6

Inductance, Capacitance, and Mutual
Inductance

Assessment Problems

AP 6.1 [a] i, = 8¢ 20" — ge 1200 A
dig _
dt
v(0T) = —9.6 + 38.4 = 28.8V

v=1L —9.6e 3% 4 38412000y t>0"

[b] v =0 when 38.4e 2% =96 or t=(In4)/900 = 1.54ms
[c] p = vi = 384e 1790 — 76.8¢ 7500 _ 307.2¢~ 2190t W

d
[d] diz — 0 when e _ 195690 L 16—

Let z = €  and solve the quadratic 22 — 12.52 + 16 =0
In1.45
=1.45 t= = 411.05
! ’ 900 -
In11.05
T 05, t 900 ms

p is maximum at ¢ = 411.05 us

[e] Prmax = 3846—1.5(0.41105) _ 76.86_0'6(0'41105) _ 307.26_2'4(0'41105) =32.72W
[f] Z.max — 8[6—0.3(1.54) o 6_1'2(1'54)} —3.78 A

Winax = (1/2)(4 x 107%)(3.78)% = 28.6 mJ
[g] W is max when 7 is max, ¢ is max when di/dt is zero.

When di/dt = 0, v = 0, therefore ¢t = 1.54 ms.
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d d
AP 6.2 [a] i = Cd—;} = 24 1070 e %" sin 30,0001
= [0.72 cos 30,000t — 0.36 sin 30,000¢]e~ 1000 A i(07) =0.72A
s
' = —31.66 mA, — = 20.
[b] z<80m> 31.66 m U<8O ms) 0.505V,
p

=vi = —649.23 mW
1
[e] w= (2> Cv? =126.13 wJ
1
AP 6.3 [a] v = ( )

W 3 cos 50,000z dz = 100 sin 50,000t V

[b] p(t) = vi = [300 cos 50,000¢] sin 50,000¢
— 150sin 100,000 W, p(amax) = 150 W
[€] Wimax) = ( ) Cv2,. = 0.30(100)% = 3000 pJ = 3mlJ

60(240)
300
[b] i(0") =3+ —5 = —2A

AP 6.4 [a] L, = = 48 mH

125 1
[e] i =~ /+(—0.03e—5x) dr —2 = 0.125¢5 — 2,125 A
0

50 [t
d] i = /+(—0.03e_5x) dr+3=01e" 4 29A
0

25 [t

b= +(—0.03e—5ﬂf) dr — 5= 0.025¢"" — 5.025 A
0

iy + g =i

t
AP6.5 v = 05X 10° [ 240 x 1070107 dg — 10 = —12¢7 4 2V
0

t
vy = 0.125 x 106/ 240 x 100197y — 5 = —3¢-10 _ 9y
0+

v1(00) =2V, v9(00) = =2V




Problems

AP 6.6 [a] Summing the voltages around mesh 1 yields
diq d(iz + iy)

4% +8 p +20(iy — d2) +5(i1 +44) =0
or

diq , diy _ , di
4— +2 — — 200y = — -2

7 + 2561 + 8 7 019 (5zg +8 7 >

Summing the voltages around mesh 2 yields

d(is +1i4) _diy

or
diy , dis , di
— =2 16— =162
8 i 0iq + 16 7 + 80072 6 i

[b] From the solutions given in part (b)
i1(0) = —-04—-11.6 +12 =0; i2(0) = —-0.01-0.99+1=0
These values agree with zero initial energy in the circuit. At infinity,
i1(00) = —0.4A; ig(00) = —0.01A

When ¢ = oo the circuit reduces to

il
Ay Ay
50 200 -
1.96200) 7.8 278002
+ i,
78 7.8 7.8
; = _ (= 4+ 2 ) = _04A: i =——=—-0.01A
i1(00) (20 + 78()) ; iz(00) 730

From the solutions for ¢; and 75 we have

p
M 46.40e Y — 60e
dt
i
2 _ 3,96 — 5e o
dt
»
Also, 29 _ 7840~
dt
Thus
dil —4¢ —5t
4% _ 185,60 — 240¢

dt
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25i; = —10 — 290e % 4 300e "
i

822 _ 31.68¢ 4 — 40e
dt

200y = —0.20 — 19.80e* + 20~
5iy = 9.8 —9.8¢ "
di,

8—7 = 62.72¢ 4
dt ¢

Test:
185.60e™ — 240e=% — 10 — 290e~* + 300e 75 + 31.68¢ 4 — 40e=™

40.20 + 19.80e ™ — 20e7% £ —[9.8 — 9.8¢ ™ + 62.72¢ Y]
—9.8 + (300 — 240 — 40 — 20)e ™
+(185.60 — 290 + 31.68 + 19.80)e * £ —(9.8 + 52.92¢ )

?

