Chapter 10

0O _ (9%x10°)(4 uC)

1. a) @ = k2= =36x10°N/C
@  @=k (1m)>
9
W) =2 _CXOEEO 56 10 NiC
r (1 mm)

(1 mm): < (2m)=236x10% 36 x 10°=1 x 10°

, 9
2. (((‘;:k_Q:} k_Q: w:lS.Slm
r? V ‘& 72 N/C

s oo Q_1200pC
V24V

=50 uF

4. Q =CV = (0.15 uF)(120 V) = 18 uC

5. a 17| =™ | =254 mm
39.37"
v 500 mV

& =—= =19.69 V/m
d 25.4mm

25.4 mm

100
V500 mV

- ; - 0.254 mm

=0.254 mm

=1.97 kV/m

=23.53V

0 _160pC
C 6.8uF

=471 kV/m

(0.1m?)
2.54 mm
(0.1 m?)
2.54 mm

C=8.85x 10-128,3 =8.85x 107%(1) =348.43 pF

A
8. C=8.85x10" o = 8.85 x 107*%(2.5) =871.06 pF

_ 8.85x107(4)(0.15m?)

=2.66 um
2 UF a

9. C=885x 10-128,3 =d
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C 6.8nF

10. C=gCi=>g=—= =5 (mica
T ¢ 1360 pF (mica)
2
11. a C=885x 10'12(7)M =24.78 nF
0.2 mm
b. f«;:!: 80V _ 400 kv/m
d 02mm

c. Q=CV=(24.78 nF)(200 V) = 4.96 uC

1
2. a C=_(A7uF)=2354F

. C=2(4.7uF)=9.4uF
c. C=20(4.7 uF) =94 uF

1
f3)
d C= n (4.7 uF) = 25.1 uF
4
_ 8.85x10 g, A (8.85x107%)(5)(0.02 m’)
C - 6800 pF

d = 130.15 wth {1;);;1 [39'1?;)*{} {102;{”‘"5} = 5.12 mils

5.12 mité OOQV} = 25.6 kV
m

. 1200V 1l _ .
14. mica: W_IZOOV OOOV}_O'MmIIS

ped
[ /1/ [ 1m ~
1000 mils} [39-37}}(1- 6.10 um

13. d

=130.15 um

0.24 mils

200

1x10°
4400 pF

°C

15.

(22 uF)/°C = 4400 pF/°C

[AT]

- % [80°C] = 0.35 uF

16.  J=+5%, Size = 40 pF + 2 pF, 38 pF — 42 pF
17.  F=+1%, Size = 47 x 10" uF = 470 uF + 4.7 uF, 465.3 uF — 474.7 uF
18. K =+10%, Size = 18 x 10° pF = 1800 pF + 180 pF, 1620 pF — 1980 pF

19. a t=RC=(10 x 10°Q)(10 xF) = 100 ms
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20.

21.

112

=

ve=E(1l—e") =20 V(1 — e "10™)

1t = 0.632(20 V) = 12.64 V, 3t = 0.95(20 V) = 19 VV

51=0.993(20 V) =19.87 V

iC = 20 V e—t/T = 2 mAe—t/lOO ms
10 kQ

UR = Ee—t/‘t - 20 Ve—t/lOO ms

©=RC = (100 kQ)(10 uF) =15

11=1264V,3t=19V,5t=19.87V

Same as problem 21 with 5t =5 s and I, = 200 ©A

ve=E(1l-e")=20V(1-e")

= 20V w0 pA e
100 kQ

vg = Ee" =20V e

Ic

1=RC = (2.2 kQ + 3.3kQ)1 uF = (5.5 kQ)(L xF) = 5.5 ms

v =E(1 -e") =100 V(1 — e*™)

1t =63.21V,3t=95.02V, 5t =99.33V

e 100V
5.5kQ
_ 33kQ(100V) _

R: " 33kQ+22kQ
sz = 60 Ve—ff55 ms

i—ie
C RT

60 V

e"=18.18 mAe™**™
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22.

