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6.1 A 6-pF capacitor was charged to 12 V. Find the charge
accumulated in the capacitor.

SOLUTION:

Q=CV = (pyio- Y (1) F(&}—: 7@
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6.2 A capacitor has an accumulated charge of 600 wC with
5 V across it. What is the value of capacitance?

SOLUTION:

C = (X)/\; = (900;1@""’ I O o= !ZBL’IZ ‘

A
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6.3 An uncharged 100-wF capacitor is charged by a constant
current of 1 mA. Find the voltage across the capacitor
after4s. ©8 |

SOLUTION:
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6.4 A 10-wF capacitor is charged by a constant current
source, and its voltage is increased to 2 V in 5 s. Find the
value of the constant current source.

SOLUTION:

U:"C}jg’ -(,blb Z’_m h‘/k
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6.5 A 50-uF capacitor initially charged to —12 V is charged
by a constant current of 2.5 pA. Find the voltage across
the capacitor after 3 min.

SOLUTION:
7‘ .
v :on*é‘f U AL V= — 12V = /§e S Z=2,

V= "3V
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6.6 The energy that is stored in a 25-F capacitor is
w(t) = 12sin*377¢ J. Find the current in the capacitor.

cs
SOLUTION:
2 N
wit)= Lcuce) vmlj/gmm
d (e
Vet = € duiat—= A\ 2¢ w ) 7= V24 1 coq ot

At

2CV= 9.23 cteowt A )= X777 W/JJ
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6.7 The voltage across a 150-pF capacitor is given by the
expression v(z) = 60 sin377¢ V. Find (a) the current in
the capacitor and (b) the expression for the energy stored
in the element.

SOLUTION:

C3) (= CAU/gg - COC o em ot (Z'G){S. 39wzt A }

SECTURE Ty (2D d0sinit wr ]
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6.8 The voltage across a 12-wF capacitor is shown in
Fig. P6.8. Compute the waveform for the current in the

capacitor.

(1) (V) 4

Bosr
s

0 10 20 30 40

Figure P6.8
SOLUTION:
/= zZoms tr= doms 1= ¢ du/at
< <o Vit) =0 V 1=o0
o<t <4 V() = 5ot V 1= tmh
4 <t 4y V)= Zo-500tV L =-Lmh
t> iz ViH= o 7 =p
0 Z <o

bmA oLt <4y
- bmA {/f”é X3
o) t >ty

\t

7 (%)
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6.9 The current in a 100-pF capacitor is shown in Fig. P6.9.
Determine the waveform for the VOltng across the
capacitor if it is initially uncharged.

i(t) (mA) &
10
e o
0 1 2 / ( ms)
Figure P6.9

SOLUTION:

4 = Zms V= //cféfl/('f

é<o Z.:D = 0
bf{fC’L’/ Lﬂ”—/om/\’ v o= /oo'é 1
O v + <0
v ) = (oot v o<t <2

02V Tt 2¢,
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6.10 The voltage across a 50-wF capacitor is shown in
Fig. P6.10. Compute the waveform for the current in the

capacitor.
v(1) (V) 4
12
0 2 4 6 ¢ (ms)
Figure P6.10
SOLUTION:
ty=2ms by o= dms = s L= ¢ dusat
t <o v =o 70
Ofé<‘é/ V= booo T L= JoomA
t=t <t v=12 V=5
<t V=34-tosst 7> -Foom A
t ng =0 L =o
O 4+ <o
’ 30omA o<t <,
\ (,‘P) = O flét('{fL
-300 A tact <y

0 ~ ﬁ"?‘f‘g

s
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6.17 The voltage across a 25-wF capacitor is shown in

Fig. P6.11. Determine the current waveform.

v(t) (V) §

20

__..:20 o W omm o mmn mne wen wes e mme e ket e s e mes AR g

Figure P6.11

SOLUTION:

%’ =2 0.2mpS A2 = 0-Ydms LL_;?:ngA i’%= /mA

—A<o T =0 120 .
o £t <4 = oSt 7= 2. SA
Estet, V=20 Lo
Let <ty U= bo-loSE = -2.SA
<t <ty V=0 (=0

Yt <ty V=-120400° ¢ L= Z-SR

0 + <o
z-S o<tety
1eh= ¢ 0 f{i<t <tz
-1.< &‘L§f<f}
o fret<ty
-5 byt <ts

O Fzt¢

e lams 1= CAr At
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6.12 The voltage across a 2-F capacitor is given by the
wavetorm in Fig. P6.12. Find the waveform for the
current in the capacitor.

ve(t) (V)

+12

t(s)

-12
Figure P6.12
SOLUTION: .
/é—/':: 720S %Z: 308 t3 = S0s L= c dv/axt
4 < o0 =0 1'=o
0 <4 <ty V=06tV I'=1.2A

tietets  Vegozgt (= -dSA
&t <ts Vs -307+ 6t L= l-24
+ > 13 =0

=0
o <o
_ L2 A Ot <y
Ly~ -4 A ettty
!?/A; CLZ,(ZL<t3
O

tots
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6. ”%Z% The voltage across a 2-pF capacitor is given by the wave-
form in Fig. P6.13. Compute the current waveform. €%

(1) (V)

