6

Inductance, Capacitance, and
Mutual Inductance

Assessment Problems

AP 6.1 [a] i, = 8 20 — 8 1200 A
v=L—-2 =—-96e3% 4 38 41200ty t>0"

v(07) = —9.6 + 38.4 = 28.8V

[b] v=0 when 38.4e " =9.6e">"" or t=(In4)/900 = 1.54ms
[c] p = vi = 384e 170 — 76.8¢ 7000 — 307.2¢ 72400 W

[d] — =0 when "% —125e% 416 =0
Let = " and solve the quadratic z? — 12.5z + 16 = 0
In1.45
= 1.44766 t= =411.05
v ’ 900 He
In11.05
= 11.0523 t= = 2.67
x , 900 ms

p is maximum at ¢ = 411.05 us

[e] Prnax = 3846—1.5(0.41105) _ 76.86_0'6(0'41105) _ 307.26_2'4(0'41105) = 32.72W

[f] W is max when 7 is max, i is max when di/dt is zero.
When di/dt =0, v = 0, therefore ¢t = 1.54 ms.
[g] oy = 8[e 0305 _ o~L2L5] — 378 A

Wiax = (1/2)(4 x 107%)(3.78)* = 28.6mJ
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6-2 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

d d
AP 6.2 [a] i= Od—: = 24> 107 Z e """ 5in 30,0001]
= [0.72 cos 30,000t — 0.36 sin 30,000¢]e >0 A
[b] i (1 ms> — —31.66mA, v (1 ms> = 20.505V
80 - ’ 80 - ’
p =vi = —649.23 mW

[c] w= ( Cv® = 126.13 1uJ

— N

)
AP 6.3 [a] v—( ) ide +v(07)
06><17106

[b] p(t) = vi = [300 cos 50,000¢] sin 50,000¢

3 cos 50,000z dx = 100sin 50,000t V

= 150sin 100,000t W, P(max) = 150 W

[€] Wimax) = ( ) Cv2,. = 0.30(100)* = 3000 uJ = 3mJ

60(240)
AP 64 Lo = —— =48 mH
6.4 [a] Leq 300 8m
[b] i(07) =3 ¥ —5=—2A
125 —52 —5t
[c] i == "(<0.08¢"5) dx — 2 = 0.125¢ — 2125 A
0
50 -5z —5t
[d] i1 = 3 ( 0.03¢™*)dxr +3=0.1le™" +29A
o+
: 25 -5z —5t
iz =2 | (-0.037")de — 5= 0.025¢ " ~ 5.025 A
0
1112 =1

t
AP 6.5 vy = 0.5 x 10° /+ 240 % 10-%¢=19% gy — 10 — —12~1% 42V
0

t

vy = 0.125 x 10° /+ 9240 x 10-66-10% gy — 5 — _3-10t _ oy
0

vi(00) =2V,  wy(00) = -2V

W= [1(2)(4) + %(8)(4) X 1075 = 20 1]

2
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Problems 6-3

AP 6.6 [a] Summing the voltages around mesh 1 yields

diy _d(is+i,)

4—1 48 +20(iy — i) + B(iy +ig) =0

dt dt
or
diy ) dio ) ) dig
4— + 25 8— —20i, =—[5 8—=
0t + 2511 + 7t 19 ( 1g + 0t

Summing the voltages around mesh 2 yields

dlia+ip) | gdin o o e — 0

16
dt dt

or

din . dis di,
P 504, + 1622 4 800y = —162¢
dt i A 107 & 80U dt

[b] From the solutions given in part (b)
i1(0) = =04 —11.6 + 12 = 0; i2(0) = -0.01 —=099+1=0

8

These values agree with zero initial energy in the circuit. At infinity,
21(00) = —0.4A; ZQ(OO) = —0.01A

When t = oo the circuit reduces to

ll
f Wiy
50 200 -
1.962(0) 7.8V £780Q
+ iz\L

78 7.8 7.8
(00) = — [(Z0 4 TON L g4 in(o0) = —C = _0.01A
(o) (20 * 780) 044; ixfo0) = =5 = —0.0

From the solutions for ¢; and 75 we have

dir = 46.40e~* — 60e

dt

»

2 _ 3.96e1 — 500t

dt
i

Also, 29 — 7847
dt

Thus

i

4% — 185.60e % — 240¢~7

2511 = —10 — 290e~* + 300e
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64 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

STUBENTS-HUIE, cdit

recording, or likewise. For inf

di
8% — 31.68¢ Y — 40¢5"

2005 = —0.20 — 19.80e 4 + 20e 5
5iy = 9.8 — 9.8
di

lg —4t
— =62.72
dt c

Test:

185.60e ™% — 240e™° — 10 — 290e~* + 300" + 31.68¢ ™

+0.20 + 19.80e % — 20e 7 £ —[9.8 — 9.8¢ ¥ + 62.72¢

—9.8 + (300 — 240 — 40 — 20)e~""

— 40

il

+(185.60 — 290 + 31.68 + 19.80)e~* < —(9.8 + 52.92¢*)

—9.8 4 0e ™ + (237.08 — 290)e* < —9.8 — 52.92¢ %

—9.8 — 52.92¢7* = —9.8 — 52.92¢~* (OK)

Also,
diy —4t _5¢
8—— = 371.20e % — 480¢
dt

20i; = —8 — 232¢~4 + 240

di
1622 — 63.36¢% — 80¢

dt
800iy = —8 — 792e 4 + 800e 5
16% _ 195 4401

dt
Test:
371.20e* — 480e7°" + 8 + 232¢ % — 240e°" + 63.36e 4 — 80e

—8 — 79274 4 800e 5" £ —125.44¢
(8 —8) + (800 — 480 — 240 — 80)e "
+(371.20 + 232 + 63.36 — 792)e " = —125.44¢ %
(800 — 800)e ™ + (666.56 — 792)e ™4 = —125.44¢ 4
—125.44e™* = —125.44e~*  (OK)
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Problems 6-5

Problems

P6.1 J[a] v=L—

= (150 x 107%)(25)[e 7% — 500te "] = 3.75¢°°%(1 — 500¢) mV
[b] i(5ms) = 25(0.005)(e*") = 10.26 mA
v(5ms) = 0.00375(e" %) (1 — 2.5) = —461.73 uV
p(5ms) = vi = (10.26 x 107%)(—461.73 x 1075) = —4.74 uW

