L&C Probs, 11/15/01 P:7-1 © R. A. DeCarlo, P. M. Lin

PROBLEM SOLUTIONSCHAPTER 7

SOLUTION 7.1. Given the coil has 48 turns and 12 turns/cm, we know that the length of the coil is4 cm.
Since the length of the coil is greater than 0.4 times its diameter, the formula given in the question can be
used:

_47107°7 (0.02)%" (48)?
~ 18 (0.02) +40° (0.04)

=18.81uH

SOLUTION 7.2. Part 1. Applying (7.1)
Thevoltage v, (t) can be computed using the inductor v-i relationship:

vt = L%

The calculationsfor v, (t) for t = Osto 5s are summarized in the following table:

Time Interval d/dt (i.,(t)) v, (t)
Os<t£ls 2As” iy
1s<t£3s -2 As* -1V
3s<t£4s 2As” 1v
4s< t £5s 0As" oV

Below isthe plot of V| vstime.
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Part 2. Applying (7.4)
W ()= 5 (05 2(1)

Inthetimeinterval Os<t £ 1s, i;,(t) = 2t. Thus
_Ll 20\ .2
W)= (053 (1) =t

Inthetimeinterval 1s<t£ 3s, ij,(t)=4- 2t. Thus
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W,_(t):—;(O.Sii%(t)) :711(4- ot)2=t2- 4t+4

Inasimilar way, wy_(t) can be computed in the remaining intervals.
The calculations for w (t) for t = Os to 5s are summarized in the following table:

Time Interval 1. (t) w, (t)
Os<t£ls 2t t
1s<t£3s 4-2t t°-4t+4
3s<t£4s -8+2t t°-8t+16
4s< t£5s 0 0

Below isthe plot of w, vst.

SOLUTION 7.3. Applying (7.2)
: : 1.t
ILO=1L0)+ T QuL(r)d

Itisassumed that i, (0) = 0 A. Using the preceding formula and the fact that v;,(t) = t in the time interval
Os<t£ 2s, thecurrentis

. 1 \t - - .
|L(t):ﬁqrdr:t2 inthetimeinterval Os<t £ 2s
Inthetimeinterval 2s<t £ 3s vi, () =2. Hence
()= == v (1)t =iy () +—= Q2dt= 4 + e, = 4t- 4
L= g QUL =i (2) + 5z Q2dt =4+ 4y = 4t-

Inasimilar way i (t) can be computed in the remaining intervals.

The calculationsfor i, (t) for t = Osto 6s are summarized in the following table:
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Time Interval v, (1), V 1, (1), A
Os<t£2s t t
2<t£3s 2 4t-4
3s<t£bs -2 20-4t
5s<t£6s 0 0

Below isthe plot of i, vst.
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SOLUTION 7.4. Part 1. Using (7.1), we have

Vin () =0.2" 10° SEdt [is(t] =0.2" 10"3* 1000c05(1000t) = 0.2cos(1000t)mV

For the 2mH inductor

1t t

lout (0= iou (0) + T ROV (¢)clt = — 10' = (Pcos(1000r) dt = sin(1000)mA
0 0

Belowisasketchof i . vst.
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Part 2. Instantaneous power delivered by the dependent sourceis given by

() =V (1) i () =10 (1) iy (t) = 2c0S(1000t) " sin(1000K) = Sin(2000t)W
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Part 3. The energy stored in the 2mH inductor is given by
W (1) = —; Li, 2(t) = % Ligye2(t) = sin>(1000t)nJ
Below isasketch of W, vst

SOLUTION 7.5. Part 1 For the excitation in Figure P7.5b,

t t
(0 :i1(0)+%g)/in(f)d% i2(0)= i2(0)+r§5(c)‘ym(r>dr = 2iy(1)

It isassumed that i1(0) =i,(0)=0 A. Intheinterval Os<t £ 1s, v, (t) =- 10V . Hence, inthisinterval
(1) = — Qvi (@) dt = —= & (- 10)crt = - 20t
19 =55 Q"inWT =55 -
10(8) = —— vin(t)dkt = i‘ 10)dt = - 40t
Intheinterval 1s<t£ 2s, vj,(t) =- 5V . Hence, inthisinterval,

il(t):i1(1)+o—15(‘2tvin(r)dt -2o+—q( 5)dt =- 10t - 10

() =i D)+ 025qvm(’t)d‘t -40+ OZSQ( 5)dt =- 20t - 20

Inasimilar fashion i, (t) and i,(t) can be computed in other intervals.

The calculations for i,(t) and i,(t) for t = Osto 5s are summarized in the following table:
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Time Interval v, (1), V L(), A L(t), A
Os<t£ls -10 -20t -40t
1s<t£2s -5 -10-10t -20-20t
25<t£3s 0 -30 -60
3s<t£4s 5 -60+10t -120+20t
4s< t£5s 10 100+20t 200+40t

Below aretheplotsof i, vstand i, vst.

Part 2 For the excitation in Figure P7.5c,
t t

) . 1. ) . 1 . )
() =11(0) + = Qin(D) 0T, ix(t) = i2(0) + =5z Oin(T)dt = 2ig(1)
0.5O 0.250
Itisassumed that i,(0) =i,(0) =0A. Intheinterval Os<t £ 1s, vi,, (t) =10t. Hence, in thisinterval

(M =110+ 5 va(r)dt = oi é(l&)dr =10t

and

()= ix(0) + Tés QVin(0)ck = Tés §(20r)cke = 2002

Intheinterval 1s<t£ 3s, Vi, () =10t- 20. Hence, in thisinterval

() =ir()+ 5= Qv,n(t)dt =10 + sq (10t - 20)dt =10t2 - 40t + 40

1

Ozsq(lor - 20)dt =20t% - 80t+80

12(0)= (1) + 5z QUin(t)c =20+

025

The calculations for i,(t) and i,(t) for t = Osto 3s are summarized in the following table:
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Time Interval v, (1), V L(), A L(t), A
Os<t£ls 10t 10t° 20t°
1s<t£3s 10t-20 10t°-40t+40 20t°-80t+80

Below arethe plotsof i, vstand i, vst.
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SOLUTION 7.6. For thecircuit in Figure P7.6, the parallel combination of the 0.75mH and 1.5mH
inductors can be replaced by an inductor with the inductance of (0.75|[1.5)mH. The v-i relationship for
thisinductor is

t

1
3 O/S(r)dr A

[(0.75)|(@5)] " 10 3Q st =5s

iin(t) = iin (0) +

The series combination of the 0.8mH and 0.6mH can be replaced by an (0.8mH + 0.6mH) inductor. The
v-i relationship for thisinductor gives:

0.8+06. det Y

Vout () = (0.8+0.6)” 1073 [6 n)]= o5 ggys( )dra 16.8v5(t) V

Below isaplot of v, ,(t) vst.
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Assumei, (0) =0 for all inductors.
t t
. . 6 N . A 3
out (1) = 6ijn(t) = ———5 O%s(t)dt =12" 107 Qss(t)dt A
057107, 0

Intheinterval Os<t £ 1s, vg(t) =1mV . Hence,

. — 1 \t — - — . —

iin(t) = 05 103 QVS(T)dT =2t(A), iy (1) = 6ijn (1) = 12t(V)
The power p(t) on the sameinterval is computed as:

p(t) = 6ijn ()~ voue (1) = (120) " (16.8° 10'3): 0.202t(W)

Intheinterval 1s<t £ 3s, vg(t) = 2mV . Hence,

lin(t) =i (1)+; ‘tv ) =2+2" 2t|t =4t- 2(A)

in in 05 10 3 QVs 1

iout (1) = 6ijn(t) = 24t- 12(A)
and

p(t) =6iin (1) " Vout (t) = (24t- 12) " (16.8" 2 10 3) =0.806t 0.403(W)
Inasimilar fashion, i, (t) and p(t) can be computed for the remaining intervals.

Thecalculationsfor i, ,(t) and the instantaneous power delivered by the dependent source, p(t), for t = Os
to 6s are summarized in the following table:

Time Interval v.(1), V v, (1), V 1o (0), A p(t), W
Os< t£1ls 1 10° 16.8" 10° 12t 0.202t
1s< t£3s 2 10° 33.6" 10° -12+24t 0.806t-0.403
3s< t£5s -2 10° -33.6" 10° 132-24t 0.806t-4.435
Bs<t£6s 0 0 12 0
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SOLUTION 7.7. For O £ t <2 s, using the inductor v-i relationship, we have

t
iin(t)= 5cy.n<r>d«: 025 [- cos(ozsm)]o——ll cos(0.25pt)] A

The associated energy stored as afunction of t for thistimeinterva is
1

W s(t) = —2 [1- cos(0.25pt)]? J
P

The energy for the second inductor remains zero over thisinterval.

For 2 s £ t, wehave
t

in(0= 050 +i025(9) =ios() +0_%5£ym<r) dr

[- cos(0.25pT)], == [1 cos(0.25pt)] - = cos(O 25pt)

8 24
=—- — c09(0.25pt) A
. S( p)

8
=5 [1- cos(0.25pt)] + 5 25

Here the current
ig5(t) = 58[1' c0s(0.25pt)] A

in which case the energy stored over theinterva [2t] is

Wos(2=505(Es(0)- 185(2) = 305650~ 53 9

Further
, 16
|0_25(t) =- B cos(0.25pt) A

inwhich case the energy stored over theinterval [2t] is

Wo.25(2.t) = %0-25(%.25(0 io, 25(2)) = 0.25i55(1) J

SOLUTION 7.8. Let the 5mH inductor be L, and the 20mH inductor be L.,.
For O £t<3ms,
t t

i 1(t) =i 1(0)+ rl Os(r)dde = 110_ = (12¢0s(500t) dtt = 4.85n(500t) MA
1o 0
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t t

iL2() =i 2(0)+ — (ys)cht = ;3 (42cos(500t )dt = 1.2sin(500t) MA
L2 g 20 10°° ;

Forts3 3ms,

I,,(t) =4.8sin(500t) mA asL, isstill subjected to the same voltage.

on the other hand,
t t

. . _ 1 N . - 1 N
iL2(®=i2(3 mS)+L— O Vi2(t)dt =i »(3 mS)+L— O Odt
3 ms 2 3" ms
=iL2(3 m9)
=1.25in(500" 3~ 10" 3) =1.197mA

For Of t < 3ms, the energies stored in the inductors are given as follows:
1 . 2 .2
W) =3 Ly[iL1 (1) =57.6sin%(500t) nJ,
1 :
Wia() =3 Lo[ii 2(9)]° = 14.4sin%(500t) nJ
For t 3 3ms, the energies stored in the inductors are given as follows:

W1 ()= —; La[ita ()]° =57.6sin%(500t) nJ,

WLZ(t) = % L2[i|_2(t)]2 =14.328 nJ

SOLUTION 7.9. Given the dielectric parameters and the dimensions of the capacitor, the capacitance of the
paper capacitor is given by

12. 0.04" 0.8

C:8r80§:3’ 8.854" 10 07 =8.5nF

SOLUTION 7.10.. Part 1. Applying the capacitor v-i relationship:
ic(t)= cgt(vc(t)) =1u” 100” 1000° (- sin(1000t)) = - 0.1sin(1000t) A

Part 2. Applying the capacitor v-i relationship:
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. d
ic(t) =C (ve(®)
10" 10”3 cog(1000t) = CEdt (sin(1000t))

10" 10° 3cos(lOOOt) =1000C cos(1000t)
Therefore, C=10nF.

SOLUTION 7.11. Applying the capacitor v-i relationship for C; and C:
. d : d :
ic1® = @F) 5 (vin®)  ic2(®) = (6mF) g (vin(9) = Jca(d),
Intheinterval -1s<t £ Os, v, (t) = 5t + 5. Hence, in thistimeinterval

ici()=2" 103 d(v(ij—q(t)) =10 %A
and

ico(t)=6" 1073 % =3 102 A
Using KCL, i,,(t) can be computed as
iin(D) = ic1() +ic2() =47 107% A
Intheinterval Os<t £ 1s,v,,(t) =5. Thus

ica(t) =ica() =0 A

Using KCL, ijp(t) = ic1(t) +ico(t) =0 A.
Inasimilar fashion i, (t), i,(t) and i,,(t) can be computed for the remaining intervals.