2
l

Figure P6.13
SOLUTION: .
t; = 2ms £y = T ’ég =lms V= ¢ dr /At
t <o U= L~o
o<t <Y VE-lpont 2= —lzmA
fet<t;  ye-12 o
Lt <ts U=-29 1dpgat 7= Emh
?f>é3 VY=o (o o
O ZLc'o
i 'AZ m/'} Oéf‘l‘:/
72 () = o <t <ty
Im A ’(:z,‘ﬁ{' <&z
[ O t >tz
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8.14 Draw the waveform for the current in a 24-p.F capacitor
when the capacitor voltage is as described in Fig. P6.14.

v(t) (V) )

Figure P6.14

SOLUTION:
t, = b ops t; = /603

t<o V=0
D<t<ty Ve loSt
bt =ty V=21-2.5%0
4, <4 <3 V= -324 104y
3y
’{‘Z'ég V=0
o)
Z- YA
1GH) = -~2.4A
- GA
O

43 = @3”5 U'= cdvaet

1~ 0
(= 2. dA

St 17 ~GA

7= 4. (A

7=5

t<o
De t <t
t, <t <ty
boet<ts

7tz
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8.13 Draw the waveform for the current in a 3-pF capacitor
when the voltage across the capacitor is given in
Fig. P6.15. ©35

(1) (V)

4 =

e

-1

Figure P6.15

 SOLUTION: 4, -

1~ ¢ dvit
t<o advit = o
o<t<-ty N (4“’D>/—61 = Zxto® o t<p
LA o<t <%
é/ <teds A/ N = G te-t) =-10® —3A 4, <tets
=4 6 Het<t;
{Zé# ts AV/at= D “G.SA tret<ty
3A ty gt <t
t.&t <ty AVt~ (1 D4~ 1) = ~1.Sx10 " 0 €t

betede bY/ab=s U/ (dety) . 106
t 2ty NCAF =0




6.15

bbbt fd

0 O < NN O

(v) @

10

t (us)
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6.16 The voltage across a 10-wF capacitor is given by the
waveform in Fig. P6.16. Plot the waveform for the
capacitor current.

v(t) (V)

12

0
LN
Figure P6.16
SOLUTION:
= Cdv/yx V= 12 $&n wi W=z2r T= loms = 1y=2Zoow (/s

=

2= 754 Coe wt mA W= Zeorm Vs




6.16

i) (A)

100

t (ms)

8 10
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6.17 The waveform for the current in a 50-wF capacitor is
shown in Fig. P6.17. Determine the waveform for the

capacitor voltage.

i(£) (mA)

10 |-

.

T
I
Sisd I I I

0 10 20 30 40

t (ms)

Figure P6.17
SOLUTION: i‘, = Yo ms Y= 'é‘f St 'Wo
4+ <o 7 (+) =o T= o
oct <4  iUt=o2ct V= st ”
t 2t 1) =0 U= 256D (4—0)((0‘3)7'%0 = Y4V
° 7 <o
v =8 2sad £ v ot <ty

4v Tt
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6.18 The waveform for the current in a 100-.F initially
uncharged capacitor is shown in Fig. P6.18. Determine
the waveform for the capacitor’s voltage.

0) (mA)
10 =

01 2 3 4 5 f(mg)

Figure P6.18

SOLUTION:
v =T i et = ot nak

T () <lomA U = et 4, (Y- juihal yntdg, )

O \J 4 <o
loot Vv o<t =zlms
0.1 v s €t < 7ms
—ol #1400 t V) Zms €t < 35
V, () = 0.2V 205 €4 £ Yhs

_ozrimt ¥ Grs €4 < Spmx
o3V t 2K p
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6.16

The waveform for the current in a 50-wF initially

uncharged capacitor is shown in Fig. P6.19. Determine
the waveform for the capacitor’s voltage.

e

i(1) (mA)

0
ot
20 130 40 50 Z(ms)
—-10
Figure P6.19
SOLUTION:
v, ) - ifﬁ (4] At
%r (= jomA V. ()= Zoot +0, Vo = initicd pllpe e
L‘ —lopa ik ’“C(f‘): ”Zc»o'lj + \}o
o) \ +t<o
Zoot \Y o 24 <ioms
4-200t N loswEt 2 Zpps
Vet =4 -4 t2ppt V Zons << 30n3
J-z200t V Zopsl tE Yons
“}+lopt V Yoms < 4 & SOy
D \Y

+ 7 So03
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8.20 If ve(r = 28) = 10 V in the circuit in Fig. P6.20, find

the energy stored in the capacitor and the power supplied
by the source atr = 6 s.

b
A T
0.5F +
30 % 6 Q) % Vgtt)
e
Figure P6.20
SOLUTION:
t, :
N, L{rz\=ZL§‘iLL@AJt +V, 4-25 tr=ts  y, -loV
i

[

b

- L) = Al &
C(..Eﬂz: 'LZ*/(’,VC/L%L) - Tuo,;({

v, (k) = [ (k) [3//@}: 2(2) = 4V

Us (ko) = Ve (v +Je ()= 30V

?c; L'EZ\)*: Ve ch) ':S (’ézj - 2o (7_} = M§
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6.21 The current in an inductor changes from 0 to 200 mA in
4 ms and induces a voltage of 100 mV. What is the value
of the inductor?