[c] delivering 4.74 uW
[d] i(5ms) = 10.26 mA (from part [b))

1 1
w = §Lz'2 = 5(150 x 1079)(0.01026)* = 7.9nJ
[e] The energy is a maximum where the current is a maximum:
di
cth 0 when 1-500t=0 or t=2ms

imax = 25(0.002)e™" = 18.39mA

1
Winax = 5(150 x 107%)(0.01839)? = 25.38nJ

P62 J[a] ¢« = 0 t<0
7 = 4tA 0<t<25ms
1 = 02—4tA 25 <t < 50ms
= 0 50ms < t

i
[b] v= Ld—z —500 x 107%(4) =2V 0<t<25ms

v="500x10"%(—-4) = -2V 25 <t <50ms

v = 0 t<0
v = 2V 0<t<25ms
v = =2V 25 <t < d0ms
v = 0 50ms < t

P =i

mgnc U] er Saddle River, NJ. All rights reserved. This publication is protected by Copy f‘vavntten irén]
STU ubli ri reproductlon storage in a retrieval system, or transmission in any form or sgy pyBJO rl’]a'[

recording, or likewise. For mformatlon regarding permission(s), write to: Rights and Permissions Department, Pearson ducation, Inc., Upper Saddle R|ver NJ 07458.



6-6 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

p = 0 t<0
p = (4)(2) =8W 0 <t<25ms
p o= (0.2—4£)(—2) =8t — 0.4W 25 < t < 50ms
p = 0 50ms < t
w = 0 t<0
¢ 22 |t
wo = (8z)dwr = 8— | = 4t*] 0 <t<25ms
0 2 0
t
w = / (82 — 0.4) dz + 2.5 x 10~
0.025
t
= 42? — 0.4x +2.5x 1073
0.025
= 442 —04t+10x 10737J 25 <t < 50ms
w o= 0 10ms < t

p
d—; — _500A,¢ %% _ 2000 Aye 2000

v=—25A4,e""% — 100A45e 2000y
v(0) = —25A4; — 1004, =3
Solving, A; = 0.2 and A; = —0.08

Thus,
i = 200e799 — 802900 1y A t>0

v = —5e "0 4 8e 200 Y t>0
[b] i=0 when 200e """ = 80e 2000
Therefore

e =04 so t=—610.86us which is not possible!

v=0 when 5e "% = ge 200"

Therefore
e =16 so t=313.34pus

Thus the power is zero at t = 313.34 us.
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Problems 6-7

P 6.4 [a] From Problem 6.3 we have
i= Aye P00t 4 A o2000t A
v = =254 — 100422V
i(0) = Ay + Ay = 0.12
v(0) = —254; — 1004, = —18

Solving, Ay = —0.08; Ay =10.2
Thus,

= —80e°%% 1+ 200720 mA ¢ >0

v = 26—500t _ 206—2000t VvV ot 2 0

[b] i=0 when 80e " = 200e 200"
e =25 so t=610.86pus

Thus,
1 >0 for 0<t<610.86pus and 1 <0 for 610.86us <t < oo

v=0 when 2e " = 20e 20"

e =10 so t=1535.06us

Thus,
v<0 for 0<t<1535.06pus and v>0 for 1535.06us <t < o0
Therefore,

p<0 for 0<t<610.86us and 1535.06 us <t < 0o
(inductor delivers energy)
p>0 for 610.86us <t < 1535.06 us (inductor stores energy)

[c] The energy stored at t =0 is
1 1

w(0) = 5L[z‘(O)P = 5(0.05)(0.12)2 = 360 ]

p=vi=—0.16e"1"" 4 26720 — 4100\

For t > 0:
w:/ _0-166_1000tdt—|—/ 26_2500tdt—/ A p—1000t 3y
0 0 0
01661000t |00 9p=2500t oo 44000t o0
T 1000 o —2500 |y —4000 o
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6-8 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

=(-1.6+8—10) x 107*
= —360 uJ
Thus, the energy stored equals the energy extracted.
P 6.5 i= (Bjcos200t + Bysin200t)e "
i(0) = By = 75mA

di
dt

= [(200B, — 50B;) cos 200t — (200B; + 50B3) sin 200t]e 7%

di

v =0.2— = [(40By — 10B;) cos 200t — (40B; + 10By) sin 200t]e %

dt

v(0) = 4.25 = 40By, — 10B; = 40B, — 0.75 .. By = 125mA
Thus,
= (75 cos 200t + 125 sin 200t)e % mA, t>0
= (4.25 cos 200t — 4.25sin 200t)e "%V, t>0
i(0.025) = —28.25mA;  ©(0.025) = 1.513V
p(0.025) = (—28.25)(1.513) = —42.7mW delivering

P 6.6 p=vi=40t[e 1% — 10te 2% — =201
W= / pdx = / 40x[e % — 10ze™ 2" — 2% dz = 0.2]
0 0

This is energy stored in the inductor at t = oo

P6.7 [a] 0<t<50ms:

L d (0 10° t015d 0
—z/ovs $+z()—ﬁ/0. T+

t

= 200z | = 200t A

0
i(0.05) = 200(0.05) = 10 A

106t
t > 50 : ) = —— 0)d 10=10A
= OV IS ! 750 50><10*3( Jdv+
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Problems 6-9

[b] i =200tA, 0<t<50ms; i=10A, ¢ >50ms

i(A)
10 1
8
6 -
_.1_ 4
2 4

0 t(ms})

0 25 50 75 100

P68 0<¢t<100ms:

103 100 —100x |t
' 2¢7100% 70 4+ 0.1 = 40 0.1
1 = / x + ~100 | +
= —0.4e 1% L 05 A
ir(0.1) = —0.4e Y +0.5=0.5A
t > 100ms :
103 t 6—100(m—0.1) t
= — | —2e710E 0D gy 4 05 = —40————— 0.5
LT80 Jon € T 100 oy T
= 0.4e1000=0-1) L 1 A
v (V)
2 4
1.5 4
1 4
05
0 t(ms)
i 1
o5 s 50 100 150 200 250
14
1.3
2
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6-10