23.

24,

25.

R = 68 kQ + 22 kQ = 90 kQ
1=RC = (90 kQ)(18 pF) = 1.62 s

ve=EQ-e")=(80V-30V)1-e"

E . 50V

e = 555.56 uAe >

ic

= etz
R 90 kQ

ic(HA)
555.56

+—> 1

5t=8.1s

100 us

Ve =12 V(1 — 30100y = 12 (1 — %) = 12 V(1 - 0.607)
=12V(.393)=4.72V

V=12 V(1 — ™% = 12 (1 -e %) =12 V(1 -45.4x 10°)
=12V(999.95 x 103 =12 V

7=20ms, 57=5(20 ms) = 100 ms
r=RC R= L = 2MS
C 10 uF
Ve (20 ms) = 40 mV(1 — e ™2™y = 40 mV(1 — )

=40 mV/(1 — .368) = 40 mV(0.632) = 25.28 mV
ve=40mV(1-e =40 mV(1-45x10°) =40 mV
Q=CV = (10 uF)(40 mV) = 0.4 uC
7=RC = (1000 x 10°Q)(10 uF) = 10 x 10%s

i 1h
57=50 x 10° s/gin % =13.89 h
60,5/:| O;mﬁ]

7=RC = (4.7 KQ)(56 uF) = 263.2 ms

=2kQ

Ve = E(l— e‘t/t) =22 V(l _ e—t/263.2ms)
E -t/ _ 22V

icz—

_ e—t/263.2ms =468 mAe_t/263.2ms
R 4.7 kQ

ve(1s) =22 V(1 — e %2 = 22 V(1 - %)
=22V(1-2237%x10%=2151V
ic (15) =4.68 mAe¥2%32™ = 4,68 mA(22.37 x 107%) = 0.105 mA

Ve = 21.51 Ve 3 am

iC - 21'51 Ve—t/263.2ms - 4.58 mAe—t/2632mS

4.7kQ
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26.

114

7=RC = (3kQ + 2 kQ)(2 uF) = 10 ms
ve =30 V(1 - e710™)
s 30V e—t/lOms

IC - - 6 mA—t/lOms
5 kQ

;= ic Ry = (6 MA)(3 kQ)e ™ = 18 Ve O™

100ms: e°=454x10°
ve=30V(1-454%x10° =30V

ic =6 MA(45.4 x 10°) = 0.27 uA

v, =18V(45.4%10°) = 0.82 mV

200 ms: 77 = R,C = (2 kQ)(2 uF) =4 ms
U = 30 Ve_t/4ms

ic= _ov e V4™ = _15 mAgYms
2 kQ
Att=0: vg =icR, = (6 MA)(2 kQ)e 0™
=12 Ve—t/lO ms
Att =200 ms: v =—(15 mA)(2 kQ)e ™™
=-30 V'™
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12v

30V

27.  a.  7=RC = (120 kQ)(47 pF) = 5.64 us
Ve = 40 V(1 — e PE4s)
40V

— e—t/5.64ys =1333.33 luAe—t/5.64,uS
120 kQ

Ic

b. 7 =RC = (270 kQ)(47 pF) = 12.69 us
At57
Ve =40 V(1 -e?")
=40V(1—e°)=40V(1-6.74 x 10
=39.73V
. U = 39.73 Ve 26%s

39.73V o1/1269;s

ic = = —331 uAe V120%

270 kQ
¢ Ve (V)
- - 39.73V
]
Ve
Ol f 28.2 us ' i
A ‘c(bA) 5t~ 63.45 s ————»
33333+
1
— (l‘_.
'
'
0 28.2 us
ey 26,20 . - s
1
! 51~ 63.45 S =
stho-V”

CHAPTER 10

115



28.

29.

30.