The calculationsfor i, (), i,(t) and i, (t) for t = -1sto 6s are summarized in the following table:

Time Interva didt (v.,(t)), Vs~ I, (t), MA I, (t), MA 1,.(f), MA
-1s<t£0s 5 10 30 40
Os<t£ls 0 0 0 0
1s<t£3s -5 -10 -30 -40
3s<t£ds 20 40 120 160
4s<t£5s 0 0 0 0
bs< t £6s -15 -30 -90 -120

Below arethe plotsof i, (t), i,(t) and i, (t).
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SOLUTION 7.12. Applying (7.6)

2 2
Ve (2) = Ve (0)+é Jc()dr = 4V +é Oyt = 5V

0
3 3

Vc(3):VC(2)+El:c\jc(T)dT :VC(2)+El:c\£dT =5V +1V =6V
2 2

Applying (7.11), the energies stored in the capacitor over theintervals[0,2] and [2,3] are given by

Wc[0,2] = —;C[vé - v2 (0)] =9uJ

Wel[2.3] = —;C[vé 3)- vé(z)] =111

SOLUTION 7.13. Part 1 Applying (7.6)
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t t

1 . -~
Ve (t) = ve1(0) +€l g)in (t)dt = 0251 gin
t

t
1 . 1
Vea(t) =ve2(0) +€2 gin(T)dT = o (())in(T)dT

(t)dt

Intheinterval Os<t £ 1s, ij,(t) = 2t. Hence, inthisinterval

1
0.25u

_ 1 ¢ _ 2t: - 10642
Ver() = 55 Qin(D) ¢ )|0 4" 10°t3(v)

and
t

_ 1 _ 1 o _n-.q6.2
Vea() = 53 Qiin()dt = g (e )|o_10 108t2(v)
Intheinterval 1s<t£ 3s, ii,(t)= 2" 10 3 (A). Thus
Vo1 ()= ver (D) +—— i @)dt =4+ —— " (27 10'31:)|t—8' 103t- 4(V)
c1l)=ve1l) * 525, QinWIT =2+ 558, 1

and

1, & 1, ... -3 . 1A3
Vea() =Vea® + 5 Qin(de =10+ 57" (27 10 1:)|1=20 10%t- 10(V)

Inasimilar fashion, v, (t) and v, (t) can be computed for the remaining intervals.

The calculationsfor v, (t) and v, (t) for t = Os to 8ms are summarized in the following table:

Time Interval 1. (D), A v, (1), V Vv, (1), V
Os<t£1ms 2t 4 10°¢? 10" 10°t
Ims<t£3ms 2 10° -4+ 8 10°t -10 + 20" 10°t
3ms<t £56ms -2 10 44 - 8 10°t 110- 20" 10°t
Sms<t £8ms 0 4 10

Below are the plots of v, (t) and v, (t).
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Part 2 Applying (7.12),
1 1
Wer () =5Cver’(® . Wea(®) =5 Cave2’(9)

The expressions for W, (t) and W, (t) for t = Omsto 8ms are listed in the following table:

Time Interval W, (1), U W, (t), mJ
Os<t£1ms 0.125" (47 10°t%)? 0.05" (10" 10°t%)?
Ims<t£3ms 0.125" (-4+8 10°t)> | 0.05" (-10+ 20" 10ty
3ms<t £5ms 0.125° (44-8 10°t)> | 0.05° (110-20" 10ty
5ms< t £8ms 0.125" (4)° 0.05" (10)

Below are the plots of W, (t) and W, (t).

.........................................

Part 3 Sincethe current i, (t) stays constant at OA after t = 5ms,

ve1(¥) =ve(9) =4V
Ve2(¥) = ve2(5) =10V

SOLUTION 7.14. Part 1 Applying (7.6),
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t t
1 N Y
Vin (1) =Vjn(0) + = Oin(r)dt = ——— Oin(t)dt
m() |n( ) COOIH( ) 05, 10-3?”‘1( )
In this part, we use the current excitation signal described in Figure P7.14b. Intheinterval Os<t £ 1s,
lin(t)=-10(mA). Thus, inthisinterval

1 N , -3
Vin() =—= Q(- 10" 10 ")dt =- 20t
(0= ——— ) %

Intheinterval 1s<t £ 2s, ij,(t) = - 5(mA). Hence, in thisinterval

1 oo, 3
Vin() =v;n()+ ——= Q(- 5" 10 “)dt =- 20+ (- 10t +10) =- 10t - 10
in () =Vin(2) 05 10_3(2( ) ( ) V)

Inasimilar fashion, v, (t) can be computed for the remaining intervals. The calculationsfor v, (t) for t = Os

1IN

to 5s are summarized in the following table:

Time Interval .. (f), mA v, (1), V
Os<t£ls -10 -20t
Is<t£2s -5 -10-10t
2<t£3s 0 -30
3s<t£ds 5 -60+10t
4s<t£5s 10 -100+20t

Below isthe plot of v, (t) vs. time.

Part 2. Inthis part, we use the current excitation signal described in Figure P7.14c. Intheinterval Os<t
£ 1s, ijp(t) =10(mA) . Thus, inthisinterval

1 PP 2
Vin () =———= (10" 10 °" t)dt =10t"(V
0= =753 Q( ) V)
Intheinterval 1s<t£ 3s, ij,(t) =10t - 20(mA) . Hence, in thisinterval

1 Jdo 3, 2 t 2
Vin () =Vin () + ———= Q10 10c - 20)dt =10+10(10c“ - 40t); =10t” - 40t +40 (V
in (Y =Vin(2) 05 103Q ( ) ( ) V)
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The calculationsfor v, (t) for t = Os to 3s are summarized in the following table:

Time Interval I,.(f), mA v, (1), V
Os<t£ls 1 10t°
1s<t£3s 10t-20 10t - 40t + 40

Below isthe plot of v, (t) vs. time.

viefd:, W

SOLUTION 7.15. Part 1 Using the capacitor v-i relationship,

iin()= Clgt(vs(t)) =20u" 6° 1500" cos(1500t) =0.18cos(1500t) A
Then, we canfind v, by applying (7.6),

1
Vout (t) = Vout (0) + 05m QZin (@ dt

m0
= 10+ 2918 nso0m
0.5m" 1500

10+ 0.48sin(1500t) V

Part 2 The instantaneous power delivered by the independent source is given by

() = 2 (1) * Vut (t) = 0.36c0s(1500t) * [10+0.48sin(15001)] W

Part 3 Applying (7.11), the energy stored in the capacitor over theinterva [O,t] isgiven by

Wiq[0,1] = —;cl ve2(t) - v2(0)| = 360sin®(1500t)L]
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SOLUTION 7.16. Part 1 From the solution of problem 7.15,

t
1 ..
Vout (1) = Vout (0) + 05m ?'in (t)dt

t
1 ... d
= Vout (0) + 05m (?2 20u o (VS(T ))d’c

t

. d
= Vour(0) + 0.080 - (vg(r))dr
0

= Vout (0) +0.08v(T)

If we assumev,,,(0) = OV, then
Vout (t) = 0.08 vg(t)

Thefollowing isaplot of v, (t) vstime.
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Part 2 The instantaneous power delivered by the dependent sourceis given by
O =Vaun (0 2in®) = (voue (0)+0.08 ve(t) * 2° 200 (vs(0)
= 40( Vgt (0) + 0.08 vg(1)) %t(vs(t)) W
If we assumev,,(0) = OV, then

) = 32vg() 2 (vs() W

The calculations for d/dt (v(t)) and p(t) for t = Os to 6ms are summarized in the following table:
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Time Interva d/dt (v(t)), Vs* p(t), W
Oms< t £1ms 2" 10° 128" t
1ms<t £3ms 27 10° 12.8° (t-2)
3ms< t £4ms 27 10° 12.8" (t-4)
dms<t £6ms 0 0

Thefollowingisaplot of p(t) vstime.
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Part 3 Theenergy stored in the 0.5-mF capacitor is given by
1
We(t)=5" 05m’ Vout2(t) =0.25( Vo (0) + 0.08 vg(1)?  mJ
If we assumev,,(0)=0V, then
2
We (1) = 16(vs()®  ud
Intheinterval Os<t£ 1ms, vg(t)=2" 103t(\/). Thus, in thisinterval
_ 2
W (t) = 6.4t7J
Intheinterval 1s<t£ 3ms, vg(t)=2" 103" (2- t)(V). Hence, inthisinterval
We(t) =64 (2- 12
Inasimilar way W(t) can be computed for the interval 3ms<t £ 4ms.