SOLUTION:

VosLdiyy LT AT = 2ppmA At =dms V= ogy
At

L= ( At Fm
M: —
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6.22 The current in a 100-mH inductor is i(¢) = 2sin377¢ A.
“Find (a) the voltage across the inductor and (b) the
expression for the energy stored in the element. ©%

SOLUTION:

3) VE L‘u/diﬁ = 00 ()(371) (e 377L

&V(f)’ 15.4 (eg 377t \/]\
)

L>> wlt)= 4; L 1(4) W)= p2 54}%23’77%: J
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6.23 If the current i(z) = 1.5¢ A flows through a 2-H inductor,
find the energy stored at t = 2s.

SOLUTION:

. L.
W N = iZ: L L&

w@ = (22 [1s 2] ( w(ﬂi:rj
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6.24 The current in a 25-mH inductor is given by the expressions

i(t) =0

i(f) = 10(1 — ¢")mA

<0

t >0

Find (a) the voltage across the inductor and (b) the
expression for the energy stored in it.

SOLUTION:

A :L&;/M

LY )= L L iw”

o T t <o
w L) =
;.zﬁ(f—e”t);"j >0
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6.25 Given the data in the previous problem, find the voltage
across the inductor and the energy stored in it after 1 s.

SOLUTION:
) = -t v t>
- i <
v 750 e Vs

o (£) = \rlg(lwd'”t)z/w’f' Ese

'\7(‘) = 42.»OJNV

w) = QSo/uT
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6.26 The current in a 10-mH inductor is shown in Fig. P6.26.
Determine the waveform for the voltage across the
inductor.

{ ol

i(1) (mA)

2

Figure P6.26

SOLUTION:

V= Laf /At

' |z xio"?
ffw 05654‘”5) da/gt = ~ 4){:()“3? ~3 Als

/7Lf hs <t=lns ) Uit = +/ZX/0W3/‘ZXPOMS FrCAls

o Y 4+ < o
- 3omV 0 <4< 4ns
V= t LomV fms <4+ < (s

O v t > Lms
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6.27 The current in a 50-mH inductor is given in Fig. P6.27.
Sketch the inductor voltage. €8S

i(t) (mA) §

100

0]
—100
Figure P6.27
SOLUTION:
. 50 Als 4 Pohvern 2 tdms a8 H loms
V= Ladldt e = t S0 Als 4 betwsn dns b & ms.
vy )
A
Z.5'

- 2‘5 o




458 Irwin, Basic Engineering Circuit Analysis, 8/E

} The current in a 50-mH inductor is sh()wn m Fm P6.28.
- Find the voltage across the inductor.

i(t) (mA) 4

+10

—20
Figure P6.28
SOLUTION:
U= Lyi/dt
-1 Ak t betoegm O h Zoms
di/qt= [.5 A< t betuen zZoms b Homs
-1 Als 4 befuwn~ boms o Toma
O otheraisc
o Vv t <o
- 50 m\V o <+t £2oms
T 7S my Zoms £+ = doms
’UUT\ = OV foms <22 Loms
- 5om\/ Goms <=1 = Toms
OV

> JonA
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6.29 Draw the waveform for the voltage across a 24-mH
- inductor when the inductor current is given by the
waveform shown in Fig. P6.29.

(1) (A) 4
8

—2
Figure P6.29
SOLUTION:
3 Al D=tz 035
V= Ldl/dt difit= - 2o A4 0.3¢ 4+ 2 pbs
50 AL 0.9<24+= (.5
&) othrisice
O + <o
320 mV O <t 2p.3s
N - dgomy 0.3c4t = 0.45
O b.b<t =p5s
1200 mV 09<t = |.]s
0 +t > |.ls




6.29

t) (mV)

A

1500

1250 |
1000 |
750 |
500 |

250 |-

250 |
500 |
750

0.2

i(s)

0.6
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30 The current in a 24-mH inductor is given by the
waveform in Fig. P6.30. Find the waveform for the
voltage across the inductor.

() (A)

Figure P6.30
SOLUTION:
-lzxi03 Ak 6 £4 < Zms
V=L dislt di _ Hzxie® Als Zms < t= Sms
A ~12 X10% A s <42 || ms

F12X16> A/ HUms<T =i 2ms

0 V4 4+ =0
288V O<t <Zms
+288 U Zms<t < 5ms

VLA = oV Sms < tZ9mg
-89 V Gms < = 1l mg
+2%% \V Jims < £ £ [2mX

S, £ 7 Iopn
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6.31 The current in a 4-mH inductor is given by the
wavetorm in Fig. P6.31. Plot the voltage across the
inductor.

i(1) (mA) 4

0.12

Figure P6.31
SOLUTION:
L.,L’ty = - 120 Sin (ét)t)/u,ﬁ N“—élr T= Ims = = lovor ris
| T
- “‘JZOS’M(ZOOoﬁ‘i')/A V)= L dv -3 0z coolzooomt) mV

At
Y (M)

ﬁ /N

o ' / 4 {;st}
b5 \1’

..3 N




6.31

AN

fedendesbidddebododadoddondodanl ../

432104%34
(Aw) WA

0.75

0.5

0.25

Lk o

t (ms)
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6.32 The voltage across a 2-H inductor is given by the
~ waveform shown in Fig. P6.32. Find the waveform for
the current in the inductor.

o(1) (V)

