21:Hsy)’n:ﬁs
7,12y, — Zi,Z z
1531 h, = 11222 12 21,h12 _
7)) Z))
Zy 1
h,, = h,, =
21 5, 22 )
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1533 Y, =1S

15.36 ZT=|:18 6]
6 9
o 2000, 8
cCD 3—j 3+ 8

15FE-1 V, = 36V

—p—

ANSWERS TO SELECTED PROBLEMS
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Chapter 16
16.1 Vp (V) I,(A)
0 0
0.25 1.7 x 107"
0.50 2.9 X 1077
0.75 50 X 107
16.3 (a) 94V, (b) 10V, (c) 34V, @ -1V
16.5
Input
Ideal model
—— Constant voltage
5
VAN /\ /\
Q
PN /NN
"/ \_/ \
o \_/ \_/ \_/
<
E 51—
3
£ L /\ /7 \
0 ’ f
Y 1 5 2 25 3
t/T
‘/g ngeq Req
16.8 =—— Ry=——"—
VIN ngeq + 1 ngeq + 1
Req = Rs”rds
For given values R, = 833 Q)
A good application is a voltage buffer much like the unity gain buffer op-amp.
R
1610 o, = %(v2 — )

1
1612 Roy = 5 0. R = 14950
1613 Roy =120
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28 ANSWERS TO SELECTED PROBLEMS

16FE-1 When V) is greater than 6 V, D, is forward biased and D, is reverse biased. The
circuit reduces to that in Figure A where

Vin = 5001 + 6
and
V, =300 + 6
Solving for V,, yields
V, =6+ 0.6(Vy — 6)
When Vpy is less than —2 'V, D, is forward biased and D, is reverse biased. Under these

conditions, V, = —2 V. For V}y between —2 V and +6 V, both diodes are reverse biased, no
current flows anywhere and V, = V. A plot of V,, versus Vjy is shown in Figure B.

10
8 //
6
7 2000 S 4 /
L5 _—
0 /
5 /

VIN ‘/U —4 I I I I I I I I I I L
c —12-10 -8 =6 4 =2 0 2 4 6 8§ 10 12

Vin (V)

Figure A Figure B