P 6.9

CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

i(A)
0.5

04 -

03

02 4

01 +

t(ms}

230

T T T T
] 30 100 150 200

[a] 0 <t<25ms:

v = 8007

2t

1 t x
— — [ 800zdr+0=280"
! 10/0 Tl 2 o

i =40t* A
25ms <t < 75ms:
v =20

i(0.025) = 25mA

1 rt p
— 20 0.025
10 /0.025 T

Z’ J—
t
= 2 + 0.025
0.025
= 2t —0.025A
7oms < ¢t < 125ms:
v =80— 800tV

(0.075) = 2(0.075) — 0.025 = 0.125 A

1 rt d

— 80 — 800 0.125
10/0.075( ZE) T

_ 802\ |t
N 2

0.075

+ 0.125

= 8t—40t2 - 0.25A
125ms <t < 150ms :

v = 800t — 120
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Problems
i(0.125) = 8(0.125) — 40(0.125)? — 0.25 = 0.125 A
1 t
i = —/ (8002 — 120) dar + 0.125
10/ 0.125
B 80x2
B 2

= 40t? —12t+ 1A
t > 150ms :

t

+ 0.125
0.125

v=20

i(0.150) = 40(0.15)> — 12(0.15) + 1 = 0.1 A

1 rt d
, = — 0 0.1
! 10/0.15 T

= 0.1A
[b] v=0 at ¢=100ms and ¢ = 150 ms

i(0.1) = 8(0.1) — 40(0.1)* - 0.25 = 0.15 A
i(0.15) = 0.1A
[c]

HES)

t(ms}

T T T
0 23 30 73 100 123 130 173 200

1 t

P6.10 [a] ¢ = —/ 20 cos 80z dz
0.1/ o0

t

sin 80x

= 200
80

0

= 2.5sin80t A
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6-12 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

[b] p = wvi=(20cos80t)(2.5sin80¢)
= 50cos 80t sin 80t
p = 25sin 160t W
1

1
= 3 (0.1)(2.5sin 80t)?

= 312.5sin?80t mJ
w = (156.25 — 156.25 cos 160t) mJ

W (‘."J

tis)

i(A)

tis)

1A

2

3

30

20 1

10 4

ti=)
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Problems 6-13

.35
w (@
0.3
023
02
015 -
0.1 -

0.05 4

0 T T T r t(s}
0 sl z 3r
160 20 160

&=

[c] Absorbing power: Delivering power:
0<t<7/160s w/160 <t <7 /80s
/80 <t <3m/160s 3r/160 <t < mw/40s

dz
P 6.11 =
d
=25 x 107" 7 —[10 cos 400t + 5 sin 400¢]e "%

= —25 x 107%(—200e2°*"[10 cos 400t + 5 sin 400¢]
+e~20%[—4000 sin 400¢ + 2000 cos 400¢])
v = —25 x 107%e72°%(—1000 sin 400t — 4000 sin 400t)
= —25 x 10~%e 2% (—5000 sin 400¢)
= 1252 sin 400t V

d

d?; = 125(e72°°(400) cos 400t — 200e~2*% sin 400t)
= 25,000e 2% (2 cos 400t — sin400t) V /s

dv .

i 0 when 2 cos 400t = sin 400t

tan400t =2, 400t = 1.11;  t=2.77ms
[b] v(2.77 ms) = 125¢ **°sin 1.11 = 64.27V
P6.12 For0<t<1.6s:

1 t
zL:g/3><10_3dar+0:0.6><10_3t
0

ir(1.68) = (0.6 x 107%)(1.6) = 0.96 mA
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6-14 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

R, = (20)(1000) = 20k

vm(1.68) = (0.96 x 1073)(20 x 10%) = 19.2V

d
P 613 [a] i = Cd—: — (5 % 107%)[500¢(—2500)e 25 4 500250

= 2.5 x 107%e72%%(1 — 2500t) A
[b] v(100 1) = 500(100 x 107%)e "?* = 38.94mV
i(100 1) = (2.5 x 1073)e"2°(1 — 0.25) = 1.46 mA
p(100 1) = vi = (38.94 x 107%)(1.46 x 107*) = 56.86 uW
[c] p >0, so the capacitor is absorbing power.
[d] v(100 ) = 38.94mV
w = %Oqﬂ = %(5 x 107%)(38.94 x 107%)? = 3.79nJ

[e] The energy is maximum when the voltage is maximum:

d
d—: = 0 when (1 — 2500t) = 0 or £ = 0.4ms

Umax = 500(0.4 x 107%)%e~! = 73.58 mV

Pmax = C'Umax = 13.53nJ

P6.14 [a] v = 0 t<0
v = 10tA 0<t<2s
v = 40— 10tA 2<t<6s
v = 10t —80A 6 <t<8s
v = 0 8s <t

[b] z'—CZ—:

1 = 0 t<0
i = 2mA 0<t<2s
i = —2mA 2<t<6s
i = 2mA 6 <t<8s
it = 0 8s <t
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I

S TS T S T ~ B ~
I

0
(10¢)(0.002) = 0.02t W

(40 — 10)(—0.002) = 0.02t — 0.08 W
(10t — 80)(0.002) = 0.02¢t — 0.16 W
0

w—/pdzv

[c]
p (W)
0.04 -
0.03 -

0.02 -

001 -

0

t
= 0.01¢2J

t
/ (0.022) dz = 0.0122
0

0

t
/ (0.022 — 0.08) dz + 0.04
2

t

(0.0122 — 0.08x) | +0.04

2

0.01£% — 0.08¢ + 0.16 J

t
/ (0.02¢ — 0.16) da + 0.04
6

t

(0.012% — 0.16x) | + 0.04
6

0.01£% — 0.16t + 0.64 J

Problems 6-15

t<0

0<t<2s
2<t<6s
6 <t<8s

8s <t

t<0

0<t<?2s

2<t<6s

6<t<8s

8s <t

-0.01 ~

-0.02 -

-0.03 A

-0.04 -
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6-16 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

From the plot of power above, it is clear that power is being absorbed for
0<t<2sandfor4ds<t<6s, because p > 0. Likewise, power is being
delivered for 2 s <t <4 sand 6 s <t < 8s, because p < 0.