Thefollowing isaplot of W,(t) vstime.
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SOLUTION 7.17. Part 1 From the solution of problem 7.16,

Vout (1) = Vout (0) +0.08 vg(t)

If we assumev,,(0)=0V, then
Vout (t) = 0.08 vg(T)

Thefollowing isaplot of v, ,(t) vstime.
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Part 2 The instantaneous power delivered by the dependent sourceis given by.

B0 = 40( Vo (0) + 0.08 V(1) < (vs(D)  WW
If we assumev,,(0)=0V, then

d
P =32vg() 7 (vs(®)  uW
The calculations for d/dt (v(t)) and p(t) for t = Osto 6ms are summarized in the following table:
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Time Interva d/dt (v(t), Vs* p(h), W
Oms<t£1ms 2" 10° 128" t
Ims<t£2ms 0 0
2ms<t £4ms -2 10° 12.8" (t-3)
Ams<t £5ms 0 0
5ms< t £6ms 2" 10° 12.8" (t-6)
Thefollowing isaplot of p(t) vstime.
1B
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Part 3 Theenergy stored in the 0.5-mF capacitor is given by

W (t) = 0.25( Vg (0) + 0.08 vg(t))?  mJ

If we assumev,,(0) = 0V, then

We (1) = 16(vs()®  ud

Intheinterval Oms<t£ 1ms, vg(t)=2" 1O3t(\/). In thisinterval

We(t) = 6.4t2

Intheinterval Ims<t £ 2ms, v4(t) = 2(V). Inthisinterval

We(t) = 6.4(1d)

In asimilar fashion W(t) can be computed for the remaining intervals.

Thefollowing isaplot of W,(t) vstime.

© R. A. DeCarlo, P. M. Lin
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SOLUTION 7.18. Part 1 Applying the capacitor v-i relationship for the equivalent capacitor of the series
combination of 0.3 mF and 0.6 mF capacitors

t
1

5s(t)dt
03" 10906’ 1030°

Vin () =Vin(0) +

t
1 R
0" 10 ~sin(100c)dt
03" 10" o6’ 10-386

=0+

= 3- 3cos(100t) V

Therefore,
iout()= (02" 103 +08" 10 3)% (10vi(t)) = 3sin(100t)  V

Below isasketch of i ,(t) vstime.

fanitt, A

Part 2 The instantaneous power delivered by the dependent sourceis given by

(D) Zigue(t)” 10v;(t) = 90sin(100t) " [1- cos(100t)] W
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Part 3 The instantaneous energy stored in the 0.8mF capacitor is given by

W (t) = —;Cvcz(t) = —;(o.smF)[lovm(t)]2 =0.36L- cos(100t)]J

SOLUTION 7.19.

Part 1 Since Q = CV, the charge that resides on each plate of the capacitor = 10nF "~ 100V = 1mC
Part 2 SinceV = Q/C, therequired voltage = 1mC/5nF = 200V

Part 3 SinceV = Q/C, the required voltage = 50nC/1nt = 50V

Part 4 The energy required=0.5" 10nF "~ (100V)? = 0.05J

SOLUTION 7.20. When Os£ t <2s, v(t) = 25V. Conservation of charge requires that
R(2) + 5 (2) =q(2") +p27). Sinceqy(27) =0 Cit follows that

25V 150 mF = v(2)(150 mF + 100 mF)

Hence

25V 150mF +0V ~ 100mF _

+ —
ve(27) = 150mF + 100mF

15V

Thus, for t>2s, v (t) =15 V.

SOLUTION 7.21. For thissolution consider the figure below in which C; and C, are [abeled.

1= 2ms

Ry S

"
Y D Vel T C1=

-
15 mF Cy = 25 mF

There are two casesto consider: (i) t<2msand (i) t>2ms.

Casel. t <2ms. Here, sincethe current sourceiszerofort <0, and C, isuncharged at t = 0,

—

1 1" 1"
< C;)is(T)dT =vc(0) +€l?s(f)df ZQ?S(T)O'T

Ve (t) =

12 [ -sonet _
=[] =16(1- & **) v
15" 10°3" 500 0
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Notethat vc (2 ms) =1.0114 V. Hence the energy stored over [0, 2 mg] is

- 500t)2

Wey (0<t< 2mg) =00192(1- e J

and
Weo(0<t<2mg) =0

Case2. 2ms<t. Att=2msthe switch closes, forcing adiscontinuity in the capacitor voltages. To
. + . . .
calculate the capacitor voltagesat 2 ms, we use conservation of charge. Here, the relevant equation s

2t ms
012" M9 +aca(2me) =qc1(2” MY +ac(2 MY+ ) ig(t)dr

2 ms

Note that since vco(2° ms) =0, gco(2° ms) = Coveo(2 ms) =0 and the integral of the bounded
continuous function ig(t) over an infinitesmal interval is zero, this equation reduces to

Ic1(2" ms) +ac (2" me) =qcy(2” mo

or equivaently, sincefor t > 2 ms, voq(t) = veo(t) = Ve (1),

Cpvc (27 ms) + Cove (27 ms) = Cv (27 ms)

Therefore
N ] . . 15 _
Ve (28 mg) = oG, (2'm) = =5~ 10114=037927 V
and it follows that
1 1|
Ve (t)=ve (2T me) +—=—— Q)ig(t) dt =0.379 + 0 is(r)dr
G +C
2ms 2ms
- t
= 0379+ ———= [e‘ 5°°f] =0379+0.6(0.36783- & %) v
40" 103" 500 0.002

Hence the energy stored in the two capacitors over theinterval [2” ms, t] is
We (25 ms<t)= < CovB(D)- ~Cov2(2 me) J
Ceq =5Ceqvc()- 5CeqvC
whereas the instantaneous stored energy, i.e., the energy stored over (-¥ ,t > 2 ms] isgiven by
_1. 2
We, (=5 CeqWC ()