5 fo o

¢ ol
[ (s
s (s)
Figure P6.32
SOLUTION:
7 = _Lfmytﬂpuf Sthee YD) 2a A denstat aciesa sach
L 71 me Spom | Lt Cam Lozt
1= V4 4T, V= tonstandt rnlfage
L T, = [wich Coneh
o) t<o
. 2.5t A o=t =zs
1) = S A ze L 24s
V5 -2.5t A < ¢ <¢s
o A

t=Ls




Chapter Six: Capacitance and Inductance 463

6.33 The waveform for the voltage across a 20-mH inductor
~is shown in Fig. P6.33. Compute the waveform for the
inductor current. v(t) = 0, < 0. ©5

o() (mv) 4

10

—20 |-
Figure P6.33
SOLUTION:
- dinw UY | conshad dAcers Hnee Spems,
1= rfﬁrtﬁ,ﬁ; ,
Liy= N f41, V= toadad Vo ltage
L Ty = ikl curred
© A t <o
‘ +/2. A 0t £ 7ms
U = Yo"+ A Zns £4 < 3mg

0o A t = 3pA
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6.34 The voltage across a 4-H inductor is given by the
waveform shown in Fig. P6.34. Find the Waveform for
the current in the inductor. v(r) = 0, < 0.

v(t) (mV) 4

0 10 20 30 40 50 f(ms)
Figure P6.34
SOLUTION:
il%\:”]{jgﬂﬁﬂﬁi VI & genstad aciosy tine spany | 3o
=V o+ 4 V= Lonstod vatd
L - Tp = i Wa/?/:f
0 t <o
boot A 05tz Joms
éfA JomS et £ 2ok
1 = =+ oot ik Zont £ £ 2 3003
@Z,/»A S3on3 £ €< Yous
/!Z-fggoo'é'//{ Yows = 4< Spma

X/M/* %yz@m
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%3333 The voltage across a 24-mH inductor is shown in
- Fig. P6.35. Determine the waveform for the inductor
current. v(1) = 0, ¢ < 0.

v(t) (mv) |

8+

0 o6 13 -
' ‘ t (ms)
Figure P6.35
SOLUTION:
Trr 0=?50lns VB WA v ekl - zo e = 275604
3L
4%5. Z = -3 — A
I Ol T =] 2ma YIEY= |4 s (‘%Q)t
q :_.l_ ' —,L -3 - :
160 qutt-Lléwo T _2;’7011+)<]
7 ) = 100 u A {Mpx:o““c, AR QA 4, = 0-b ms
= -—"ZOO;}A/%‘"
0 A € <o
2186 4% A o4 <0 tmg

: 6
1) =8 0467 £ - 278 £ - zooxis " A 0.bmSL + = | z2my
20@‘/&#\ ‘ £ = lams
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6.36 Find the possible capacitance range of the following
- capacitors.

(@) 0.068 wF with a tolerance of 10%.
(b) 120 pF with a tolerance of 20%.
(c) 39 wF with a tolerance of 20%.

SOLUTION:

a) C= L8n¥ £10% LiznF=C= 748 nF
) (= 12pF £20% | UpF < Cz 144 oF
O (= 3&)/MF 2 2% 32, F scs S pF
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6.37 The capacitor in Fig. P6.37a is 51 nF with a tolerance
of 10%. Given the voltage waveform in Fig. P6.37b,
graph the current i(¢) for the minimum and maximum
capacitor values.

(1)

0 :*;) Ca=

(a)
60
0 )
4 - /i
20 %
N 3
g VI
= 0 \
S 20
—40
-60 :
0 1 2 3 4 5 8 7
Time (ms)
(b)
Figure P6.37
SOLUTION: 4xiot Vis Tz I42ms and ¢-sm3
i) Cdv/Ax dv/ak=0-1x06% Vi 4= 24 3ms
A LD (R o 0 Hhecirinc
3+ z2.24 z.2¢
Ca L
| 154 KB
9 ¥ > “({'[MS‘>
A / 4 o e
—-.Z_ -
-3 c= [l
\__4,,, e o v sz O.C’Co
-8 Co = 5(’hF
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6.38 Find the possible inductance range of the following
- inductors. £S5

(@) 10 mH with a tolerance of 10%.
(b) 2.0 nH with a tolerance of 5%.
(c) 68 wH with a tolerance of 10%.

SOLUTION:
A) L= lomy * 0% Gl =L = [JpmH
b) L=2n14 2 59, l9aH=¢ = Z.InH
O Lz LW H £10Y LzpH <L £7¢% i

7 S
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6.39 The inductor in Fig. P6.39a is 330 wH with a tolerance
of 5%. Given the current waveform in Fig. P6.39b, graph

the voltage v(¢) for the minimum and maximum

inductor values.

i) o0 L]

(@)

1.5

i ()
é
.

3

4 5

Time (ms)

(b)
Figure P6.39

SOLUTION: Vs Lo /dx

- Zooo /s ] <4< 7 ms
ég i [skp A5 z<4 £ 3mg
Ar Sov A5 BEt =Sm3
( ; ohar wise

460

Zoo

~ 46

~&Dp

& VLD (mV)

347
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6.40 The inductor in Fig. P6.40a is 4.7 wH with a tolerance of
20%. Given the current waveform in Fig. 6.40b, graph
the voltage v(r) for the minimum and maximum
inductor values.