P15 [a] w(0) = SCRO) = 5(5 % 10°)(60) = 9m]
[b] v = (A; + Agt)e 17

v(0) = A; =60V

Z—: = —1500e (A + Aot) + e 190 Ay)
= (—1500A,t — 15004, + Ap)e~1500¢
d?;(f) — Ay — 15004,
i = OZ—?;, i(0) = Od?;(f)

do(0)  i(0) 100 x 1073 ,
_ W) — 20 x 10
dt C = 5x10°6 %

20 x 10° = Ay — 1500(60)

\Y%
Thus, Ay = 20 x 10* +90 x 10° = 110 x 10° —
S
[c] v = (60+ 110 x 10°t)e~ '

dv d
=C— =5x1075—(60 + 110 x 103¢)e~1500
i o X dt( + X Je

i = (5x107%)[110,000e 159 — 1500(60 + 110, 000¢)e~150%]
= (0.1 — 825¢t)e 1700t A t>0

P 6.16 ic = C(dv/dt)
0<t<2s: ic =100 x 107(15)t* = 1.5 x 107%* A

2<t<d4s: ic =100 x 1077(=15)(t —4)*> = —1.5 x 107°(t — 4)* A
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Problems 6-17

()
E -
6
4 4
2 -
o t(s)
-2 A . : 'i
_4 -
-6 -
_S 4
d
P6.17 [a] i=C— =0, t<0
dt
dv d
[b] i = OE =120 x 10—6@30 + 5e779%(6 cos 2000t 4+ sin 2000t )]

= 120 x 107%[5(—500)e~*""(6 cos 2000t + sin 2000t)
+5(2000)e "% (—6'sin 2000t + cos 2000¢)]
= —0.6e°"%"[cos 2000t + 12.5sin 2000t] A, t >0

[c] no, v(07) =60V
v(0%) = 30+ 5(6) = 60 V

[d] yes, i(07)=0A
i(0) = —0.6 A

[e] v(oc0) =30V

1 1
w = 507;2 = 5(120 x 107%)(30)? = 54mJ

P6.18 [a] v(20us) = 12.5x10%20 x 107)2 =5V (end of first interval)
v(20ps) = 109(20 x 1075) — (12.5)(400) x 10~ — 10
= 5V (start of second interval)
v(40ps) = 109(40 x 1075) — (12.5)(1600) x 103 — 10
= 10V (end of second interval)
[b] p(10us) = 62.5 x 10%(107°)* = 62.5mW,  v(10pus) = 1.25V,
i(10ps) = 50mA, p(10 us) = vi = (1.25)(50m) = 62.5mW (checks)
p(30 us) = 437.50mW, v(30us) =8.75V, i(30us) = 0.05 A
p(30 us) = vi = (8.75)(0.05) = 62.5mW (checks)
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6-18 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

[c] w(10pus) = 15.625 x 10'%(10 x 107%)* = 0.15625 uJ
w = 0.50v% = 0.5(0.2 x 107%)(1.25)* = 0.15625
w(30 us) = 7.65625 pJ
w(30 us) = 0.5(0.2 x 107%)(8.75)? = 7.65625 j1.J

1 500x10~6
P619 [a] v = 7/ 50 x 10~3¢2000 gt — 90
0.5 x 1076/ o
—2000¢ |500x10~6
= 100 x 10® —20
—2000 lo

= 50(1 —e 1) —20=11.61V
w = 1Cv?=£(0.5)(1075)(11.61)%* = 33.7 puJ
[b] v(c0) =50 — 20 = 30V

1
w(oo) = 5(0.5 x 1079)(30)? =225 uJ

5
P620 [a] i=————t=2500t 0<t<2ms
2x 10-3
10 t4+10=10—-2500t 2<t<6
' T Ix 103 B = s P
=0 g 9s00t—20  6<i<10
T axi0 N =he
-~ +430=30-2500t 10<t<12ms
2 x 103
0.002 0.006
¢ = [ 2sootdt+ [ (10— 25000) dt
0 0.002
2500t2 0.002 2500t2 0.006
2 0 0.002

= 0.005— 0+ (0.06 — 0.045) — (0.02 — 0.005)

= 5mC
0.002 0.006
[b] v =05 x 106/ 2500z d + 0.5 x 106/ (10 — 25002) dz
0 0.002
0.01
0.5 % 106/ (25002 — 20) da
0.006
2500 2 10.002 0.006 2500 2 10.006 2500 2 0.01 0.01
— 05 x 10° < 10z | 2222 Mt — 20
0 0.002 2 0.002 2 0.006 0.006
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Problems 6-19

= 0.5 x 10°[(0.005 — 0) + (0.06 — 0.02) — (0.045 — 0.005)
+(0.125 — 0.045) — (0.2 — 0.12)]
= 2500V

v(10ms) = 2500V

0.012
[c] v(12ms) = v(10ms) + 0.5 x 106/ (30 — 25002) dr
0.01
2500 2 0.012
— 2500 + 0.5 x 10° <30x _ 2 )
2 0.01

= 2500 4+ 0.5 x 10°(0.36 — 0.18 — 0.3 + 0.125)

= 2500 + 2500 = 5000 V
1 1
w = 507;2 = 5(2 x 107%)(5000)* = 25J
P6.21 [a] 0<t<10pus

1
C =0.1uF — =10 x 10
0 c X

t
v =10 x 106/ —0.05dz + 15
0

v=-50x10"%+15V  0<t<10pus
v(l0ps) = =5+ 15=10V

[b] 10us <t <20pus

t
v:10><106/ 0.1dz + 10 = 10% — 10 + 10
10x10-6

v=10%V  10<t<20pus
v(20 us) = 10°(20 x 107%) =20V

[c] 20 us <t <40us

t
v:10><106/ 1.6dz + 20 = 1.6 x 10% — 32 + 20
20x10—6

v=16x10%—12V, 20pus <t <40pus
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620 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

[d] 40pus <t < o0
v(40pus) =64 — 12 =52V A0ps <t < oo

60 v (V)