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

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

Also,
i
8L _ 371,20 — 480¢
dt
20i; = —8 — 232¢~4 4 240e 7%
di
1622 = 63.36¢ % — 80¢
dt
800iy = —8 — 792¢~* 4+ 800e >
16% — 125.44¢~ 4
dt
Test:

371.20e™* — 480" + 8 + 232¢* — 240" + 63.36¢ 4" — 80e "
—8 — 792¢ ™% + 8007 £ —125.44e %

(8 — 8) + (800 — 480 — 240 — 80)e ™
+(371.20 + 232 + 63.36 — 792)e 4 £ —125.44¢ %

(800 — 800)e™ + (666.56 — 792)e * £ —125.44¢

—125.44e* = —125.44e~* (OK)



Problems

Problems
P61 [a] i = O t<0
i = 50tA 0<t<5ms
i = 0.5—50tA 5<t<10ms
7 = 0 10ms <t

»
[b] v:Ld—z:%x 10350) =1V 0<t<5ms

v=20x10"(-50)= -1V  5<t<10ms

v = 0 t <0
v = 1V 0<t<bms
v = —1V 5 <t<10ms
v = 0 10ms < ¢
p =01
p = 0 t<0
p = (50t)(1) =50t W 0<t<b5ms
p = (0.5-50t)(—1) =50t —0.5W 5<t<10ms
p = 0 10ms < ¢
w = 0 t <0

t .%'2 t
wo o= /50x Vdr =50 | = 25¢2] 0<t<5ms

0 2 0

t
w = / (502 — 0.5) dz + 0.625 x 103

0.005

t
= 2522 — 0.5z +0.625 x 1073
0.005
= 2512 — 0.5t +2.5x 1073]J 5<t<10ms

w = 0 10ms <t

P6.2 [a] 0 <t <2ms:

- 1
L/vsd:c—i—z(()) T 6/5>< 073 dz + 0
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t
=25z | =25t A

0

2ms <t < o0

1 t
= 0) dx + 25(2 x 107%) = 50 mA
"7 200 x 10-6 /zxm*?*() z+25(2>107) = 50m

[b]

00g

]
()
g 0

ooz

oo

=]

P6.3 Note — the initial current should be 1 A.

0<t<2s

—4x |t

0
_40+

1 t
L=~ 10%e % d =12
iy, 2‘5><10_4/03>< 0 %e r+0

=0.3—0.3e" 1A, 0<t<2s
ir(2) = 0.3A

2s<t< o0

—4(z—2)
ip=—12 (e .

t

+ 0.3>
2

= 0.3¢ 2 A, 25 <t< oo




3
E 0
? 11] 1 18 E| a6 L |
4_
)
u(t)
A
3 L
f_lk—/ 1 1
2 4 6
t(s)
di
— L—
[a] v o
»
d—z = 18[t(—10e~1%) + 710 = 18¢~1%(1 — 10¢)

v = (50 x 1079)(18)e 1%(1 — 10¢)
=0.9¢ (1 —~10t)mV, t>0
[b] p =vi
v(200ms) = 0.9¢ (1 — 2) = —121.8 uV
i(200ms) = 18(0.2)e™? = 487.2mA
p(200ms) = (—121.8 x 107%)(487.2 x 107%) = —59.34 uW
[c] delivering
1 1
[d] w = §Li2 — 5(50 x 1079)(487.2 x 107)* = 5.93 uJ
[e] The energy is a maximum where the current is a maximum:
dig
dt
diy
dt

= 18[t(—10)e 1 4 1) = 1871 (1 — 10t)

=0 when t=0.1s

Problems

6-7
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imax = 18(0.1)e” = 662.2 mA
1
Winax = 5(50 x 1079)(662.2 x 107*)% = 10.96 1uJ

P 6.5 [a] 0 <t <1s:

v = —100¢

1t x? |t
= — —100z d 0=-20—
/) 5/0 T ar + 2 1
i=—10t*A
1s<t<3s:

v = —200 + 100t
i(1) = —10A

1 t
i = f/ (100 — 200) dz — 10
9J 1
t t
- 20/xdx—4()/da:—10
1 1

= 10(£2—1) —40(t — 1) — 10

10¢%2 — 40t + 20 A
3s<t<5s:

v = 100

i(3) = 10(9) — 120 + 20 = —10 A
1 t
i = 7/10de—10
5J 3

= 206 —60—10=20t —70A
5s <t <6s:

v = —100¢ + 600
i(5) = 100 — 70 = 30

1 rt
i = 5/ (—1002 + 600) dz + 30

5

t t
= —20/xdm+120/ dz + 30
5 5

= —10(¢* — 25) + 120(t — 5) + 30
= —10t> 4+ 120t — 320 A



P 6.6

P 6.7

Problems

[b] i(6) = —10(36) + 120(6) — 320 = 720 — 680 = 40A, 6 <t < 0o

[c]

[a] UL, =L

di
dt
dv L

= 25,000(2 cos 400t — sin 400t)e 2" V /s

= [125sin 400t]e 2" v
[ ]

WL _ ) when tand00t = 2

dt
t =2.77Tms

Also 400t =1.107+ = etc.

Because of the decaying exponential v;, will be maximum the first time the
derivative is zero.