_.{.~
iy (1) v 3
(a)
15
10
s N /
E LN /
= of \
= 5 .
B N,
-10
et L L]
0 10 20 30 40 50 60 70 80
Time (ms)
(b)
Figure P6.40
SOLUTION: = L sl /4t W3 ) - 5t
!/Z pr/i Of"i‘ZDMS ¢ - ‘ N 3.7¢
-Ls oo Zo €1 £ 3oms 2.82 N T
c‘l_&g\: “6.5 v 3p<2te fops e
A I " 4o<t=Som >
Lo fests loms N " s ; . _
o Qyﬂifw—i\«b io Zp 3o 4o SD Lo 1o .Z[ms)
L - 13% ]
~2.92
¢ — 1.2 (s
sl —m 0%
b T Co = ImF
-¥ A =396
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6.47 1If the total energy stored in the circuit in Fig. P6.41 is 80

mJ, what 1s the value of L?

L
@ — A S —
be
| 2000 < 0 pF =< v
1A ) 8 =T “ 500
? é‘; 2 Al e
& &
Figure P6.41
SOLUTION:

Sinte Svurce 1K) s copstpdt,

Ve and 1, are dso conatinds

iC:C fé“_{_c_-_.o W"VJ\ /UZ:LC_Z_/—.L.;.“;O
A
New  cincet
- ;L ) &%: /L, = 4o
“\ép }Zl i%C§ Ve ;.OAB (226:40\/
= -
Zle W= €S = (4mT
b
Rrojae = §omT = Lo, + 1, WL:ELLAZ'LZ: omT
»iLf(ﬁiﬁﬁ . A \L: SOmH\
oy vy '

d
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6.42 Find the value of C if the energy stored in the capacitor
~in Fig. P6.42 equals the energy stored in the inductor.

+ Ve -

C
IL

A
o
200 () "
?'i

12v( T

Figure P6.42

SOLUTION: ,
S\'V\CQ» Wﬂgt S Wce s Wm%) V, and 1, ace corshat
L-L:CML/M’:D f V=Ll di /gt =o

News c/ira/«v'/’(’ .
L= __JL - L"Dm(‘\
41, - L =
&.[_——Aé«,/ by
7
N, = )2
c = 8V
ARG 1 L’L”J' Ly,
We= 4 o e i d T VP L /LN
Ne
C= 7
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6.43 Given the network in Fig. P6.43, find the power
~ dissipated in the 3-() resistor and the energy stored in
the capacitor. PSV

3H

FEEE™

oy .. TG 0 ? 5 A

Figure P6.43

SOLUTION:  Srnee il Sovices owe  constant , al uol“fa?,w andl
CVItpks sl capstad

Vo= L Ay =0 fois c d/at=o

L}( (/L

- L 2.
?EL: ?LLB LOC: 56’0&

Bv[ 5.}07;.( FDS\’ ﬁ:rw T

Losiz | V|, ,EL]:-—EA
E [KL’V@?)] /ZZ"'(ZZS 3
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6.44 What values of capacitance can be obtained by
~interconnecting a 2-u.F capacitor, a 4-pF capacitor, and
an 8-WF capacitor?

SOLUTION:
¢ = ZuF Co= @f Cs = 80 F
Thew are 4 &gnﬁ;wf‘?ﬁma

L. 1,1 = 3o F Com 14 F
G 4T ST Cog = Cirlat = I
L ! 3 possibi Vit
CJT CpZ: Ck-# CLC Ceé: S-GOfF
G 4 b7 _pF
‘. L l__‘ . 3 ?3331'\9;‘!1.'{'('%
T 4
= 393 F
T % Cog = &) G g7y z86.F
| Cit Gt Gy |21 pF
D — S T BRI | 4nF
C}—_ﬂ Cg B C\+CZ+C3 CC@ s
&3
pas
Possble vl LY F ). ISwF
3.¢_L3/(AFI 3.15.,;:
520, F 5Co W F
_ N
9.3 é:lr )4}A F
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6.45 Given a 1-, 3-, and 4-wF capacitor, can they be
interconnected to obtain an equivalent 2-pF capacitor?
cs

SOLUTION:

Tes ! L |

! nF T ;f C%v GD”("+ Sxiom(’) ‘F){/o"é _ 5,5’
¢,F (1o b 306 + x5
“ 1
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6.46

Given four 6-pLF capacitors, find the maximum value

- and minimum value that can be obtained by
interconnecting the capacitors in series/parallel
combinations.

SOLUTION:

: L1 1 1 = LF
M A’ pua % C/T TCZ TCSTC% au C W

[CMW: qe = Zﬁfj

o ' G G GG
B A L
i

Crn

CMiVL; _,é”:: I(? F
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6.47 The two capacitors in Fig. P6.47 were charged and then

connected as shown. Determine the equivalent

capacitance, the initial voltage at the terminals, and the

total energy stored in the network.

O
,-‘-—
6V A<12 pF
+1 &
V
+
2V =< 4 pF
_l¢2
O
Figure P6.47
SOLUTION:
0\3’56,“!14552\?; V= bV Vo = 2V

C ¥ C/CZ T = 3 F:f
% C:’T[Z Cj /A




478 Irwin, Basic Engineering Circuit Analysis, 8/E

©.48 The two capacitors shown in Fig. P6.48 have been

connected for some time and have reached their present
values. Find V.