P 6.22 [a] 15]]30 = 10mH
10 + 10 = 20mH

20([20 = 10mH
12)|24 = 8mH
10 +8 = 18mH
18]|9 = 6mH

Ly =6+8=14mH
[b] 12+ 18 = 30 uH
30(|20 = 12 uH
12 + 38 = 50 uH
30||75(/50 = 15 uH
15+ 15 = 30 uH
30/|60 = 20 uH
Lo, =20 + 25 = 45 uH

P 6.23 [a] Combine two 10 mH inductors in parallel to get a 5 mH equivalent
inductor. Then combine this parallel pair in series with three 1 mH
inductors:

10m|10m+1m+1m+ 1m=8mH

[b] Combine two 10 zH inductors in parallel to get a 5 uH inductor. Then
combine this parallel pair in series with four more 10 uH inductors:

10)[10 0 + 10 gt + 10 g0 + 10 40 + 10 o = 45 uH
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Problems 621

[c] Combine two 100 ¢H inductors in parallel to get a 50 pH inductor. Then
combine this parallel pair with a 100 xH inductor and three 10 uH

inductors in series:

100 £2[|100 12 4+ 100 12 4+ 10 42 + 10 g + 10 p = 180 uH
[a]

3.2H v =48y
aR +
di di
3.2— = 6de™ — 20e 4
dt O w
t
i) = 20/ ety — 5
0
6—4m t
= 20 -5
—4 0
i(t) = —be A
d’ll
b] 4— = 64e*
[b] L
t
h(t) = 16/ e dy — 10
0
6—4m t
= 16 —10
—4 o
Zl(t) = —de M _6A
di di
[c] 16% = 64e= Y SO % = 4eH
t
ir(t) = 4/ e dr+5
0
6—4m t
—4 o
ir(t) = —eM4+6A
[d] p= —vi=(—64e ") (=5 ) = 320e ¥ W
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6-22 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

T— /pdt:/ 320e8t dt
0 0

—8t

e o
= 320——
—8 0
= 40J
1 2 1 2
[e] w= 5(4)(~10)* + 5(16)(5)* = 400
[f] Wirapped = Winitial — Wdelivered = 400 — 40 = 360 J
1 1
[g] Wirapped = 5(4)(—-6)2+-§(16)(6)2:= 360J  checks
P 6.25 [a] i,(0) = —i1(0) —i(0) =6—1=5A
[b]
ig +
-100t
Leq =4H J/ 2000e W
1 100 —100z |
o = ——[ 2000e """ d 5= —500 5}
' 4/g ¢ “100, "

= 5(e10% _ 1) 45 =500 >0

I =100
W{ 1H Wa a1 Ve v =2000e
+ 3.2H +
i
1 + Va_ -

ve = 3.2(—=500e71%) = —1600e~ 1"V
Ve = g+ vy = —1600e19 4- 2000e 0

1 t

1J 0

—  _4e 100t g g

iy = —d4e100t _9 A £>0
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1 t
[l i o= g /04006_100md$—|—1

= —e W0t 9A £

o] w(0) = S(1)(6)” + 5 (4)(1)" + 5(32)(5)° = 601

1
[£] waer = 5(4)(5)° =507
[g] wtrappod = 60 - 50 = 10 J
1

Problems 623

O Wappes = 5 (12 + %(4)(2)2 +10J (check)

P 6.26 v, = 2000e 1%y
io = 5e 1 A

p = 10,000~ W

—200x |t

— [ 10te2007 g — € — 50(] — 200t
w = /0 dr = 10,000 | =50(1 — ¢ ™) W

0

Wtotal = 50J

80%wtotal = 40 J

Thus,
50 — 50e 2% = 40: 200 — 5; J. t=28.05ms
1 1 1 1
P 6.27 = — = Cy = 16nF
B & =5 a1 L=

Cy=4+16 =20nF

J’_
40W T Z20nF

- 20V+

30nF

1 1 1 1
.20 3012 3 o

Cy,=1248=20nF
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624 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

20nF
a —t
- 40V +

+
60V 20nF

+ 5v —
L &—t
10nF

11 1 1 1
44— =Z2.  Cs=5uF
C- =200 10" 5 5= on

Equivalent capacitance is 5nF with an initial voltage drop of +15 V.

1 1 1 1
b] —+—+-—== .. Copqu=6uF 24 +6 =30 uF
bl 35+ 8+ 13 7% a = 0K + p
IGUF
—”_ —
+ 5V - - -
2w =18 uF 5V = GUF Z4UF = 5V = AUF I0UF = 5v
Ve > ; > !
+ 8V -
S— +
12 UF
25 + 5 = 30 uF

%

ZEUF =

= :LIII‘-I]E.LLF —» 1EI‘-.-’-—3EI|_LF
1 1

4o p 2 —10uF
30+30+30 30 a H

I0WF
—t
+ 10v -

+

5w =30 UF 25v T+ 10UF
Ve >
— 20V 4+
—“. —
J0UF

Equivalent capacitance is 10 uF with an initial voltage drop of +25 V.

P 6.28 [a] Combine a 470 pF capacitor and a 10 pF capacitor in parallel to get a 480
pF capacitor:

(470 p) in parallel with (10 p) = 470 p 4+ 10 p = 480 pF
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Problems 625

[b] Create a 1200 nF capacitor as follows:
(1) in parallel with (0.1 ) in parallel with (0.1 p)

=1000n + 100n + 100n = 1200 nF

Create a second 1200 nF capacitor using the same three resistors. Place
these two 1200 nF in series:

(1200n)(1200n)
1200n + 1200n

[a] Combine two 220 uF capacitors in series to get a 110 uF capacitor. Then
combine the series pair in parallel with a 10 uF capacitor to get 120 pF:

= 600nF

(1200n) in series with (1200n) =

[(220 1) in series with (220 u)] in parallel with (10 p)

_ (220p)(220p)

10 4 = 120 uF
2204+ 220 T OH a

P 6.29 From Figure 6.17(a) we have

Tt 1 gt
v = 51/0 zda:+v1(0)+€2/ idr + vy(0) + - - -

1 1 £
v = [Ol—l—@—l- ]/Ozdzv—l—v1(0)+v2(0)+---

1 1 1
Therefore o = [01 + Cs +- ] ) Veq(0) = v1(0) + v2(0) + - -+
P 6.30 From Fig. 6.18(a)
dv dv dv

Z—C1d +02dt =[Cr+Cy+ - ]dt

Therefore Coq = C1 + Co + - - -. Because the capacitors are in parallel, the
initial voltage on every capacitor must be the same. This initial voltage would
appear on Ceq.