[b] vr(max) = [125sin 1.107]e "% = 64.27V

[a]

v max = 64.27V

Note: When ¢ = (1.107 + 7)/400; v, = —13.36 V

) 1 t )
1 = W/03081n500xd:c—4

t
= 2000 / sin 500z dz — 4
0

t

—cos 500z
500

—4

= 2000 {
0

= 4(1 — cosb00t) — 4
1 = —4cosb00t A
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[b]

CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

an

B0

40

20

20

40

B0

50

o - o rx 4 =] - rx D) - o
1 1 1 1 1 1 1

= vi = (30sin500¢)(—4 cos 500¢)
= —120sin 500t cos 500¢
= —60sin 1000t W
1
= 5[;7/2
1 -3 2
= 5(15 x 107?)16 cos® 500t
= 120 cos? 500t mJ
= [60 + 60 cos 1000¢] mJ.
v(V)
t(ms)
_i{A)
t(ms)
p(W)
t(ms)




Problems

wo WH)
120
0o
80
B0
40
20
. | . t(ms)l
0 5 10 18
[c] Absorbing power: Delivering power:
T <t<2mrms 0<t<mms
3 <t <4mrms 2r <t < 3mms

»
— = —10,000A4;¢7 1000 — 40,0004, 10

v = _200Ale—10,000t o 800A2€_407000t \Y4
0(0) = —2004; — 8004, = 28
Solving, A; = 0.1 and Ay, = —0.06

Thus,

i =0.1e 100000 _ () 0ge 10000 A t>0

v = _206—10,00015 + 486—40,000t V, t 2 0

[b] If p = 0 then either « = 0 or v = 0. Suppose ¢ = 0:

i = 0.16_10’000t _ 0.066_40’00(% =0
0.1e30% — 0.06 so t= —17.03 us

This answer is impossible! So assume that v = 0:

v = —90e—10000t | 49,4000t _ ()
Then, —20e*"%% = —48 - +=29.18 us

This answer makes sense; therefore, the power is 0 at ¢ = 29.18 us.

6-11
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P 6.9 [a] From Problem 6.8 we have
A+ Ay =0.04
Now, we add the second equation for the coefficients:
—200A; — 8004, = —68

Solving, A = —0.06; Ay =0.1
Thus,

i =—0.06e" 1% 4+ 0.1e7 1A >0
v = 1210000t _ g, —40,000t A 4 > )

[b] i =0 when 0.06e 0000 — () 1¢~40,000¢
30,0000t _ 5/3 so t=17.03pus

Thus,

1 >0 for 0<t<17.03us and 1 <0 for 17.03pus <t < o0

v=0 when 12¢ 1000 = gpe—40.000¢

300000 — 20/3  so t = 63.24 us

Thus,

v<0 for 0<t<63.24us and v>0 for 63.24us <t < oo

Therefore,

p<0 for 0<t<17.03us and 63.24 us <t < 00
(inductor delivers energy)
p>0 for 17.03pus <t <63.24pus (inductor stores energy)
[c] The energy stored att = 0 is
w(0) = ;L[i(())]z = ;(20 x 107%)(40 x 107%)* = 16 uJ

The power for ¢ > 0 is

p= vi = 66—50,00075 _ 86—80,000t -0 726—20,000t

The energy fort > 0 is

w:/ pdt:/ Ge—50:000z dx—/ g 80,000 dx—/ 0. 796200002 7.,
0 0 0 0

68 072
50,000 80,000 20,000

=—16u]

Thus, the energy stored at ¢ = 0 equals the energy extracted for ¢ > 0.



P 6.10

P6.11

P6.12

Problems 6-13

i = (B cos 1.6t + Bysin 1.6t)e %4
i(0) = By =5A

i
d—z = (B cos 1.6t + Bysin 1.6t)(—0.4e ") + e %% (1.6 B, sin 1.6t + 1.6 B, cos 1.6t)

= [(1.6By — 0.4B;) cos 1.6t — (1.6B; + 0.4B5) sin 1.6t]e” "

i
v = Qd—i = [(3.2By — 0.8B;) cos 1.6t — (3.2B; + 0.8By) sin 1.6t]e ™ %4

v(0) =28 =3.2By, — 08B =32By—4 .. By=32/32=10A
Thus,

i = (5cos 1.6t + 10sin 1.6t)e "4 A, t>0
v = (28 cos 1.6t — 24sin 1.6t)e >V, t>0
i(5) = 1.24 A, v(5) = -3.76 V

p(5) = (1.24)(—3.76) = —4.6TW

The power delivered is 4.67 W.