What happens between 2 ms and 2'msis beyond the scope of the material in this chapter. Please
refer to problem 51 in chapter 8 for an explanation.
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SOLUTION 7.22. Part 1 Applying the inductor v-i relationship,

d.
ve(t) = La'in(t)
=2.5mH * (- 200te 1% + 20" 1°")
= 0.05¢" 10t (- 10t +1)
Applying the capacitor v-i relationship, we have:

1t
Ve ()= (0)+ ¢ Gin(®)de

0

20 100

=— Oe T
Im 0
t
=20 103[- 0.1re” 1 _ 0,01 10‘]0
=9 103[- te” 10t g o7 10t +o.1] Y,
and
Vin () = v (1) +ve (1)
=0.05¢ 1% 10t +1)+ 2000[- te 100 017200 4 0.1]
=-2000.5" te'10t- 199.95" & 10t 4+ 200(V)

The sketches of v, (1), v.(t) and v, (t) are shown below.

nns

i I i . A0 ! ' :
QT N LN b LN ] !
: I : : 150} - - - e Ao Ao FREEE
e 003 H------ SREEEE r------ S R . :
E A . ; : :
= oo2p : e R et 1 100} -o- e A A PR
= L i £ : : :
001 fp--- - R it I : | ;
! ! ! 1] S R LN LN 3-e-
s A : i i :
03 1 0 0z 04 06 0z 1
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= 0.5t% 20t
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_1
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W (1)

Part 2 The energy stored in the inductor is given by

The sketch of W (t) vs. timeis shown below.

Part 3 The energy stored in the capacitor is given by

2
0.1 10t 4 0.1] kJ

C[vc (t)]2 = 2[- te 1Ot

_1
2

We(t)

The sketch of W(t) vstime is shown below.
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e
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SOLUTION 7.23. Applying theinductor v-i relationship we have that

v (t)= O.ZS% = 4cos(4t) (V)

Applying the capacitor v-i relationship it follows that

iC(t):O.ZSW =025 2 4° 4" [- sin(4t)] =- 8sin(4t) A

SOLUTION 7.24.

Part 1. By KCL ig(t) = icy(t) +ic2(t). Applying thev-i relationship for capacitor C, and C, we have:

ig(t) = (10mF +20mF) %tVS(t)
=30" 103" (127 - 30t%
=0.36te™™ - 0.0t%e > A
Part 2. Applying the v-i relationship for the 20mH inductor, it follows that

d .
Vour ()= (20mH) S 1125
=024 (4.5t2e' 5 _ 36te % +0.36e 5‘)
=1.08t% ' - 0.864te” 2 +0.0864e 2! (V)

Part 3 The energy stored in the 20mH inductor for t > 0 is given by
1 ) 2
WL (1) = 5 (20mH)[125(1)]

2
=1.44{0.36te ™ - 0.9t% )" J
=1.44" t%e10Y0.36- 0.91)2 J
SOLUTION 7.25. We denote by v(t) the voltage across the capacitors C, and C, and by i (t) the current

through the inductors L, and L,. The equivalent capacitance of the parallel combination of C, and C, is
(C, + C,) and thus:

50 =(C; + Cp) e

Using the v-i relationship for the capacitor C, it follows that

ico() =Cs dvgt(t)

By replacing % , it follows that
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ical) = 52" is()=5is(0)

Co
C+Cy
The equivalent inductance of the series combination of L, and L, is (L, + L) and thus:

Gic o) = (g + Lp) T

Using the v-I relationship for the inductor L, it follows that

d
Vout (1) =V o(t) = Lo—=— %Et)

By replacing ('-j( Y it follows that

Vo (0= T2 Dica() = 30ica) =6ica) = 4is()

SOLUTION 7.26. Using the v-i relationship for the capacitor we can write:

t
1 ..

vea(t) :C_2 Oic(r)dt
-y

t

vCl(t)=511 dic (@)t
¥

wherei.(t) is the current through the capacitors C, and C,. Since C, and C, are connected in series:

Vip () = Veq(t) + v, (t):aei+i¢ t‘i (t)dt
in Cl c2 gcl CzE_SC

t

&CC, 0

It follows that _SiC(T)dT :Vi”(t)8q+C25' Hence
t
1 _1. GG __G
20 =, @t =g " e vin®= g7, Yinld

Since L, and L, are combined in paralldl it follows that

- 16 d(Ave (D)
=g T 15 dt

_ L1L2 © A dVCZ(t): L1L2 © A QI. dVin(t)
Ll + L2 dt Ll + L2 QI. + C2 dt
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where the last equality follows by replacing v, (t) with %vin ®

SOLUTION 7.27. Observefirg that the 0.3H and 0.6H parallel inductances combine to make a 0.2H
inductance. Alsothe 0.4H and 1.2H parallel inductances combine to make a 0.3H inductance. Finally, the
0.2H and 0.3H inductances are combined in series and the equivalent inductance is 0.5H. Shortly, all the
above steps can bewritten as: L, = (0.3H [[ 0.6H) + (0.4H || 1.2H) = 0.5H.

SOLUTION 7.28. Observefirst that the 1mH and 5mH inductors combine to make a 6mH inductance.
Thisinductance combinesin parallel with the 3mH inductance to make a 2mH inductance. The next step
isto combine in series the 2mH inductance with the 10mH inductance. The equivaent inductanceis
12mH. Thisinductanceis combined in parallel with the 36mH inductance and the result isOmH. Finally,
the 9mH inductance is combined in series with the 4mH inductance and the result is 13mH. Shortly, all
the above steps cam bewritten as: L, = [(5mH + 1mH) || 3mH + 10mH] || 36mH + 4mH = 13mH.

SOLUTION 7.29. Step 1. The paralel combination of the 0.6mH and 1.2mH inductorsis equivalent to a
0.4mH inductor.

Step 2. The series combination of the 2.4mH and 0.4mH inductorsis equivalent to a 2.8mH inductor.
Step 3. The parald combination of the 2.8mH and 7mH inductorsis equivalent to a2mH inductor.

SOLUTION 7.30. Thethreeinductors can be arranged in the seven fashions as shown below.

e £

(€Y (b) (©)
ALY L MECCC}
(d) (e)
(f) (9)
qu = 1mH

Leq =1mH + 1mH = 2mH

Leq = 1mH || 1mH = 0.5mH

LS = ImH + ImH + ImH = 3mH

Leq = ImH + (ImH || 1mH) = 1.5mH
L&, = 1mH || (ImH + ImH) = 0.667mH
L3 = 1mH || 1ImH || ImH) = 0.333mH
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SOLUTION 7.31. ForFig. P7.31a, L, =2+ 15+ 10 + 10 + 40 +30 + 20 + 8 = 135mH

Thecircuit in Fig. P7.31b is equivaent to the following circuit.