P 6.31 |a]

-25¢C
—>800e 1A

+ —
20V T L1-BUF gy
- +
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626 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

106 [t
vy = — / 800 x 10-5¢-25% gz — 20
1.6J o
6—25m t
— 500 —90
=95 1o

= —20e BV, t>0

106 —2bx |t

[b] o = —-(300x10°°) +5
0

= —16e ¥ +21V, t>0

106 5 —25x
= —(800 x 10~

t

—25

0
= —4e Pt 21V, t>0

[d p = —vi=—(—20e"%"(800 x 1075)e=2"
= 16 x 107379

w = /16><103—50tdt

—-50t

—50

o

= 16 x 1073

0

= —0.32x 10730 —1) =320

[e] w = 3(2x107%)(5)? + 1(8 x 1075)(25)?
= 2525ud
[f] Wirapped = Winitial — Wdelivered = 2525 — 320 = 2205 ,UJJ
(8] Wirappea = 3(2 x 1079)(21)% 4 (8 x 107)(—21)?
= 2205 pud
11 1 1 10
P632 —=-4+-4+-—=—=2
c. 1 5t in TS

vp = 20 — 250 + 30 = —200V
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— i,
2oy g0.5uF oy | Black
i b Box
106 ft
w o= o o 5 x 1073e75%% dx — 200
—=50z |t
= 10,000 —200
=50 o
= —200e75%V
106 gt
B v = —o= [ —5x 107 dr —20
= 20(e — 1) — 20
= 20e°% —40V
[c] = 105 i — 30
T 195 c
— 80(e — 1) — 30
= 80e "% — 110V
t
[d v = 10° / — 5 % 1073797 dy + 250
0
= 100(e™®% — 1) + 250
= 100e™%% + 150V
CHECK: v, = —v.—0q — v,
= —200e7°%V (checks)
d
fe] i1 = 02x 10721005 + 150
— 0.2 x 1075(—5000e5%) = —¢ =50 mA
d
(€] @2 = 0.8 10702 [100e75 + 150] = —de >
CHECK: iy, = 91 + iy = —5e 9% mA (OK)
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628 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance
P6.33 [a] w(0) = 21(0.2x107%)(250)% + (0.8 x 107%)(250) + (5 x 107%)(20)?
+ 2(1.25 x 107%)(30)?

= 32,812.5u)
[b] w(oo) = 3(5x 107%)(40)? + $(1.25 x 107)(110)? + $(0.2 x 107%)(150)?
+ 1(0.8 x 107%)(150)?
= 22,812.5 1]
[c] w= %(0.5 x 107%)(200)? = 10,000 pJ
CHECK: 32,812.5 — 22,812.5 = 10,000 /]

1
2

10,000
[d] % delivered = m x 100 = 30.48%
t t
o] w = [ (~0.005¢%07)(~200e~0%) do = [ 1% 4y
0 0

= 10(1 — e 1) m]J
1072(1 — e 1% = 7.5 x 107; e 1% = 0.25

In4
Th = — =13. .
us, t 100 3.86 ms

_ —800z —200z
P63 v = W(/m@ dz — /004e d:l?) 5
= 25(6_800t —-1) - 20(6_200t —1)+5
— 256_800t _ 206_200t Vv
di
= 150 x 10732
L dt
= 150 x 107%(—160e 5% 4 8e~200")
= —247800t 1 9200t
Vy = Ue— VL
— (256_800t _ 206_200t) _ (—246_800t + 1.26_200t)
= 4978001 _ 91272000 YV ¢t >0
di, .
P 6.35 é = (2){6_5000t[—1000 sin 1000t + 5000 cos 1000¢]
+(—5000e°%9%)[cos 1000¢ + 5sin 1000¢] }
= 6_5000t{— 52,000 sin 1000t} V
%

~2(0%) = (1)[sin(0)] = 0
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Problems 629

diy
50 x 10—3é(0+) —0  so  w(07)=0

v1(07) = 25i,(07) + v2(07) = 25(2) + 0 =50V

P 6.36 [a] Rearrange by organizing the equations by diy/dt, i1, diz/dt, is and transfer
the 74 terms to the right hand side of the equations. We get

diy dis di
4—— + 25i; — 8—= —20iy = 5i —
dt + 2011 i 19 lg — at
di, dis di
8% 904, + 1622 4 80, = 1624
dt 11 + dat + 3U20 = It
[b] From the given solutions we have
i
% — _320¢ + 272
i
2 260e 5t — 20464
dt
Thus,
diy —5t —4t
471 — 1280e7% + 1088e
dt
25i7 = 100 4+ 1600e = — 1700e =4
di
8% — 2080e " — 1632¢

20i5 = 20 — 1040e =" 4 1020e~*
5i, = 80 — 80e 5!
di,

—9 — 640e
dt ©

Thus,
—1280e75" + 1088¢ % + 100 + 1600e = — 1700e~* — 2080e >

+1632¢~* — 20 + 1040~ — 1020~ = 80 — 80e~* — 640e >
80 + (1088 — 1700 + 1632 — 1020)e™*

+(1600 — 1280 — 2080 + 1040)e > = 80 — 720¢
80 + (2720 — 2720)e* + (2640 — 3360)e > = 80 — 720> (OK)

di
8% — —2560e% + 21761
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6-30 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

20i; = 80 + 1280e " — 1360e~*
d’lg

16d— = 4160e 77" — 3264¢~ 4
80iy = 80 — 4160e > 4 4080e~*
16% = 1280e

dt

2560e %" — 2176e~* — 80 — 1280e 5! + 1360e 4 + 4160

180 — 4160e " + 4080~ < 1280e
(—80 + 80) + (2560 — 1280 + 4160 — 4160)e >
+(1360 — 2176 — 3264 + 4080)e~* = 1280e 5"
0 + 1280 + 0e~* = 1280~ (OK)
P 6.37 [a] Yes, using KVL around the lower right loop
Vo = V200 + Veon = 20(i2 — i1) + 60iy

