d
P6.13 [a] i = C= = (5 x 107)[500¢(~2500)e~>"" 4 500e~ "

= 2.5 x 107%e72%%(1 — 2500t) A
[b] v(100 ) = 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(100u) = 38.94mV

1 1
w = §Cv2 = 5(5 x 1079)(38.94 x 107)* = 3.79nJ

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

dv
dt
Umax = 500(0.4 x 107%)%e™! = 73.58 mV

= 0 when (1 —2500t) =0 or t = 0.4ms

max

1
Prmax = §Cv2 = 13.53nJ

P614 [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] i:Cj—:

= 0 t<0

1 = 2mA 0<t<2s

1 = —2mA 2<t<6s

i = 2mA 6 <t<8s

1 = 0 8s <t



[c]

P = vl

SIS T S T ~ B ~
I

0
10¢)(0.002) = 0.02t W

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

(
(

(
0

w:/pdx

p (W)
0.04 -
0.03 -
0.02 -

001 -

0
t

t
/ (0.022) dz = 0.012 | = 0.01¢2
0

0

t
/ (0.022 — 0.08) d: + 0.04
2

t

(0.0122 — 0.08x) | +0.04
2

0.01£% — 0.08¢ + 0.16 J

t
/ (0.022 — 0.16) dz + 0.04
6

t

(0.0122 — 0.162) | + 0.04
6

0.01¢? — 0.16t + 0.64 J

t<0

0<t<2s
2<t <68
6 <t<8s

8s <t

t<0

0<t<?2s

2<t<6s

6<t<8s

8s <t

-0.01 ~
-0.02 -
003 -

-0.04 -




P6.16 ic = C(dv/dt)
0<t<2s: ic =100 x 107(15)t> = 1.5 x 107%* A

2<t<ds: ic =100 x 1077(=15)(t —4)* = —1.5 x 107°(t — 4)? A



t(s)




1 500x10~6
P619 [a] v = 7/ 50 x 1032000 gt _ 90
0.5 % 106/ o

500x10~6
—20

6_2000t

—2000

= 100 x 10®

0

= 50(1 —e!)—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



11 1 1
P 6.27 I I
TR YT

Cy=4+16 =20nF

+
40V 5 20nF

- 20V+

30nF

1 1 1 1

C, 2030 12
O, =12 48 =20nF

Cl =16nF

03 = 12nF



20nF
a &—t
- 40V +

+
a0V 20nF

+ 5V —
L e—t
10nF

1 1 1 1 1

— =4 =4+ = = Cs =5nF

G, 2020 10 5 Pl

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

1 1 1 1

b] — — == . Coq=6uF 24 + 6 = 30 uF
bl 5+ 5436 a = OH + p
J6UF
—”_ —

+ 5V - —
2V =18 uF SV T GUF 24uF = 5V = (6 UF Z0UF = 5v
vion Sy A > \

+ 8V -

S— +

12 UF
25 +5 = 30 uF

ZOUF = lDV]Euu.F 9 llil‘-.r’——Elilu.F

11
4o p =2 - —10u4F
30+30+30 30 a H

+

SV=30UF —a 25V T 10UF

— 20 4+
— —
SZ0UFE

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



P 722 Fort<O:
10k(]

20ma (1 220k Z A0k v{07)

V, = (20,000(/60,000)(20 x 107%) = 300V



Fort > 0:
10kf}

z20k0) 260k v {t) = 40nF

Req = 10,000 + (20,0001|60,000) = 25k
T = ReqC' = (25,000)(40 x 107?) = 1 ms

v(t) = Ve /T =300e7 1%V >0



P7.25 [a] vi(07) = vy (07) = (0.006)(5000) = 30V 02(07) =0
Cq = (30)(40)/90 = 20 pF

2.5kE)
+ Wi ,
— i
204F T 30V

1
7= (2.5 % 10*)(20 x 107%) = 50ms; — =20
: 30 oo —20¢ +
= =12 A t>0
7 25006 (& maA, =
2.5k
5w
£ —=i o+
30UF T v, v, TDMF

V1 =

_ t
= 16 / 12 x 1072207 dx 4 30 = 20e 2% + 10V,
- 0



1

Y2750 x 106

t
/ 12 % 1073 2% 4y 40 = —10e~2% + 10V, ¢ >0
0

[b] w(0) = %(30 x 107%)(30)? = 13.5mJ

1 1
[c] Wirapped = 5(30 x 1079)(10)? + 5(60 x 107%)(10)? = 4.5mJ.

The energy dissipated by the 2.5 k2 resistor is equal to the energy
dissipated by the two capacitors; it is easier to calculate the energy
dissipated by the capacitors:

1
Waiss = 5(20 x 107%)(30)? = 9mJ.
Check:  Wirapped + Waiss = 4.5 +9 = 13.5mJ; w(0) = 13.5mJ.

P7.26 [a] t<O0:
1.8k

120v(; v {0y £12k00 £ 63kQ

[n)

Req = 12K||8k = 10.2kQ
10,200

J(0) = ———2  (L190) = —102
vo(0) = 15200 3 1800 12Y) 02V
t > 0:

+ +

-102V F{10/3)4F v = 12k0)

1
7 =[(10/3) x 107%)(12,000) = 40ms;  — =25

Vo = —102e" PV, t>0

2

v
__ Y% _ 10350t
12,000 867 x 1077e™" W

p

12x10~3
Wiies = / 867 x 10 3¢50
0

= 17.34 x 1073(1 — ¢~ 20021079y — 7894 ;]