O— TP — T
Leq—=»" 2mH 15mH

%EmH 1L‘IrnH$

The circuit in Fig. P7.31c is equivaent to the following circuit.

Therefore, Leq =2+15+ 10+ 8=35mH

2mH

diireH THmH ek
Ly
+mH A 2imH

Orni
Therefore, L, = 2 + [(15+10) || (10+40) || (20+30)] + 8 = 22.5mH

SOLUTION 7.32. When the switch is open, the circuit in Fig. P7.32 can be rearranged as the following.

Therefore, L, = 8L || 8L = 4L

When the switch is closed, the circuit in Fig. P7.32 can be rearranged as the following.

al . 4k Lag
=
=P 4 4L 45 o £
4. 4L

Therefore, L, = 4L || 4L + 4L || 4L = 4L
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SOLUTION 7.33. L , Without going into adetailed analysis, we present the following intuitive
argument. Note thate?he points a and b represent points on a balanced bridge circuit meaning that the
voltage between aand b would be zero. Therefore, no current will flow through the additional inductance
L. Therefore the presence of L does not affect the equivalent inductance value.

SOLUTION 7.34. L,>L., Without going into a detailed analysis, we present the following intuitive
argument. Note that the points aand b represent points on an unbalanced bridge circuit, meaning that the
voltage between aand b would not be zero. Also note that when two inductors are placed in paralldl, the
equivalent inductance becomes smaller than either inductance. The addition of the inductor L in circuit 2
essentidly creates an internal paralel inductance resultinginan L, lower than L,

SOLUTION 7.35. First weadd ani;, |abdl to the circuit as shown below.

+
L1
+
"Lz
From KVL and the derivative definition of the capacitor
3 . dip(® dii, (1) dii, (1)
Vin (1) =vp (D) +va(t) =Ly 'St +Lo Igt =L+ Lz)%
Equivalently,
dijn (1) _ 1 _
d (G in®
It follows that

di () L
VLk (t) = Lk I(;]t = L]_ +kL2 V|n(t)

which isthe required voltage division formula.

SOLUTION 7.36. L, = (11mH) || (19.25mH) + 3mH = 10mH. Applying the voltage division formula,

VLl(t) Vm(t) 3rn—H—60t mV

Leg
and

Vi o(1) =Vin(t) - v o(t) =140te’t mv
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SOLUTION 7.37. First consider the circuit below which contains the additional label of v;,(t).

+ i | il

1y C’D i, ) )
1 2

From KCL and theintegral definition of the inductor,

t t
in() = 12D +iL o) —icy.n(r)dr g, O

Equivdently
. & C')
¢ 1
Olin(t)dt = ¢c—— 1 'm(t)
0 ¢— +—T
el_l Lzﬂ
Therefore
t & 1 ('j aeLle ('j
1 ¢ [ Ly
i, ()=— ™ OVin@)dt = ¢ —|m(t) (;L —|m(t) fork=1,2
Ko (—+—~
ely Lo e ra

SOLUTION 7.38. Inthecircuitillustrated in Fig. 7.38,
Le = (12mH + 27mH) || (130mH) = 30mH

Applying the current division formula,

. 12+27

ILl(t) m m(t) 0231et mA
. 130 . _t2
I|_2(t) = mlin(t) =0.769 t mA

Also,

d. -2
Vin(t):|—eqat'in(t):'6ot 13%

The instantaneous energy stored in the 130-mH is given by

1 . 2 -2t2
WLl(t) = —2 Ll[ILl(t)] =0.8e nJ
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SOLUTION 7.39. Using theinductor v-i relationship,

Vin(0) = Leg giin() = 30MH * ()

The calculationsfor v, (t) for t = -2sto 7s are summarized in the following table:

© R. A. DeCarlo, P. M. Lin

Time Interval d/dt (i..(t)), mAs* v, (), mV
-25< t <=0s 100 3
Os<t<=2s -200 -6
2s<t<=3s 0 0
3s<t<=4s 200 6
4s< t <=6s 100 3
6s<t <=7s -200 -6

From the solutions to problem 7.38,

iLl(t) = 0231|m(t)
IL2(t) =0.769 i, ()

Below aretheplotsfor v, (t), i ,(t) and i ,(t).
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SOLUTION 7.40. Part 1 Using the current division formula,

i () = % i, (t)= 90c0s(300nt) mMA

Part 2
Le=1.5mH + 6mH || 18mH = 6mH

Vin () = Leq%im(t) =-0.679sin(300rt) V
Part 3 Instantaneous power delivered by the sourceis given by

p(t) =Vvijn(t) " ij,(t) = [-0.679sin(300rt)] ~ [12000s(300rt)] mwW
=-40.7sin(600rt) mwW
Below isaplot of p(t)

ik, '

SOLUTION 7.41. Part1 L, =0.3][09+04]|04=0425H
For computing i, (t) we need to apply

t
. . 1 .
iin(t) =iin (to) +L_ QVin(t)dt
eq
t
toeachinterval [0, 1], [1, 2], ..., [n, n+1], ...
Theinitid condition for theinterval [n, n+1] for nevenis:
1 n
iin(n) = i (0) +L_ OVin(t)dt
& o

We assumethat i;,(0) = 0 and it follows that i;,(n) = O for n even, since
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n

Olin(t)dt =0
0
for neven. Theinitia condition for the interval [n, n+1] for nodd is:

n

()= in(n- D+ Op(t)de =
n-1

0425(16:)|n L =376A

For theinterval [n, n+1] with n even:

t
lin(t) =iin (n) "' ! O/m(T)dT =0+

t = -
5o 16T = 37.6(t- n)A

For theinterval [n, n+1] with n odd:

t

iin(t) = iin () +Li OVin(t)dt = 37.6 + (-160)[, = 37.6(n+1- t) A
& n

0.425

For theinterval [n, n+1] with n even:

t

: : 1
lin () = iin (n) e OVin(t)dt =0+

& n

1 t _
525z (160);, = 37.6(t- M)A

Hence,
|376(t 2n),2n<t£2n+1

in®=137 60n+2- 1), 2n+1<t£ 2n+2

where nisanon-negativei nteger Below isasketch for the input current vs. t| me.

lipsits, &
2

Part 2 Thetota energy stored in the set of four inductorsis given by
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WO = Leclin ]

_1300(t- 2n)? J for 2n<t£ 2n+1
=
£300@2n+2- )23 for2n+1<t£2n+2

where n is a non-negative integer.