[b] v, = 20(1—52e " +5le ™ —4 — 64e™" + 68e~4)+
60(1 — 52e~5" 4 5le—1)

— 32644

= 20(—3 — 116e7" 4+ 119¢™*) + 60 — 3120e =" + 3060e~*

v, = —5H440e 5 4 5440e "V
d diy
y = Lo Yt
[} v 2 g g = 1) + M0,
d —5t —A4t d —5t —4t
= 1615+ 36e75 — 5le™) + 82 (4 + e~ — 68¢1)
= —2880e % + 3264e~* — 2560e %t + 21764
v, = —5H440e 5 + 5440e~1*V
P6.38 [a] v, = 5(iy—i1) +20(in —i1) + 60i

= 5(16 — 1675 — 4 — 64e 7" + 68e~1)+
20(1 — 52e75 + 5le ™ — 4 — 64e > + 68~ 1)+
60(1 — 52 + 51e~ %)
= 60 + 5780e™* — 5840e = V
[b] v,(0) = 60 + 5780 — 5840 = 0V
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Problems 631

[c] Paev = vgiy
= 960 + 92,480e* — 94,400~ — 92,480e % +
93,440e 10t W

[d] Paev(00) = 960 W
[e] i1(00) =4A; dy(c0) =1A; id4(c0) =16A;

psa = (16 — 4)*(5) = 20 W

p20a = 3%(20) = 180 W

Peon = 1%(60) = 60 W

3" Pabs = 720 + 180 + 60 = 960 W

S i = Pabs = 960 W

di dis
P 6.39 0.5—2 +0.2— 4+ 10i,, =0
(] 057, + 0.2 + 10i

dis di
0.2— + 10iy = —0.5—2
a dt
[b] iy = 625¢ 1% — 250 " mA
dis
dt
ig=e """ —10A
dig
dt

= —6.25¢ 1" 4+ 12.5e 7% A /s

= —10e " A/s

i
0.2% +10iy =5¢%  and  — 052 = 5o 10t
dig | 52

[e] v = 5, dt

= 5(—=10e71%) 4 0.5(—6.25¢ 719 + 12.5¢7°0%)
= —53.125¢71% 4 6.25¢ 9V, t>0
[d] v1(0) = —53.125 + 6.25 = —46.875V; Also
di dis
0) = 5-2(0)+05==(0
n(0) = 5°20)+05%2(0)
= 5(—10) +0.5(—6.25 + 12.5) = —46.875V
Yes, the initial value of v; is consistent with known circuit behavior.

P, Edugati nc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyri anf‘vavritten permjssi sh_ot;ljb obt; irén]
STU mmﬂgy Qﬁiﬁn reproduction, storage in a retrieval system, or transmission in any form or P @:dnsigvych lﬁ) Fré pyBJO rl’]a'[
er Sa

recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upp ddle River, NJ 07458.



6-32 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

di di

di  di di
= (Li+ Ly +2M)

1
P 6.40 b= L L M M—
[a] vap = 1d+2d+ dt+ 7

It follows that L., = (L; 4+ Lo + 2M)

di di di di di
E_M£+Ldt M@ (L1+L2—2M)dt

Therefore L., = (Ly + Ly — 2M)

[b] Vab = L1

d(il — 1 ) diy

P 6.41 b= L M—=
[a] vap = In——7—+ M-
d(’lz — 21) d’lg d( 11 — 22) d’lg
= ——— M =4+ M —-—= 4 [
0=Li—% a @ T a

Collecting coefficients of [di1/dt| and [diz/dt], the two mesh-current
equations become

diy dis
Uab ng‘l’ (M—Ll)a
and
d’ll d’&g
= —L)— L Lo —2M)—
0=( 1) qt + (L1 + Lo )dt

Solving for [diy/dt] gives
div Ly + Ly —2M
dt —  LiLy — M?

from which we have
o LiLy — M? @
T\ Ly —2M ) \at
LyLy — M?
Li+ Ly —2M

Vab

Lab =

[b] If the magnetic polarity of coil 2 is reversed, the sign of M reverses,
therefore
LiLy — M?
Li+ Ly +2M

P 6.42 When the switch is opened the induced voltage is negative at the dotted
terminal. Since the voltmeter kicks downscale, the induced voltage across the
voltmeter must be negative at its positive terminal. Therefore, the voltage is
negative at the positive terminal of the voltmeter.

ab —

Thus, the upper terminal of the unmarked coil has the same instantaneous
polarity as the dotted terminal. Therefore, place a dot on the upper terminal
of the unmarked coil.
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Problems 6-33

P 6.43 [a] Dot terminal 1; the flux is up in coil 1-2, and down in coil 3-4. Assign the
current into terminal 4; the flux is down in coil 3-4. Therefore, dot

terminal 4. Hence, 1 and 4 or 2 and 3.

[b] Dot terminal 2; the flux is up in coil 1-2, and right-to-left in coil 3-4.
Assign the current into terminal 4; the flux is right-to-left in coil 3-4.

Therefore, dot terminal 4. Hence, 2 and 4 or 1 and 3.

[c] Dot terminal 2; the flux is up in coil 1-2, and right-to-left in coil 3-4.
Assign the current into terminal 4; the flux is right-to-left in coil 3-4.

Therefore, dot terminal 4. Hence, 2 and 4 or 1 and 3.

[d] Dot terminal 1; the flux is down in coil 1-2, and down in coil 3-4. Assign
the current into terminal 4; the flux is down in coil 3-4. Therefore, dot

P 6.44 [a] %=(1+&> (1+@>:(1+&> (1+@>

terminal 4. Hence, 1 and 4 or 2 and 3.