For0 <t <1.6s:
1 t
in = 5/ 3% 103 de + 0 = 0.6 x 1073
0
ir(1.6s) = (0.6 x 107%)(1.6) = 0.96 mA
R,, = (20)(1000) = 20k
U (1.65) = (0.96 x 107%)(20 x 10°) = 19.2V
p = vi = 40t[e " — 10te 2% — ¢72%]
W = / pdr = / 40x[e” 1" — 10ze 2" — e72%%) dz = 0.2]
0 0

This is energy stored in the inductor at t = co.
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P6.13 [a] v(20us) = 12.5x10%°(20 x 107%)2 =5V  (end of first interval )
v(20us) = 10%(20 x 107%) — (12.5)(400) x 10~% — 10
= 5V (start of second interval)
v(40pus) = 10%(40 x 107%) — (12.5)(1600) x 1073 — 10
= 10V (end of second interval)
[b] p(10us) = 62.5 x 10'%(107°)® = 62.5 mW, v(10us) = 1.25V,
i(10us) = 50mA, p(10us) = vi = 62.5mW,
p(30 us) = 437.50mW, v(30us) =8.75V,  i(30pus) =0.05A
[e] w(10us) = 15.625 x 10"%(10 x 107%)* = 0.15625 uJ
w = 0.5Cv? = 0.5(0.2 x 107°)(1.25)% = 0.15625 uJ
w(30 ps) = 7.65625 ul
w(30 us) = 0.5(0.2 x 1079)(8.75)% = 7.65625 uJ
P6.14 ic=C(dv/dt)
0<t<0.5:
v, = 3062V
ic =20 x 107°(60)¢t = 1.2t mA
056 <t<1:
v, = 30(t —1)2V

ic =20 x 107%(60)(t — 1) = 1.2(t — 1) mA

K00 iR
£




Problems

[a] 0 <t <5us

1
C =5uF — =2x10°
SRS

t
v:2><105/4dx+12
0

v=8x10t+12V  0<t<b5us
v(bus) =4+12=16V
[b] 5us <t <20us

t

v:2><105/ —92dr 4+ 16 = —4 x 10°% + 2 + 16
5%10—6

v=—4x10°t+18V 5 <t <20pus
v(20us) = —4 x 10°(20 x 107°) + 18 = 10V

[e] 20pus <t <25 pus
t

v:2><105/ 6dr + 10 = 12 x 10°t — 24 + 10
20%x10—6

v=12x 10t — 14V, 20 pus < t < 25 s
v(25pus) =12 x 10°(25 x 107%) — 14 = 16V

[d] 25us <t < 35us
t

U:2><105/ Adr+ 16 = 8 x 10°% — 20 + 16

25x10—6
v=28x 10"t -4V, 25 us < t < 35 us
v(35us) =8 x 10°(35 x 107°) —4 =24V

[e] 35us <t < o0
t

v:2><105/ Odz + 24 = 24
35x10—6
v=24V, 3ous <t < oo

m oYY
25 +

20 4

t{us)

6-15
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P6.16 v=-10V, t<0; C=08uF

v =40 — e "%%(50 cos 500t + 20 sin 500t)V, t >0

[a] i=0, t<0
[b] fl;’ = 1000e~1900 (50 cos 500¢ + 20 sin 500¢)
—e~1000t(_95 000 sin 500t + 10,000 cos 500¢)
= ~1000t(50 000 cos 500¢ 4 20,000 sin 500¢
25,000 sin 500¢ — 10,000 cos 500t)

= (40,000 cos 500t + 45,000 sin 500¢ )e~1000¢
dv

i o= C% = (32 cos 500t + 36 sin 500t )e~10%% mA

[e] no
[d] yes, from O to 32 mA
[e] v(co) =40V

1 1
w = 501;2 = §(0.8 x 1079)(40)* = 640 uJ

400 x 1073

Po6.1 ) =
6.17 [a] 7 5% 106

t=8x10"% 0<t<5pus
i=400x 1072  5<t<20pus

5x10~6 15x10~6
q = / 8 X 104tdt+/ 400 x 1073 dt
0 5x10—6

t2
8 x 10*—
2

5x10~6

+400 x 1073(10 x 1079)

0

8 x 10%(2)(25 x 1071%) + 4 x 1076
o uC

1
0.25 x 106

5uS 20 uS
V 8 x 10*z dx + 0.4x dx +
0 548

[b] v =

5uS
+0.4¢

1 20 uS

_ 442
= 0.25 x 10-6 [4 A0

0 5uS

30 uS

0 uS

+(5000t* — 0.5t)

(10*z — 0.5) das]

30 uS
20 uS

1
= [Ix10%°+6x10°-105x10"°48x 107% = 18V

0.25 x 10=6



Problems

50 uS

(5000¢* — 0.5t)

0pus) =18 + ——
L] w(50 ) =18 + 555 705 30,8

1
=184+ —— (—125x 107+ 10.5 x 107%) = 10V
+ 525 x 105 X 10774 10.5 % 1077)

1 1
w = 501;2 = 5(0.25 x 107%)(10)* = 12.5uJ

P6.18 [a] 1 / ¢ 10-3e2000t gy _ 90
. v = B ——— e —
0.5%x 1076/ ¢

—2000t

—2000

500x10~6

= 100 x 10° —20

0
= 50(1—e1)—20=11.61V
w = 1Cv?=1(0.5)(107)(11.61)* = 33.7 4uJ
[b] v(oc0) = 50 — 20 = 30V

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

P6.19 [a] w(0) = ;O[U(O)P = ;(0.25) x 1079(50)* = 312.5 uJ
[b] v = (At + Ay)e 100
v(0) = Ay =50V

dd: = —4000674000t<A1t + AQ) + 6740001%(‘41)