116

7=RC = (2 mQ)(1000 uF) = 2 us

57=10 us
e Vo2V
R 2mQ

yes

ve = Vi + (Vi— Ve "
T=RC=(47KkQ)@4.7uF)=22.1ms, V;=40V, V;=6V
Ve =40V + (6 V — 40 V)e 2

Ve = 40 V — 34 Ve 2™

Initially Ve = E + ¢ =40V~ 6 V =34 V
. Ve e 34V
ic= e f=—+

_ e—t/22.1ms =723 mA e_t122.1ms
R 4.7 kQ

7=RC = (4.7kQ)(4.7 uF) =22.1ms, V; =40 V, V; = —40 V
ve = Vi + (Vi — Vye "

=40V + (-40 V — 40 V)e 21
Ve =40 V — 80 Ve V#1ms

Initially Vg = E + vc =40V — (40 V) = 80 V

V_R _ 80V e—t/22.1ms =17.02 mAe—t/ZZ.lms
R 4.7kQ

and ic =
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A
C. oG
+0V |- mm e e e o
5t =110.5ms
/ / 1 N\ >
0 t
-40V
i
C%L1702mA
// 5t =110.5 ms
/ \I AS -
0 t

3. a 7=RC=(47kQ)@4.7uF)=22.1ms,V;i=40V,V,=40V
ve = Vi + (Vi — Vye "
=40V + (40 V — 40 V)e V"
=40V +0e""
Ve =40V

b. Initially VR=E—-0vc=40V-40V=0V

and ic = Vo gtie OV (e g A
R R

C. A vc ic
40V 40V

- 0A 0A
0 t I t

32.  7=RC= (R +Ry)(C) = (1 kQ + 2.2 kQ)(180 uF) = (3.2 kQ)(180 uF) = 576 ms
UC - 20 Ve—t/576ms

V, ot _ 20V

- —t/576 _
ic e ™ = 6.25 mAeg VS7ems

"R+R 32kQ
VDR: v, = 22K2Q@OV) _ 540,
: " 22kQ+1kQ

. = 13.75 Ve U370ms
2
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33.

34.

118

e

20V 6.25 mA
i 0A |7
o — t | N’
51=2.88s 51=2.88s

ve = Vi + (Vi -V

7=RC = (820 Q)(3300 pF) = 2.71 us, V;=-20V, V;=-10V

Ve =—20V + (10 V — (—20 V))e 27

Ve =—20V + 10 Ve V27

_-(20v-10Vv) -10V _ 1o
820 Q 820 Q

ic = ir=—12.2 mAg V27

Im

a. R=10kQ+8.2kQ=182kQ

A

7=RC = (18.2 KQ)(6.8 uF) = 123.76 ms

ve = Vi + (Vi— Vye
Vi=20V +40V =60V
Vi=-8V

V=60V + (—8V — 60 V)e 227EMs
Ve =60V — 68 Ve oM
_8V+20V+40V

18.2 kQ
iC - 3.74 mAe—U12376 ms

=3.74 mA

Im

13.75V

2

V4

5t=2.88s
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35 a  Cr=20uF + 47 uF = 67 uF
7=RC = (56 kQ)(67 uF) = 3.75 s

A 18V
UC ________________

—~Y

1
5t =18.75ms

b. Ve = 18 V(l _ e—105/5.75 s)
=18 V(1 —e 2%
=18 V(1 -69.25x 107
=18 Vv(0.931)
=16.76 V

c. vc=18V(@—-¢e?)
=18 V(1 -6.74x 107
=18 V(.993)
=17.88V
Qaour = CV = (20 uF)(17.88 V) = 357.6 uC
Qu7,r = CV = (47 uF)(17.88 V) = 840.36 uC
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36.

37.