Below isasketch of W(t) vs. t.

Part 3 By the current division formula, the current through the 0.9H inductor is given by

. 03 .
iLogH (1) = —03+09|in(t)
_194(t- 2n) A for 2n<t£2n+1
T19.4(2n+2- ) A for2n+1<t£2n+2

where n is a non-negative integer.

Below isasketch of thei , VS time.

L SHE A

Poeemongonpk bl ndonEl o] ik
Basnsshenssmesssmmasssmmennslannsalannnnm
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SOLUTION 7.42.. @)
Step 1. The paralel combination of the 1nf and 2nt capacitancesis equivalent to a 3 capacitance.

Step 2. The series capacitors 1.5nF and 3nt combine to make a 1n capacitance.
Step 3. Findly, the 2nt capacitance is combined in parallel with the 1n capacitance that was the result of

Step 2 to make a 3nt capacitance.
Shortly, the above steps can be written as:
Cq = [(AnF + 2nF) || 1.5nF] + 2nF] = 3nF

b) Proceeding inasimilar fashion asin part a

C = 30mF + [9mF || (9mF + 18mF) || 5.4mF] = 33mF

SOLUTION 7.43. a)
Step 1. Combine the parallel capacitances of 1nf and 2nt to make a 3nf capacitance.

Step 2. Combine the series capacitances of 1.5nF and 3nt to make Inf capacitance.
Step 3. Combine the parallel capacitances of 2.5nF and 1nf (the result of Step 2) to make a 3.5nF
capacitance.
Shortly, the above steps can be written in a condensed form as:
Ce = 2.5nF + [1.5nF || (InF + 2nF) = 3.5nF
b) Proceeding inasimilar fashion asin part a

Cq = (AMF || 2 mF) + (1.2mF || 2mF || 1.5mF) + (4mF || 2.6667mF || 3.2mF || 1.6mF) = 2.1667mF

SOLUTION 7.44.
Part1 C,=(((30][60+40)[[30+40)|[30+40) || 30 + 40 = 60mF
Part 2 Thevaueof v, (t) isgiven by

t t
Vi () =i (0) + é Gin(t)dr =0 —t (RO0sIN(20t )dt = 166.7 - 166.7c0s(20t) mV
0

0.06 0

SOLUTION 7.45. When the switch is open, the circuit in figure P7.45 can be represented by the
following.

4C 180 3.2C

i
LI~
Te w]

320
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Therefore, Ceq: 6.4C

When the switch is closed, the circuit in figure P7.45 can be represented by the following.

i 160

cwo] |0 LT L

— ac |.u: 1EG| 16C

4C 16C

Therefore, C,= (4 +4) || (16+ 16) = 6.4C

SOLUTION 7.46. C,<C,, Without going into a detailed analysis, we present the following intuitive
argument. Note that the points a and b represent points on an unbalanced bridge circuit, meaning that the
voltage between a and b would not be zero. Also note that when two capacitors are placed in paralel, the
equivalent capacitance becomes bigger than either capacitance. The addition of the capacitor C in circuit 2
essentialy creates an internal parallel capacitance resultinginaC, higher than C, .

SOLUTION 7.47. Thethree capacitors can be arranged in the seven fashions as shown below.

i, T1 3
s R G gy = . 1]
{k e £

L._.] ] 1

M ot & =P _._.__1,_.11 m
e - Cag - )
{B] g_l_l_ ﬁw—}g _I_I !_l[’.ﬂ
tet o

For configuration (a), C,, =1 || 1 ]| 1 =0.3333nF
For configuration (b), C,, = 1| (1 + 1) = 0.6667nF
For configuration (c), C,, =1|[1+1 =1.5nF

For configuration (d), C,, =1+ 1+1 =3nF

For configuration (€), C,, =0+ 1+ 1 =2nF

For configuration (f), C, =11+ 0 =0.5nF

For configuration (g), C,, =1+ 0+ 0 =1nF
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SOLUTION 7.48. AsQ = CV for any capacitor, C=Q/V. The equivalent capacitance of the network is
given by

Coq=35 g5 g =01 F

SOLUTION 7.49. First consider the circuit below which contains the additional label of i, (t)
i 1)
In

=
+
Cim= v,
¥+ -
""|n|“' (-) +
EE =- I'II:;E

From KVL and the integral definition of the capacitor,
t t

Vin(9) = Ve +¥c2) = 5 Gin(6)ds %2 Jin(t)dt
0

0
Equivadently,
t
Oin(t)dt = T—1 Vin(®)
0 a- C_
Therefore,
1 01(32
1% Ce
vk (t) = C gin(T)dT = i—+_1 Vin (t) = C.L - C —— = Vin(t)
G G
Hence,
C
ve1) =1 Y0
V2l = 52 Vin)

which isthe required voltage division formula.

SOLUTION 7.50. By the voltage division formula,

6116

Vealt) = g gVin® =211- € %) v

SOLUTION 7.51. Part 1 By thevoltage divison formula,



L&C Probs, 11/15/01 P:7-38 © R. A. DeCarlo, P. M. Lin

Ver (t) = 0.05+0.15
1" 0.05+015+0.1
Veo(t) = Vi (t) - vep(t) = 3.333sin(120tt) V

Vi () = 6.667sin(120nt) V

Part 2 Let the 0.1nF capacitor be C, and the 0.15nF capacitor be C,. The energies stored in the 0.1nF
and the 0.15nF capacitors are given by

Weg[0,f] = —;Cl[vcf(t) - vei2(0)] = 2.2228in2(120u1) pJ

Weo[04] = %cz[vc (1)~ ve2(0)] =0.83338in(120nt) )

SOLUTION 7.52. Part 1 Asboth the terminals of 0.08F aretied to the voltage source v, (1),
vea(t) = vin(t) =100e %" v

By the voltage division formula,
0.06

_ . — -2t
ch(t) = —003+ 0.06Vm(t) 66.67¢e \%

Part 2 Let the 0.03-F capacitor be C,. The energy stored in the 0.03-F capacitor over the interval [O,t] is
given by

1 - 4t
Wea[04] = 5 Ca[ve22(8) - v 20)] :66.67[e i ]] J

SOLUTION 7.53. First consider the circuit below which contains the additional label of v;,(t).