7312

Therefore

7312 7321 7312

Pi12Pa
(Pa1 + P11) (P12 + Pa2)

Now note that
¢1 = P11 + P21 = P11 Nvin + ParNiiy = Nyiy (P11 + Por)

B2 =

and similarly
¢2 = Noia(Paz + Pi2)
It follows that

o
(P11 + Pay) = Niiy
and

x>
(Pag + Pr2) = <N2i2>
Therefore

12— (012/Noia)(d21/Nria) _ $ra¢m
(¢1/N1i1)(¢2/Naiz) P12

or

()

[b] The fractions (¢21/¢1) and (¢12/¢2) are by definition less than 1.0,

P 6.45 [a] k=

STURENTS-HLIE,
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6-34 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

[b] Mpax = V576 = 24mH

] Li NPy (N1>2
C —_— = = —_—
Ly NP, N,
Ni\?2 60
—) =—=6.25
(%) =93
Mo o3 —25
N, 77

=50mH

P 6.46 [a] Ly = ( M ) - (0.09)°

k2L 0.75)2(0.288)

N
AL &:1/@:2‘4
Ny Ly 50

L 0288
b e =0.2x 107" A
[b] P N7 = (1200)2 0.2 x 1078 Wh/
L, 0.5 »
=2 = = _02x 10" Wh/A
P2 =32 = Booy % /

P 6.47 [a] W = (0.5)Lyi% + (0.5)Lais + Miyiy
M = 0.85/(18)(32) = 20.4mH
W = [9(36) 4 16(81) + 20.4(54)] = 2721.6 mJ

[b] W = [324 + 1296 + 1101.6] = 2721.6mJ
[c] W = [324 + 1296 — 1101.6] = 518.4m]J
[d] W = [324 + 1296 — 1101.6] = 518.4mJ

P 6.48 [a] M =1.0\/(18)(32) = 24mH, it =6A
Therefore 16i3 + 144iy + 324 = 0, i3 + 9y +20.25 = 0

2
Therefore iy = — (g) + (g) —20.25 = —4.5+ 0

Therefore 79 = —4.5A

[b] No, setting W equal to a negative value will make the quantity under the
square root sign negative.
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Problems 6-35

72 x 1073
= 2 N = — =
P 649 [a] L= NiPii  Pr= o = 1152 nWh/A
dou P11
d¢21 le b 21 11

1152 x 1072 = Py + Poy = 3P4y
Pll =192 nWb/A, Pgl = 960 nWb/A

M = ky/Li Ly = (2/3),/(0.072)(0.0405) = 36 mH

M 36 x 10~
Ny = - — 150 t
2T NPar (250)(960 x 10-9) Hns

L 40.5 x 1073

[c] P11 =192 nWb/A [see part (a)]
P2 P2 Pa=Pra _ Po

q 2-2_n-nz_ 2y
¢12 7312 7312 7312

Pa1 = Par = 960 n'Wh/A; P, = 1800 nWh/A

022 1800
— = ———-1=0.875
P12 960
L1 L2
P650 P;= Flz =2nWb/A; Py = ng =2nWb/A; M =ky\/LiL, =180uH
Pi2 = Par NN, nWb/

Pll — Pl - Pgl =0.8 nWb/A

P 6.51 When the touchscreen in the mutual-capacitance design is touched at the point
x,1, the touch capacitance C; is present in series with the mutual capacitance
at the touch point, Cy,,,. Remember that capacitances combine in series the
way that resistances combine in parallel. The resulting mutual capacitance is

Cmm Ct
Oy =
mey Cmmy + Ct

P 6.52 [a] The self-capacitance and the touch capacitance are effectively connected in
parallel. Therefore, the capacitance at the x-grid electrode closest to the
touch point with respect to ground is

C, =C,+ Cy =30pF + 15pF = 45pF.

The same capacitance exists at the y-grid electrode closest to the touch
point with respect to ground.
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6-36 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

[b] The mutual-capacitance and the touch capacitance are effectively
connected in series. Therefore, the mutual capacitance between the
x-grid and y-grid electrodes closest to the touch point is

o CrneyCr - (30)(15)
Y Oy +Cr 30415

[c] In the self-capacitance design, touching the screen increases the
capacitance being measured at the point of touch. For example, in part
(a) the measured capacitance before the touch is 30 pF and after the
touch is 45 pF. In the mutual-capacitance design, touching the screen
decreases the capacitance being measured at the point of touch. For
example, in part (b) the measured capacitance before the touch is 30 pF
and after the touch is 10 pF.

= 10pF.

P 6.53 [a] The four touch points identified are the two actual touch points and two
ghost touch points. Their coordinates, in inches from the upper left
corner of the screen, are

(2.1,4.3): (3.2,25); (2.1,2.5); and (3.2,4.3)

These four coordinates identify a rectangle within the screen, shown
below.

(0. 0)

(2.1,2.5) x—0(3.2,2.5)

(2.1.43) 0——=x% (3.2, 4.3)

[b] The touch points identified at time ¢; are those listed in part (a). The
touch points recognized at time t, are

(1.8,4.9): (3.9,1.8); (1.8,1.8); and (3.9,4.9)

The first two coordinates are the actual touch points and the last two
coordinates are the associated ghost points. Again, the four coordinates
identify a rectangle at time t,, as shown here:
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Problems 6-37

(0, 0)

(1.8.1.8)] = P (3.9, 1.8)
(2.1,2.5) x—0 (3.2,2.5)

2

(2.1.43) 0——=x (3.2, 4.3)

(18.4.9] o x |(3.9,49)

Note that the rectangle at time t5 is larger than the rectangle at time ¢,
so the software would recognize the two fingers are moving toward the
edges of the screen. This pinch gesture thus specifies a zoom-in for the
screen.

[c] The touch points identified at time ¢; are those listed in part (a). The
touch points recognized at time t, are

(2.8,3.9); (3.0,2.8); (2.8,2.8); and (3.0,3.9)

The first two coordinates are the actual touch points and the last two
coordinates are the associated ghost points. Again, the four coordinates
identify a rectangle at time t5, as shown here:

(0. 0)

4
(2.1,2.5) - (3.2,2.5)
(2.8, 2.8) 0 1(3.0,2.8)

(2.8.3.9) 3.0.3.9)
(2.1.43) c'»—i (32.4'3)
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6-38 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

Here, the rectangle at time t, is smaller than the rectangle at time ¢4, so
the software would recognize the two fingers are moving toward the
middle of the screen. This pinch gesture thus specifies a zoom-out for the
screen.
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