120

Network redrawn:

source conversion

A
v 321.4 pA

+| 56 kQ W2 Ss6 ke =10k == 67uF =
— 18V 10kQ =< c,=67pyF =

T =
—— =
source conversion
W
+ | 8.48 kQ +
— 2.73V T~ 67pFuc

|||-

7=RC = (8.48 kQ)(67 uF) = 568.2 ms
Uc=273V(1- o 15682 sy

vc - 2 73 V(l _ e*103/568.2 ms)
=2.73V(@1—-e "
=2.73V(1-22.72x10°)
=273V

ve=2.73V(1-e7) =273V (0.993)=2.72V
Q20.F = CV = (20 uF)(2.72 V) = 54.4 uC
Qa7 = CV = (47 uF)(2.72 V) = 127.84 uC

ve = 140 mV(1 — e M™2™) = 140 mV/(1 — e *®) = 140 mV/(1 — 0.6065)

=140 mV(0.3935) = 55.59 mV

ve = 140 mV(1 — e%) = 140 mV(1 - 45.4 x 10°°%)
=139.99 mV

100 mV = 140 mV(1 — e 2™)
0.714=1—g¥2ms
0.286 = g 2™
log. 0.286 = log, €
1.252 = —t/2 ms
t=1.252 (2ms) =2.5ms

—t/2 ms

Ve = 138 mV = 140 mV/(1 — e”2™)
0.986=1—¢"m

—14 x 103 = —¢ 2™

loge 14 x 10°° = —t/2 ms

—4.268 = —t/2 ms

t = (4.268)(2 ms) = 8.54 us

—
8.48 kQ
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38. t=RC=(33kD)(20 uF)=0.66s
ve = 12 V(1 — e %%%)
8V =12 V(1 -e %%
8V =12V —12 V(1 — e 059
_4 V - _12 Veft0.665
0333 - eft0.665
loge 0.333 =—t/0.66 s
~1.0996 = —t/0.66 s
t =1.0996(0.66 ) = 0.73 s

V]
39. t= —rlog{l— Ecj

10s= —rloge(l— ﬂ}
20V
| |
|
4
L "1
|
-916.29 x 10°°

=105 _10005s
0.916

T=RC=R=

1092 s

x
C 200 uF

40. a.  7=RC=(12KQ + 8.2 kQ)(6.8 uF) = 137.36 ms

ve=60V(1-e"
48V =60V(1-e"
08=1-¢”
02=1-¢"
loge0.2 = logee
~1.61 =t/

t=(1.61)r = (1.61)(137.36 ms) = 221.15 ms

b. ic _ Ee—t/‘r _ 60 V e—t/‘r
R 20.2 kQ

- 2.97 mAe*t/l?)??)G ms

ic(221.15 ms) = 2.97 mAg 2215 M/ ms

= =54.60 kQ

=2.97 mAe
=2.97 mA (199.89 x 107%)
=0.594 mA
C. t=2¢
ic =2.97 mAe 2" =2.97 mAe?
= 0.4 mA N
0.135

P = El = (60 V)(0.4 mA) = 24 mW

CHAPTER 10
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41, a.  vn=wvr=Ee’"=60Vel?’ =60 Ve
= 60 V/(0.3679)
=22.07V

b. iC: Ee—I/T: 60V 6—21/1 =6,uAe_2
R 10MQ
=6 uA(0.1353)

= 0.81 A

C. e =E@l-e") 7=RC = (10 MQ)(0.2 uF) = 2s
50 V=60 V(1 — e %)
0.8333=1—¢"°
log. 0.1667 = —t/2 s
t=—(25)(-1.792)
=358s

42. a.  Thevenin’s theorem:
Rn: Emn:

—Rm=8kQ |24 kQ
= 6 kQ

__ake@ov)
24 kQ + 8 kQ

7= RC = (10 kQ)(15 4F) = 0.15 s

ve=EQ1l-¢e")

i = Eve BBV voss _

R 10 kQ
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43. a.  Source conversion and combining series resistors:

E=—(4 mA)(6.8kQ)=-27.2V
Rr=6.8kQ + 1.5 kQ =8.3kQ
Vi=-272V,Vi=10V
7=RC = (8.3 kQ)(2.2 uF) = 18.26 ms
ve = Vi + (Vi— Ve "
=272V + 10V — (-27.2 V))e /1826 ms
Ve =—27.2V + 37.2 e 1B ms
r(0+) = —27.2V — (-27.2 V))e"8%EM™ = 372 v
32.7V e—t/18.26ms

- 83kQ
iC - _4.48 mAe—t/lSZB ms

Ic =
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44, a. Rm=39kQ+0Q|1.8kQ=39kQ

Em=36V
7=RC = (3.9 kQ)(18 uF) = 70.2 ms
. ve = Ve + (Vi— Ve*
18yF 12V =36V + (+12 V - 36 V)g 702
_ Ve =36V — 24 g V702ms
wr(0+) =24V -12V =24V
_ 24 V -t/70.2ms
ic= ——e
3.9kQ
ic = 6.15 mAe™7%?™
b. A (V) A ‘c(mA)
T ] I . +6.15
]
I
12 (
—] | Vi
! » | + > !
0 5t=351ms 0 5t =351 ms
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45.

Source conversion:
E = IR, = (5 MA)(0.56 kQ) = 2.8
R’ =R, + R, = 0.56 KQ + 3.9 kQ = 4.46 kQ

-
T e
RS446kn SRF88kKL +
+* A" * TN200F %
—Tz_av T“V

e

Ry = 4.46 kQ || 6.8 kQ = 2.69 kQ
4V-28V 12V

6.8kQ+4.46kQ 11.26 kQ
Ern = 4V — (0.107 mA)(6.8 kQ)
=4V -0727V
=327V

46. a.

CHAPTER 10

=0.107 mA

vec=327V(@1-e")
7= RC = (2.69 kQ)(20 uF)
=53.80 ms
Ve = 3.27 V(1 - ¢80

2.69kQ
= 1.22 mA g /%M

Ic

7=RC = (6.8 kQ)(39 uF) = 265.2 ms
ve = Vi + (Vi— Ve "

=20V + (-8 V — (=20 V))e ¥%2m
Ve = =20V + 12 Vg ¥252ms
wRO+)=+8V-20V=-12V

12V —-1/265.2ms

" 6.8KkQ
ic = —1.76 mAg V252 ms

Ic =
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47. a.

7=RpC = (1.67 MQ)(L uF) = 1.67 s

H E —t/T
Ic= —e
TR
— 20V 8—1/1.675
1.67 MQ
0.25 - e—t/l.675

loge 0.25 = —t/1.67 s
t=—(1.67 s)(-1.39)
=2.32s

C. Umeter = Uc

Uc = ETh(l — e‘t/’)

10V =20 V(1 — e %79
0.5 - 1 _ e—t/l.675

_0.5 - _e—U1.67S

log. 0.5 =-1/1.67 s
t =—(1.67 s)(-0.69)
=1.15s

126

R = 2 MQ || 10 MQ = 1.67 MQ
10 MQ(24 V)

10MQ+2MQ
Uc = ETh(l — e‘”f)
=20 V(1 -e*")
=20V(1-e™
=20 V(1 -0.0183)
=19.63V

Em= =20V
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Av,

48. i =C
) 20V
0—1ms: |c:2><10-6u=40mA
) \RY
1-—3ms: |c=2x10‘6u=OmA
1 ms
) 10V
356ms: ic=-2x 10-6( ) - =—6.67 mA
3 ms
i 10V
6— 12 ms: |C=—2><10‘ ( ) -3.33 mA
6 ms
ic(MA)
80
60
40
40
20
0 1 2 5 —s 3 7
-20 -6.67
=40
-60
-80
I CL
) 5
0—>20us: ic=—47u F( )——1.18A
20 us
10V
20 — 30 us: |C_47#F( )—4.7A
10 us
) 10V
30 > 60 us: ic=—4.7u F( ) - -157 A
30 us
oV
60 — 70 us: |C_47ﬂ|:( ) - =0A
10 ws
10V
70 — 80 us: |C_47#F( )—4.7A
10 us
) 5
80 us — 100 us: ic = —4.7 Féo V) . =-1.175 A

CHAPTER 10

9 10 11
-3.33

12

=

t (ms)
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50.