(—4000A;t — 4000A; + Ay)e 1000t

dv

Z2(0) = A — 40004
dt() ! 2

ZZC%’ Z(O) :C dt

dv(0)  i(0) 400 x 1073
dt C  0.25x 106

16 x 10° = A; — 4000(50)

=16 x 10°

\Y4
Thus, A; = 16 x 10° + 2 x 10° = 18 x 10° —
S

6-17
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[c] v = (18 x 10°t + 50)e 4000

d
(18 x 10°t + 50)e 100"

, dv 6

d
i= 2 (0458 +12.5 % 1070)e 4]

= (0.45t + 12.5 x 107%)(—4000)e 1000t 4 ¢=4000¢(() 45)
= (=1800t — 0.05 + 0.45)e~4000¢
= (0.40 — 1800t)e 4000t A t>0

P620 5)(12+8)=4H
4|4 =2H
15(/(8 +2) = 6H
306 = 2H
6+2=8H

P6.21 30[20=12H
80[|(8 4+ 12) = 16H
60[|(14 + 16) = 20H
15/(20 + 10) = 20H

Lo, =5+10=15H

P6.22 |[a] éi +
2H v

=}

1 t
i) = —5/0126—93 dz + 6

t
= Ge " | +6
0

= 6" —6+6
ity = 6e A, t>0



P 6.23

Problems

]_ t
bl () = —5/012e_xd:c+2

t
= e | 42
0

= 4d(et—1)+2
i) = 4det—2A,  t>0

1 t
[c] is(t) 3 / 12e77dr+4

t
= 2% +4
0

= 2(e'—1)+4
2e 7t + 2A, t>0

ia(t)
[d] p=wvi=(12e7")(6e") = T2e > W

w = /Oopdt = /00726*21t dt
0 0

e—2t

72—
—2

o0

0
= 36J

[e] w = ;(3)(2)2 + ;(6)(4)2 =54]

1 1
[f] Wirapped = 5(3)(_2)2 + 5(6)(2)2 = 18]

Wirapped = 04 — 36 = 18] checks
[g] Yes, they agree.
[a] i,(0) =i1(0) +i2(0) =4 A

[b]
1 +
-4t

L =10H 160e W

eq
1 t 6—436 t

i = ——/ 160647 dz + 4 = —16 4y
10/ o -4,

= 4dle —1)+4=4e A, t>0

6-19
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[c]
| | N N
i i . e
2H 6H o vb=1EDe WV
iD - v +
v, = Si(éle_‘”) = —128¢7 1V
“ dt
Ve = Vg4 v, =—128e4 4+ 1604
= 32 %V
1 t
i = _7/ 32¢1¢ dp + 1
3J o0
= 267e % —-267+1
ii = 2.67e " —1.67A, t>0
1 t
dl i, = —- / 3217 4y + 3
6.J o
= 133¢ % —-133+3
is, = 1.33¢ %4+ 1.67A, t>0
1 1 1
[e] w(0) = 5(3)(1)2 + 5(6)(3)2 + 5(8)(4)2 =025]

1
[f] wqe = 5(10)(4)2 =80J
[g] Wirapped = 92.5 — 80 = 12.5]
P624 v, = 160e %V

i, =4e A

p = 640e %W

t 6—8:(: t
w = / 640¢~5 di = 640 —80(1 — e )W
0

- 0

Wiotal = 8017
w(0.2) = 80(1 — e %) = 63.85]

Thus,

63.85
% delivered = W(lOO) = 79.8%



Problems 621

1 1 5
P625 -—-+-= Ceoq = 2.4 uF
17612 9T SEh
+ +
15V T 44F N N
- | = 12vTz.4uF L.6UF T 12V TZ.4uF 3 4uF T 12V
3V T GUF — B
+
1 1 4
- = —3uF
1T TR Coa =31
+ + - -
SME T TV TIMF —» TVTOUF BUF T 10VT 16UF — 10V T 24UF
- - + +
1 1 4
4= = o = 6 uF
24 '8 24 Coa =61
240F T 10V B
I —» GUF T3V
BLE T 7V
_ +

P 6.26  Work from the right hand side of the circuit, simplifying step by step:

1. 48 uF in series with 16 uF :  1/C'=1/16pu+1/48u ..  C =12 uF
The voltages add in series, so the 12 yF capacitor has a voltage of 20 V,
negative at the top.

2. Previous 12 yF in parallel with3uF: C=12pu+ 3 = 15uF
The voltage is 20 V, negative at the top.
3. Previous 15 pF in series with 30 uF :
1/C=1/15p+1/30p .. C=10uF

The voltages add in series, so the 10 ;F capacitor has a voltage of 10 V,
positive at the right.
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4. Previous 10 pF in parallel with 10 uF:  C' =10 + 10 p = 20 uF
The voltage 1s 10 V, negative at the top.

5. Previous 20 pF in series with 5 uF and 4 pF :
1/C=1/20u+1/5pu+1/4p .  C=2uF
The voltages in series add: 5V — 10V 4 30V = 25V positive at the top.

The equivalent capacitance is 2 F with a voltage of 25 V, positive at the top.