O
_.}_
V,=<12 uF
+
16V =< 4 pF
O
Figure P6.48

SOLUTION: T fontycah C%\wj; ™ R copact fre

Q= CV = (4‘>“¢;’63(Mg) = (lz/x\t)’(") Vo = (VO“: 5.33\/l

AT
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6.49 The three capacitors shown in Fig. P6.49 have been

- connected for some time and have reached their present

values. Find V, and V,. €95
O %
+
Vi==< 8puF
_| c
+
..I..
Vz = 4 pF
_1 &
O $
Figure P6.49
SOLUTION:
Y - ZL; f[abt Vg = -(—/\—- gt'abt
Voo Gl 4, kg =12V
V- Cl z

[ B
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6.50 Select the value of C to produce the desired total
capacitance of Cy = 10 pF in the circuit in Fig. P6.50.

O
== C
Cr =10 pF
4
BMFSQC\ ¢, -1~ 16 uF
O &
Figure P6.50

SOLUTION:

CLGrG) _ ipuF
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6.51 Select the value of C to produce the desired total
capacitance of Cr = 1 pF in the circuit in Fig. P6.51.

0, ‘- @
C == C == 1~ 1 pF
G
CT [
e @
1 ;.LF r““"mc\ C, -~ 2 jJ;F 11 pLF
2
O 2 e
Figure P6.51
SOLUTION:
CT: (C| +G ) C + <C3+C)C4, :\//‘AF;—
C"J’CLT’(_, C {'631"6'/—
3¢ 4 (O _ wL‘J’(f‘/Ci—ﬁiA/AF_
3+c¢ 2+
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6.52 Find Cyin the network in Fig. P6.52 if (a) the switch is
open and (b) the letLh 1s closed.

A 5
o | e
6MFW12MF
. D
Figure P6.52
SOLUTION:
A o
3) T 1 Cr= GG, GG
= I e
[ TCL C»_‘,
= 8/”?
b) A

uC‘_:,: ,_L Cg C’,“—”« @*@)(Cad’@

o= = et vt
G T G

B CT=§M

F
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6.53 Find the equivale

Fig. P6.53. PSV

4 uF 3k

IL IL

A0 Ly 7 Ly

< Cy

R L == 3 .F
2 Co
& i}

S FR3uF (¢ mR6pF

nt capacitance at terminals A-B in

Cs €1
B o——f————
12 uF 6 nF
Figure P6.53
SOLUTION:
Cp(: CZ+£2_CE~:~6”F Cﬁﬁ C5+£é£:-7:é/MF
Cy ey GG
T ST [Cﬁ(@"“/J‘FZl

C

/3((5 : C, CA ‘CB 68
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6.54 Determine the total capacitance of the network in
Fig. P6.54. €=

SOLUTION:

| | .
E{é{fm - a o ‘ CX: CZ «}»CB = 3 _F
Cr “CS v

C'} = CV"'CS": @/\F

udzrm C\
i( } VL~ Cx Czh: C(4+ CXCE' _ é/kf'—
1
I D F Cr= 2, F
(”T/ C/ (/_-2, i C7 /
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6.55 Find the total capacitance C4 shown in the network in

' Fig. P6.55.
(12 nF
- l\ s
Cq
6 uF == ¢ G TR 8RF TS 4pF “L == 2uF
I ' )
4uF == G Cr—> G F= 2pF
Figure P6.55
SOLUTION:
O Go= Cs + [ ce (es+Q) |2 1zr
1, ¢ @hc‘l e
& 1 T ‘
L I é;:i%é%z%cwzwf
Cr= 57\“@\{' = 4 JAF Cr- 4/,,]3
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6.56 Find the total capacitance C7 of the network in
Fig. P6.56.

3 uF
I{
I\
G
© & O T (@
Cq Cr
4 uF
3 uF 6 wF
It | It
A Cs A
Figure P6.56 “«
SOLUTION:
y _ Cy .
K{J{/\’M' “"H‘ er Cq_ﬂ‘- f;%%} - éJ,J'“
| — C"T Ll»’——!
— — C z C/ t Cx((
Coe “L——’w]‘ Cs T #C)("’Cg
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6.57 Find the total capacitance Cy of the network in
Fig. P6.57.

C\ I
4pF== Cp—» ¢, P12 uF
I(
1 v 1
1 uF
C-«f T 2 ;,LF (_5_%'&” 3 de
&
Figure P6.57
SOLUTION:
Yedracs: -
X - C—Lﬁ"quPCg‘ = 64;:
GE o A
{ r ¢, CT "—l“ 35 ‘
—] ] Cr= Cs 4+ G lx [7 (= |4 %/LLJ:?
\Ce{— Gy | —
— |
(e
-
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6.58 In the network in Fig. P6.58, find the capacitance Crif
(a) the switch is open and (b) the switch is closed.

Figure P6.58

SOLUTION:

o T L. I g

&G 1 L%ﬁL

T T 7T
Gre GGy GO, Gee [~ inF |
i+, (2+Cy C3+Cs —
b) ICQ
- i ,
. Cx = MC&F(S’X’ . b F
T I C'S C:Z-'r(')? +Cy Hs
WV%

“f - 1 =
] R S TA e
0*’*1”: Q Cite, :
¢

S/
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6.59 Compute the equivalent capacitance of the network in
Fig. P6.59 if all the capacitors are 6 wF.