51.

52.

128

ic(A)

10 1

.| V4

0A

4.7

S

t (ms)

10 2 3 40 50 €

-1.18A -1.57

. Av,
Ic = C Atc

= Ave = %(ic)

0—4ms: ic=0mA Av.=0V
4 6ms: ic=—40mA Ap= 1)
20 uF

6> 16 ms: ic=+40mA Ap, = LomS
20 uF

16 —» 20 ms: ic =-80 mA Av.=

_ (4 ms)

20 us

20> 25ms: ic=0mA Av.=0V

6 uF +4 uF =10 uF, 8 uF + 12 uF = 20 uF
10 uF || 20 uF = 6.67 uF

Cr =6 uF||12 uF =4 uF

C; = Cp+ 12 uF =4 uF + 12 uF = 16 uF
6 uF || 6 uF =3 uF

3 uF ||16 uF = 2.53 uF

Cr=253 uF

-1.175

(-40 MA) = =4V

) (40 mA) = +20 V

(-80 mMA) = —16 V

ov
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53. 10 uF || 100 uF = 9.09 uF
20 uF +9.09 uF = 29.09 uF
Qr = CrE = (29.09 4F)(20 V) = 581.8 uC
Qaor = CV = (20 4F)(20 V) = 400 uC
Vzom: =20V
QL = CLE = (9.09 4F)(20 V) = 181.8 4C

Qr = Quour = Quo0,r = 181.8 uC

Vigur = % - —1812'8 /éc =18.18V
u
181.8 uC
Vioou = % = oy or :F =1.818 V

54. 360 uF + 200 uF = 560 uF
470 uF || 560 uF = 255.53 uF
Qr = Qs = C1E = (255.53uF)(56 V) = 14.5 mC
_Q, 145mC
C, 470 uF
Vi=V,=E-V;=56V-304V =256V
Q1 = ViCy = (25.6 V)(360 uF) = 9.2 mC
Q, = V,C, = (25.6 V)(200 uF) = 5.1 mC

3 =304V

55. steady state — ignore 10 kQ resistor

330 uF + 120 uF = 450 uF

Cr =220 uF || 450 uF = 147.76 uF

Qr = Qy = CrE = (147.76 uF)(20 V) = 2.96 mC
_Q  296mC

C, 220 uF

V3=V, =E-V; =20V —-1345V =6.55V
Q, = C,V, = (330 uF)(6.55 V) = 2.16 mC
Qs = CaV5 = (120 uF)(6.55 V) = 0.786 mC

1 =13.45V

4kQ(48 V)
56. Vgo= — 2 =32V =V
T 4kQ+2kQ 008

Qo.08.r = (0.08 uF)(32 V) = 2.56 uC
Voosr =48V
Qooaur = (0.04 uF)(48 V) = 1.92 uC

1 1
57. W= ECV2 = (120 pF)(12 V)? = 8,640 pJ

2
58. W= 2Q_c = Q= V2CW =/2(6 uF)(1200J) =0.12C

(220 kQ +3.3 kQ)(12 V)

22kQ+3.3kQ+1.2kQ
(3.3kQ)(12V)

22kQ+3.3kQ+1.2kQ

59. a. VZOO,uF = =985V

=591V

V].OO,uF =
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60.

130

Waogue = %(200 1F)(9.85 V)? =970 mJ
Wiggue = %(100 uF)(5.91V)*=1.75mJ
We = %CVZ = % (1000 xF)(100 V)* =5 pJ
Q =CV = (1000 xF)(100 V) =0.1C

| = Q/t = 0.1 C/(1/2000) = 200 A

P = Vala = W/t = 5 J(1/2000 s) = 10,000 W

t=Q/1=01C/10mA=10s
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