P6.27 [a] Sopeta

+ +
10V T 2uF v

o

1 t
= [90x10%eTdr+1
2><10_6/00><o e~ dz + 10

v, =
t
= 10e7™™ | +10
0
= 10e7tV, t>0
1 6 t
b = —(2 107%)e™" 4
[] U1 3X10—6<OX0 )6 0—|—
= 6.67¢ ' —-267V, t>0
1 6 t
= ——(20x 107°)e™® 6
[c] vo 5 x 1076( X Je 0+

3.33¢7" +2.67V, t>0

[dl p = wvi=(10e7%)(20 x 107%)e*
200 x 10762

w o= / 200 x 10-%¢~2 dt
0
—2t 00
= 200 x 1055
_2 0
= —100 x 107(0 — 1) = 100 uuJ
el w = 3(3x107°)(4)% + 3(6 x 107)(6)
= 132u)
[f] Wuappea = 3(3x 107)(8/3)? + (6 x 107)(8/3)?

32 ud
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Problems

CHECK: 100 4+ 32 = 132 J
[g] Yes, they agree.

Ci,=1042=12uF

1 1 1
—=—+— . Co=48uF
C, 12u  8pu 2 H

06(0) + v1(0) = =5+ 25 =20V

[a]

— 1o
+ +
20V T4.8uF

Black
z| Box

=

— - 1 2 103—20$d 20
2 48><10 6/ 92 x T+

—20x

= —400—

t

+20
0

= 20(e™2" — 1)+ 20
= 20e 2V, t>0

1 ¢
— [192x 1082 gy — 5
[b] 8 x 10~ / g e e A

<
o
|

6—2():5

—20

t
)
0

= =240

= 12(e™®—-1)-5
= 122" — 17V, t>0

] v = W/wleo ~202 g, 4 25

—20x

—20

t
= —160 +25

0

= 8(e " —1)+25
= 8e 417V, t>0

6-23



624 CHAPTER 6. Inductance, Capacitance, and Mutual Inductance

d i = —10><106§t[8620t+17]

= 10 x 10-5(—20)8¢ 20"
= 1.6e 2" mA, t>0

d
[e] o —2 % 10*6% [8e~20t +17]

= —2x 1076(—20)8¢ 2

= 0.32¢ 2% mA, t>0
CHECK: i1 + i5 = 1.92¢ 2 mA = 1,

P6.29 [a] w(0) [2(8 x 107%)(=5)% + 1(10 x 107%)(25)* + 3(2 x 107%)(25)]

= 3850 uJ
[b] v,(c0) = —17V
v(c0) = 17V
w(oco) = [2(8x107%)(—17)% + (12 x 1075)(17)?]
= 2890 uJ

[e] w= / (20e72%)(1.92 x 10732 dt = 960 uJ
0

CHECK: 3850 — 2890 = 960 pJ

[d] % delivered = ??86500 x 100 = 24.9%

0.04
/ (20620)(1.92 x 103 20) gt

[e] w(40ms) .

—40t

—40

0.04

0.0384

0

960 x 1076(1 — e~ 16) = 766.2 4J

766.2
% delivered = W(lOO) = 79.8%

P 6.30 From Figure 6.17(a) we have

1 1

t t

[1+1+ ]/t'd +02(0) + v2(0) +
V= |— PR e 1dx v (3]
Cl 02 0 ! 2



Therefore

Problems

1 1

1 o -
Cy LCy C

P 6.31 From Fig. 6.18(a)

i:Cl

@ dv dv
dt

+ =+, Ueq(O):’l]1<O)+U2(O)+"'

6-25

Therefore C., = C + C3 + - - -. Because the capacitors are in parallel, the initial
voltage on every capacitor must be the same. This initial voltage would appear on

Cl.
diy

P 6.32 —
dt

P 6.33

4
)
|

v, =

= 5{e209t[_8000 sin 4000f -+ 4000 cos 4000¢]
—2000e 2092 cos 4000t + sin 4000¢] }

= 5[1(4000) + (—2000)(2)] = 0
- 10><10—3‘f;;(0+):0

= 40i,(0%) 4 v5(0T) = 40(10) + 0 = 400V

1

t t
S —— —16,00030 _ —4000z .
0.625 x 10 (/01-56 dx /00.56 d:c) 50

150(e16:000t 1) — 200(e~*0% — 1) — 50

1506—16,000t _ 2006_4000t Vv
di,

2 103
5 x 10 7

25 X 1073(—24,0006716’00[% + 200067400015)
—600e—16:000t | 5)p—4000t 7

Ve — VL,

(1506—16,000t _ 2006_4000t) _ (_6006—16,000t + 506_4000t)
750e~16:000t _ 95 —4000t £>0

6.3 [a] ; + 16 ; +3 19 0
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P 6.35

P 6.36
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iy =8—8"A
i
% — 8 A/s

—16e7 "+ 32¢72 £ 32¢7F — 32¢7% = 16!

di dis
= 49 _97*<
le] o at ~ dt

4(8e7") — 2(—e 7t +2e7%)
= 3de 't —4e 2V, t>0
[d] v1(0) =34 -4 =30V, Also
di dig
0) = 4-2(0)—-2—=(0
= 4(8)—2(-1+2)=32—-2=30V
Yes, the initial value of v, is consistent with known circuit behavior.