O 4 e
¢, T~ R~
I{
1 I\ ? T T
Cs
—T— Cy
O : =}
Figure P6.59
SOLUTION:
Redpm
’ Cr= st G o 4
C|__L } 1 Cl}f CSP +Cl
T 6T , g Cr= O+ Gt (s CrelgF
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6.60 If all the capacitors in Fig. P6.60 are 6 pF, find Cog. €

I I I{
O Ik 1 \ 1 Ik
qu e~ Cs e
Ce
; I
== & G T~ e TS
O @ L
Figure P6.60
SOLUTION: & & G
“ 1" ; (4 T
c R (' Lj °s
e 4 Bl Cg
6 g s
Cx = [ C3Cs +C(,> Cq
Cgfc's' = 3{9//1,F C\/Z C7+C3*Q~ }Sé/_,,[:
e
C»}’;,S; '\'"C("."Cci Cr—a C?, %Cy,:/?,/x\.p
C3vly
L N IR R Cey = S5.18,.F
C‘g,/cl%‘“ii;%rc*( iz o
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6.67 Given the capacitors in Fig. P6.61, are C; = 2.0 F with
‘atolerance of 2% and C, = 2.0 wF with a tolerance of
20%, find the following.

(@) The nominal value of Ceq-
(b) The minimum and maximum possible values of Ceq-

(c) The percent errors of the minimum and maximum

values.

Cq

I

© ky

Al

O—

&)

Figure P6.61
SOLUTION:

Q) CeZ——- C;Cz/(CM"(zX / C%:‘I/AF'(
b} C!"\M = Clma.y CZMM /(Clmp\,,“\' Clm\ C/,M,% :Z,Of,ﬂF
CZmofc = Z,%MF

MCM%:IJ@fFI

-

¥

C[rnim, = lgé,,\lf sz,q/: /.%M,F [m,’hf 0,88//«[:)

c) + pered ey = é’_"f‘zﬁ;é’fg = 10.3% }L g«}w.‘Bﬁ%J
ertrs =

ng
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6.62 The capacitor values for the network in Fig. P6.62 are
Cy = 0.1 uF with a tolerance of 10%, C, = 0.33 uF
with a tolerance of 20%, and C3 = 1 wF with a
tolerance of 10%. Find the following.

(a) The nominal value of Ceq-

(b) The minimum and maximum possible values of Ceq-
(c) The percent errors of the minimum and maximum
values.

O * -

/1

Ceq——”’ Cl -~ Czl'—-“‘: C3?

O @ &
Figure P6.62

SOLUTION:
» Cag= Grlals= 43P F‘z* PR

CIMM: 0*//’&”/: [chy?‘ O‘Bﬁév/‘,/:‘

b> C""\M: CIMM*‘ (ZNM/J‘N(? Pese
C3may = lelpF

F(mec'= ]'GO(’LJ”F

C/M.'xv:’ O:D‘iMF Gomin = 012(19?‘“ (3mw3 D~Z4/‘P ! Cm_im: i-zsdjtxf:’
O + o ey = CmM”Cz’g _ 12.3%

Ce | .
8 EOZWI - )2,.3‘2,‘&
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6.63 A 20-mH inductor and a 12-mH inductor are connected
in series with a 1-A current source. Find (a) the
equivalent inductance and (b) the total energy stored.

SOLUTION:
L_, =R H [““Z = );l».ml"
Ly
1A CLL D Leg= Ll TL% - 32p ‘
bl o s, =Ly, 7 v L, T=1la

L\)TD'\"/LL,: IIGMT
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6.64 Two inductors are connected in parallel, as shown in
Fig. P6.64. Find i.

O s
Figure P6.64
SOLUTION:
T L, z,:i[wa.ﬂ: Lo
I Ly e [vew at ok

eu (o) [
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6.65 Find the value of L in the network in Fig. P6.65 so that
the total inductance Ly will be 2 mH. €8

LT l 4 laass d
L
Lg 6 mH
O -
Figure P6.65
SOLUTION: L
o ]
Fedraus: & Lx=1Llz+ L L3
LZ L1lz
Lv 4 ]
L %Lx LrzLbx _ zmH
o = 2 ensrad L/ 'fL)g
Loy = Ly L7; Ly= 4mH L Lq > m H
L/ “/’T L.“I'L5
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5.66 Determine the inductancer at terminals A-B in the
network in Fig. P6.66.

3 mH
Ly
12 mH §
| 2 mH
tq
Figure P6.66
SOLUTION:
Ly= Ly(Lprls)_ 4mH Ly=teligrls)  5mH
Ly+latils LyrLqy+Le
A Las Ly (baly)  © 442 mH
Ls"' LX'\ L\/

‘ Ly =L +L%—}L4 ]LT: a.42 m H
B ‘
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1 mH

6.67 Determine the inductance at terminals A-B in the
network in Fig P6.67.

CS

A O FEE™

Ly
4 mH

T .
£,

z12mH§

Figure P6.67

SOLUTION:

L
A : L
:E
B
L9

%= L

L’Y = Ll{,'f'*l._(’

= LmH

s + !:LL;

Lotlg

= LmH

L

[

L,, - zmﬂ

Lyt by
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6.68 Given the network shown in Fig. P6.68, find (a) the
equivalent inductance at terminals A-B with terminals
C-D short circuited, and (b) the equivalent inductance at
terminals C-D with terminals A-B open circuited.