[b] w(0) = <1> (?) (102)* x 107% = 17.34mJ

5
0.75w(0) = 13mJ
to
/ 867 x 103507 gy — 13 x 103
0

1 — =30t — .75; eV = 4. so t,=27.73ms



P 731 [a]

20k}

Ry

(ir+ocv&)
lT lT
S BAN
+

oV, +
V. v, 5k

vp =20 x 10*(ir + ava) + 5 x 10%ip



7-30 CHAPTER 7. Response of First-Order RL and RC' Circuits

va = 5 x 10%ip

vp = 25 x 10%p 4+ 20 x 103a(5 x 10%i7)
Ry, = 25,000 4 100 x 10%«

7= RpnC =40 x 107 = Ry, (0.8 x 1079)

R = 50kQ = 25,000 + 100 x 10%«

25,000

= 925%x107%A
O =00 x 108~ 2P X 10TAN

[b] v,(0) = (=5 x 107%)(3600) = —18V ~ t <0
t > 0:

20k 1)
W,
+ ov,  +
0.8LF T v, v, = Skil
VA VA — U, 4
2.5 x 104 0s = 0
5000 ~ 20000 o A

4up + VA — Uy + Dupa =0

Vo _
va =15 = —1.8¢7 'V, t>0"



P 7.34 [a] The equivalent circuit for ¢t > 0:

i
]

+ CEq=D.2|.LF

10V 4
CEEI VD é e

+

E =10k}
eq

T = 2ms; 1/7 =500
v = 10V, t>0

io = e " mA t>0"

Y

16
inakq = ¢ (E) = 0.4e7" mA, t>0"

Poaxa = (0.16 x 107%e7199%)(24,000) = 3.84¢ 19 mW

Wagko = / 3.84 x 1072710 gt = —3.84 x 107%(0 — 1) = 3.84 uJ
0

1 1
w(0) = 5(0.25 x 1079)(40)* + 5(1 x 1079)(50)* = 1.45mJ

3.84 x 1076
% diss (24kQ) = 145§710_3 x 100 = 0.26%

[b] paoon = 400(1 x 1073750012 = .4 x 10731000

Wa000 = /0 Paoo dt = 0.40 p1J

. 0.4 x 1076
. —500t 24 —500t +
l1gka = € 10 = 0.6e mA, t>0

preke = (0.6 x 1072 7°°%)2(16,000) = 5.76 x 10721 W
Wiekn = / 5.76 x 10737190 gt — 5.76 1
0

% diss (16kQ2) = 0.4%



[c] 3 waiss = 3.84 4 5.76 + 0.4 = 10 ]

Werapped = W(0) — Y " waiss = 1.45 x 107 — 10 x 107% = 1.44mJ

1.44
% trapped = e~ 100 = 99.31%

Check: 0.26 +0.03 + 0.4 +99.31 = 100%



P 7.53 [a] Use voltage division to find the initial value of the voltage:

9k
9k + 3k
[b] Use Ohm’s law to find the final value of voltage:

v.(00) = vgor = —(1.5 x 107)(40 x 10*) = —60V

0e(07) = vgy, = (120) =90V

[c] Find the Thévenin equivalent with respect to the terminals of the
capacitor:

Vin = —60V, Ry, =10k +40k = 50kQ
T =RmC =1ms = 1000 s
[d] ve = ve(00) + [16(07) = ve(00) e /"
= —60 + (90 4 60)e 1% = —60 4 150e 1"Vt >0

We want v, = —60 + 150e 1000t — ();
In(150,/60)
1000

Therefore t = = 916.3 us



P 760 Fort>0
Vi = (—25)(16,000)7;, = —400 x 10%,

. 33,000
1y —
80,000

(120 x 107%) = 49.5 uA

Vi = —400 x 10*(49.5 x 107%) = —19.8V

Ry, = 16kQ
16k 0
Ay
+
19.8v{0) 0.25UF T v_

vo(00) = —19.8V; v,(07) =0
7 = (16,000)(0.25 x 107%) = 4 ms; 1/7 = 250

Vo = _198 + 19-86_250t v) " 2 0
1
w(t) = 5(0.25 X 10_6)1}3 — w(oo)(1 — 6—250t)2 3

_ 0.36w(o0)

(1—e*™) e

= 0.36

1—e 2% =06

e % —04 . t=367ms



P7.65 [a] t<0

Lih,
2.2k0 .
L (40} {0.8)
40v(? 020 T 5 ayoay - 32V
+
0.8uF T (40 (0.2} _
(0.z+0.8) oY
t>0
.25k
i
+ + o
D_lﬁwzquv v, (yeov

0,(07) = v,(07) =40V
vo(00) =80V
7= (0.16 x 1079)(6.25 x 10%) = 1 ms; 1/7 = 1000

v, = 80 — 40e 100 V| t>0

dv,
[b] iy = —CT2% = —0.16 x 1075[40,000¢~100]

dt
= —6.4¢ 10 mA; t>0"
1 ¢
[C] V1 = W/O —64 X 10736710001 d.r + 32

= 64 — 32¢ 10000y t>0



_ t
[d] ve = ! / —6.4 x 1072710007 gy 4 8

0.8 x 10-6 Jo
= 16 — 8e 1000ty t>0

1 1
[€] Wirapped = 5(0.2 x 1079)(64)% + §(0.8 x 1079)(16)* = 512 uJ.