[a] Yes, v, = 20(is — i1) + 601z
[b] v, = 20(1—52e75 +5le ™ — 4 — 64e>" + 68~ 1)+
60(1 — 52¢75 + 51e~ )
20(—3 — 1167 + 119e~%) + 60 — 3120e* + 3060e~*
—5440e7" 4 5440~V

02
o2

Vo =
el v, = ngt(ig —iy) + MCZ;
= 162(15 +36e75 — 5le~%) + 82(4 + 64e% — 68¢H)
= —2880e% + 3264e~4 — 2560 + 2176¢
v, = —b440e~" + 54401V

5(iy — 1) + 20(dg — i1) + 6042

5(16 — 16e75 — 4 — 64e~> + 68e~4)+

20(1 — 52e75 + 5le ¥ — 4 — 64e75 + 68~ 4)+
60(1 — 5275 + 51e~4)

60 + 5780e~* — 5840e~°' V

[b] v,(0) = 60 + 5780 — 5840 = 0V

[a] v,
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Problems

[e] paev = vy
960 + 92,480e1" — 94,400e 7" — 92,480e %"+
93,440e 10w
[d] paev(o0) = 960 W
[e] i1(c0) =4A; iz(c0) =1A; i,(00)=16A;
psa = (16 — 4)*(5) = 720W

P20 = 3%(20) = 180 W
peoa = 12(60) = 60 W

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

Zpdev = Zpabs =960 W

6-27

[a] Rearrange by organizing the equations by di, /dt, i1, dis/dt, i5 and transfer the

14 terms to the right hand side of the equations. We get
di

di di
451 4 953, — 852 — 204y = bi, — 8 -

dt dt

dil . diz . dl
—8— —20 16— + 80iy = 16—
dt 11 + dt + 19 dt
[b] From the given solutions we have
i
% — 320e 5" 4+ 2724
i
2 96065t — 2046
dt
Thus,
diy —5t —4t
4—= = —1280e~° + 1088e
dt
2511 = 100 4+ 1600e > — 17004
i
8% — 2080¢ 7 — 1632¢ %

2075 = 20 — 1040e " 4+ 1020e~#
5iy = 80 — 80e "
di,

8—% = 640e ™
dt ‘
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Thus,
—1280e% + 1088¢~* + 100 + 1600e " — 17004 — 2080e "

+1632¢% — 20 + 1040 — 1020e % = 80 — 80e > — 640¢ ™
80 + (1088 — 1700 4 1632 — 1020)e*

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

.

8 — _9560¢ % + 2176¢ 4
dt

20i; = 80 + 1280e " — 1360e~*
i

16% — 4160e" — 3264¢*

80iy = 80 — 4160e 75" + 40804

o
16219 — 1280¢
dt

2560e %" — 2176e* — 80 — 1280~ 4 1360e™* + 4160e " — 3264 *
+80 — 4160e % + 4080e 4 = 1280¢

(—80 4 80) + (2560 — 1280 + 4160 — 4160)e "
+(1360 — 2176 — 3264 4 4080)e~* = 1280e 5"

0+ 1280e™°" + 0e~* = 1280e°" (OK)

M2 (0.09)?
P 6.38 Ly = _ _ 50mH
lal L, <k2L1> (0.75)2(0.288) "0
N L 28
ER e Y i
N, VI, Vw0
L 0.288 »
o —02x1 A
b P = 5 = (pnpy = 02 % 10°° Wb/
Ly  0.05 s
_ L _ — 0.2 x 1075 Wh/A
P2 = N2 = ooy 8
L1 L2
P63 Pi=5=20WbA;  Py= 5 =20Wb/A; M =ky/LiLy = 180 uH
1 2

M
P12 = Pa NN, nWb/

P11 = P1 — Py = 0.8 nWb/A



P 6.40

P 6.41

P 6.42

[a] k=

[c] L

[b] P; =

Problems

M 7.2

= =0.8
VLiL, /81

[b] M =+/81 =9mH

NPy <N1>2
Ly N3Py, \ N,
(-5~
N, 3
N
- =3
N,

[a]l M =k\/L1Ly =0.8v324 =14.4mH

Li 36107
el S A Wb/A
Pr=nz = oo = 0n
dpin — Pn
— 01, Py =10P
dpar Pa 4 !

Pl = 7)11 + P21 = 117)11
1
P = ﬁpl = 81.82 nWb/A

Pa1 = 10P;; = 818.18 nWb/A

N, — M B 14.4 x 1073 _ 88 turns
27 NPy (200)(818.18 x 10-)
L2 9 % 10_3
— = —— =1162.19 nWb/A
NZ ~(88)2 n
[e] P11 = 81.82 nWb/A [see part (a)]
[d] @ — @
p12 Pro

P12 = P21 = 818.18 nWb/A

Py = Py — Py = 1162.19 x 107 — 818.18 x 1072 = 344.01 nWb/A
da2  344.01

= = 0.4205
012 818.18

[a] Dot terminal 1; the flux is up in coil 1-2, and down in coil 3-4. Assign the

6-29

current into terminal 4; the flux is down in coil 3-4. Therefore, dot terminal 4.