T l icgl
Lt CT) il gy
_ Gy o
From KCL and the derivative definition of the capacitor
i dvn (t avi (t dv: - (t
||n(t) |C1(t)+|C2(t) C‘/l In() |n() (q_ c ) I(;L()
Equivaently,
dvin (1) 1 .
- lin (1)
dt (Cl + CZ)
It follows that
dvin(t) _  Cy

e, =Ck—y— = C+G iin(t)
which isthe required current division formula
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SOLUTION 7.54. Part 1 By the current division formula,

0.08

o o = a2t
1= 508+ 003006 (M =80 T A

| 003006 L
= () =202 A
'c2() = 505+ 0.030.06 n (U =20

Part 2 Let the 0.03-F capacitor be C,
t

1 .. _
vea(t) =ve2(0) +€2 Oc2(t)dt = 3333(1- e 2y v
0

The energy stored in the 0.03-F capacitor over the interval [0,t] is given by

We2(0.0) = %Cz Ve 2 (1) - Ve 2(0)| =1666.5(1- € %) J

SOLUTION 7.55. Part 1 By the current division formula,
. 2
ica(t) = 177 ig(t) = 20sin(250t) mA

Part 2 By the voltage division formula,

2 . .
Vout (1) = 17 " 9i.o(t) =0.12sin(250t) V

Part 3 The current in the 2mH inductor is given by
t

iLo(t) =i (0)+ Li Oout () dt =- 0.24[cos(2501) - 1] A
20
The energy stored in the 2-mH inductor is given by
W o(t) = % Lyi, 52(t) =57.6[cos(250t) - 1]* pJ

SOLUTION 7.56. Part 1 The dua network N* is shown below.
005

3505 2008 1005
ig =20A

Part 2 Since the equivalent conductance seen by 1 * is 500S, the equivalent resistance seen by | * is equal
to 0.002W.
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SOLUTION 7.57. Part 1 Thedua network N* is shown below.
LTIE

Part 2 S, =350S I*,, = 8A.

SOLUTION 7.58. First we draw the graph, given below, of the circuit in figure P7.58. We construct the
graph associated with dual network graph for N* from the graph of N. The dual network graphisgiven
by the dashed lines.

Thiscircuit and its dual have the branch characteristics given in the following table:

ORIGINAL NETWORK DUAL NETWORK
V, =40V I, =40A
V,=5001, l, =500V,
1,=21, Va =2V,
V, = 4001, l, =400V,
Vg =200 I I =200Vs

Finally replace the branches by the elements given in the table above. This produces the dual network
below.

GelHE  HRG

SOLUTION 7.59. Thedual for the circuit in figure P7.59 is shown below.
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25 88 5S 105

Thiscircuit and its dua have the branch characteristics given in the following table:

ORIGINAL NETWORK DUAL NETWORK
V, =51, ] =5v
l,=8A V, =8V
I3=6A V3=6V
V=4V I,=4 A
Vs=21s lg = NV
lg=7A Vg =7V

Now we construct the graph associated with dual network graph for N* from the graph of N. The dual
network graph is given by the dashed lines.
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The graph of the dual network then is pulled out and flipped vertically to produce the graph topology of the
dual network, N*.

¥
JIUA s
-l" " * 1 "."I.
~ 4P ~
s ¥h ! .
s T ;
i ’. :
Y : Yy
1 15
e ———— SR -

Finally replace the branches by the elements given in the table above. This produces the dual network

below.
4 A
&
R
S5
Y 25

6 vC) 7 vC)

SOLUTION 7.61. Part 1 We first redraw the circuit to eiminate branch crossing. The resultant

schematic is shown below.
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—0
Then we draw the graph, given below, of the above circuit. We construct the graph associated with dual
network graph for N* from the graph of N. The dual network graph is given by the dashed lines.

L I

The resultant dual network given by the above graph is shown below.

A

Part 2 The equivaent resistance R,,* seen by the current source in the dua circuit isequal to VR, = 1/a
W,

SOLUTION 7.62. Part 1 We first redraw the circuit to eliminate branch crossing. The resultant
schematic is shown below.
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o
at

Then we draw the graph, given below, of the above circuit. We construct the graph associated with dual
network graph for N* from the graph of N. The dual network graph is given by the dashed lines.

Part 2 If welabel the conductances in the dua network by their corresponding resistance values, we have
the circuit below.

03a
2otV
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By comparing to the original network, we concludethat R,,* = R,

Part 3 Sincethe general relationship between R, and R.* isgiven by R,= /R *. We can write
R,= UR,* =UR,

Solving the above equation, we know that R, = 1 W,

Part 4 To retain the special properties of parts (b) and (c), we require one resistance value must be a
reciprocal of the other one.

SOLUTION 7.63. Thedua network is shown below.

e -
‘in 19 (1 *

vy <}> T gl
5.2k ARG

L

SOLUTION 7.64. Theduad network is shown below.

C2 —
1mF 2mF

s L
m + Iout(t)
vg(t) (:) 2mH g v, (t) —

- av” (Y

From the answer of problem 7.55,

i,(t) = 20sin (250t) MA, and v, (t) = 0.12sin (250t) V

Therefore, v.,* (t) = 20 sin (250t) MV and iy (t) = 0.12 sin (250t) A

The energy stored in the 2mF capacitor is given by

* * * 2
WEo() = 5 Calvou®)] =5 Lit 2(0]” =57 6lcos(2500) - 117

SOLUTION 7.65. Thedua network is shown below.
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The equivalent inductance of the dual circuit (L,*) = (1+2) || 1.5+ 2.5 = 3.5nH.

SOLUTION 7.66. By voltagedivison

1
0.2 1
vy(t) = %Vs(t) =02+0a s=3%1
R 2+0.

04 02

Note that the 0.4 F resistor in parallel with the dependent voltage source has no effect on i, (t) and henceis
redundant. By the definition of a capacitor,

dva() _ 1. dve()

W(0=02=4~ 5 —q

Finally, since the last capacitor isinitialy uncharged,

t t
Sl 2tdvm 2

A sketchisgiven below.
Vot W
05T

} } +1
| Ev
02+

SOLUTION 7.67. Following the method outlined in page 269 of the text, we require
1/200

Velto)- 5 O gl 14
0

Withi,(t) = 2A, v.(0) = 20 V, it follows that
1 1
- 3 7 [——
20- 14 c 2A 200

_ C3 1.667mF _ o
Therefore, the standard capacitor value of 1.8mF should be chosen for this application.
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SOLUTION 7.68. From the relationships given in Problem 7.67, we have

dp, . d Ceep ¢ O
0= [LOLO]= o [LO]= oS - 5.0

Below isaplot of v, (t) vst.

R T T R

u ft i terma ot g Ly
ot e o— W =

TR S O BN LR [P

e irterme of Ty
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From the plot, we notice that when t=T,, the value of v, (t) changes from positive to negative. This means
that v, (t) will change sign when a car isinside the loop. Therefore, we can make a circuit to monitor the
voltage v, (t) and whenever a negative voltage is detected, the left turn signal should be initiated during the

next traffic light change.