Hence, 1 and 4 or 2 and 3.

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

]- Pll PQQ Pll PQQ
P643 [a :(1+)(1+)=(1+)(1+)
[ ] kQ 7)12 7)12 7)21 7)12

Therefore
P12Po
(P21 + P11) (P12 + Pa2)

Now note that

¢1 = P11 + P21 = P1iNiiy + PorNiiy = Nyiy(Pri + Par)
and similarly

¢z = Naiz(Paz + Pr2)

It follows that

K =

P
(P11 + Pa) = Ny
and

| 92
(Pog + Pr2) = <N27l2)
Therefore

2 — (012/Noia)(d21/Niir) _ $12¢m
(¢1/Nii1)(¢2/Naiz) D102

or

= ($)(5)
¢1 P2
[b] The fractions (¢2;1/¢1) and (¢12/¢2) are by definition less than 1.0, therefore

k< 1.

di di di di di
P 6.44 [a] vab:L1l+L2i+Mi+Ml: (Ly+ Ly +2M) !

dt dt dt dt dt
It follows that L., = (L1 + Lo + 2M)
di di di di di
=/1—— M—+Ly——M—=(L Lo —2M
b1 vy, = L1y a T g =~ (it Lo ) a

Therefore L., = (L1 + Ly — 2M)
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P 6.46

P 6.47

Problems 6-31

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

Thus, the lower terminal of the unmarked coil has the same instantaneous polarity as
the dotted terminal. Therefore, place a dot on the lower terminal of the unmarked
coil.

d(il —1 ) diy

[a] vap = L1 7 + M ’

o d(lg — Zl) dlg d( ) ) dlg
O=bg Mg Mg ey
Collecting coefficients of [di, /dt] and [dis/dt], the two mesh-current equations
become

d d’lQ
=1L M—L
v = L + 2
and
le dl2
0=(M —Ly)—+ (L1 + Ly —2M
( 1) 0t + (L1 + Ly )~ i

Solving for [diy /dt] gives
diy L+ L, —2M
dt —  LiLy — M?

from which we have
B LyLy — M? diy
Yab =\ T+ L, — o ) \a
LiLy — M?
Ly+Lo—2M

Vab

Lab =

[b] If the magnetic polarity of coil 2 is reversed, the sign of M reverses, therefore

LiLy — M?
L+ Ly +2M

[a] W = (0.5)Lyi} + (0.5)Lyis + Miyiy

Lab -

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] = 2721.6 mJ
[c] W = [324 + 1296 — 1101.6] = 518.4m]
[d] W = [324 + 1296 — 1101.6] = 518.4m]
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P6.48 [a] M =1.0/(18)(32) =24mH, i, =6A
Therefore  16i5 + 144iy + 324 = 0, i3 + iy +20.25 = 0

9 9\ 2
Therefore iy = — (2) + <2> 20.25 = —4.5++0

Therefore i, = —4.5A

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

P 6.49  When the button is not pressed we have

»
+
Cf:E‘ixed v;t}l—v{t}l
vsn@ —»
+
CZ: Button U_(t)
»
dv d
Cy= = Cy— (v, —
v~ Gl =)
or
dv dvg
(C1 + 02)% =] o
dv Ch dvg

At~ (Cy+Cy) dt

Assuming C; =Cy =C

dv dvg
a =0
or

v = 0.5v4(t) 4+ v(0)

When the button is pressed we have
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Problems

Te,

v (D ¥ ¥ .
.
*

d d d(v — v
RS KR Gl

dt dt e

o G
dt  C,+Cy+ Cy dt
Assuming C} =Cy, =C35=C

dv _ 1 dv,
dt 3 dt

1
v = gvs(t) +v(0)
Therefore interchanging the fixed capacitor and the button has no effect on the
change in v(t).
With no finger touching and equal 10 pF capacitors

o(t) = ;8@5@)) +0 = 050,(t)

With a finger touching
Let (. = equivalent capacitance of person touching lamp

(10)(100)

C, = = 9.091 pF

Then C+C.=10+49.091 = 19.091 pF

) = 10
= 59,001

= 0.344v,

Av(t) = (0.5 — 0.344)v, = 0.1560,

6-33
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P 6.51 With no finger on the button the circuit is

. é) o= Fixed
= 1

v C.T Button

dv d
CIE@ — V) + Cz%(v +v,) =0
dv
when Ci=0,=C (20)E =0
With a finger on the button
Vs@ Cf: Fixed
(t) + CS CS
- v * I 47 I 47
USC) C_T Button
d(v — vy) d(v + vy) dv
4 7 + C% 7 + Cga =0
dv dvg dvs
(01+CQ+CS)E+CQE_01 i =0
dv
when Cl = CQ = 03 =C (30)5 =0

there is no change in the output voltage of this circuit.