Bo oD
Figure P6.68
SOLUTION:
&) A Ly Loos Dbz o oLaly Lag= 8mM
he Lyriy L34 L‘\, \ he k
o o
I
L
b) ¢
S 1
L Lep = (Lirte) (Lr L) \LCD‘: 10477 4 \
H - Leo STy
Ly "
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6.69 Find the total inductance at the terminals of the network
in Fig. P6.69.

SOLUTION:

K edracs Ly= Lzls +Lls = LeH

Hy - |
— L= Ly Lx Lr= 2 dmH
L_L/TLX §
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6.70 Compute the equivalent inductance of the network in
Fig. P6.70 if all inductors are 12 mH.

O &
ok - f
Lz
@ Ak : 3
Log—s  § %4
3 * 3
O
Figure P6.70
SOLUTION:
Kedeas: bx=Lsly |y
L, Z;#L./
L'Z.
= Ly

‘ L)’ - Ly//LL} Lm”

L.
.rm-} k Le -(Lrit)ls L2ml
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6.77 Find Ly in the network in Fig. P6.71 (a) with the switch
open and (b) with the switch closed. All inductors are

12 mH.
O £
L L
3 i‘i % l//
Ly —
O
Figure P6.71
SOLUTION:
M Lx:" Lz,Lg - L"hH
LI L‘Z fLZ
Ly Ly
[ Ly= Lty (tyels) g H
’ Lotlqtls
L Ly

Q) L{/ = LI -+ (Lx‘f’Lg’) (}_.LprL\/) [m

fo’Ly-}/LL/ ‘f'LY

lb\> Le= L)~ (LxL\\.)+ LsLy m
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6.72 For the network in Fig. P6.72, vg(¢) = 120 cos 377t V.
Find v,(1).

2 pF
A\

Ongty 0(1)

Figure P6.72

SOLUTION:

@"#@Mt Vo = - EC %)

[ ey - 9ot ¢ Sve (3976) v
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6.73 For the network in Fig. P6.73, vg¢(f) = 115sin377¢ V.
Find v,(¢).

20 pF
4 kQ l I\
AN '

CD vs(t) V(1)

4
O |

Figure P6.73

SOLUTION:

1&46?44/55’: U, LY = — [ f'US (+) d%
PC

V, ()= 3.81 Coa (3774) v
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8.74 For the network in Fig. P6.74, vg (1) = 80 cos377¢V
and vg (1) = 40 cos 377t V. Find v,(¢).

1k oy
10 kO 1 i l
ko X O
+
’ ?)Sz(f) 0, (2)
l o

Figure P6.74

SOLUTION: Nodat ﬂ’%lyﬂf at” npac X}

Vs, oy Tsz . - Cdy Uy b = ~__l§ (25 ¥s5) 4
i (=3 at ¢ £ B

Vp () = — 8000 s t) }'% (6> = -21.2 554 (3mt) V
Lo
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©.75 For the network in Fig. P6.75, choose C such that

v, = -——10/@5 dt

Source model

il i e o
i
i Rg=20k0: 80kQ
: A — AN —s
I + ; K] ?
! i
i
1 Ve +> i
o (‘“ § Yo
§
- i
! i
i
1 i

§

[

4

H

B

H

H

H

i

¥

§

¥

§

[

]—-@
¢
ol

Figure P6.75

SOLUTION:

A/UD —

1 540 At lg= Est8) = lookn
g
@56

Need fZeKC = O (’C B, /dOf /:)
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6.76 An integrator is required that has the following performance

v, (1) = 106/’1)S dt.

where the capacitor values must be greater than 10 nF
and the resistor values must be greater than 10 k).

(a) Design the integrator.

(b) If +10-V supplies are used, what are the maximum
and minimum values of v, ?

(c) Suppose Vg = 1 V. What is the rate of change of v,?

SOLUTION:
C
2 :
Vy=—_L Vs ek Vo= — ZZ;*([; U= R f’Usd’t
12’[ C —_[22 C/Z'Z'Z

prebifrarly sblect: CszonF) p= 2oL [y~ Zokn a@

e

bY) Vo  rannet Leged P swpplica and so (s Aomitedd 4 o

) Vo paax = LoV Vo poiin = — )a\/ﬂ)

P Q
) Ng=\V Vo ()= Ip* | dt- 160E

d’\so~ }Dé’ v/
R
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6.77 The circuit shown in Fig. P6.77 is known as a “Deboo”

integrator. ,

(a) Express the output voltage in terms of the input
voltage and circuit parameters.

(b) How is the Deboo integrator’s performance different
from that of a standard integrator?

(c) What kind of application would justify the use of
this device?

Ry

Ry
AN

+O A '
1
Vg CI ]

b

Figure P6.77
SOLUTION:
8} ’VX = (bo __ﬂ;l_-\>: O('\rb
. KI“’@Z
Us Ve o db, Ve age BEC du {ﬁm,ﬁl__u@sx_&. Y
TR A s Birgy At |2y () B
”o:(f_\i@f) L jgfu,cfu [.& . bler) ]w}(ue
v/ B3 ol R +0,)
b} MS\.M *H\,L { ana 4] N =  Up= £+l f»\) Ak
yre, P+ ptc 3

Wﬂjw p&%ﬁ/r@na/ o Hhat He m%e?vr,dfrw 'S Posi i
O Whiae posihie fndescatip b mecded |
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6.78 A driverless automobile is under development. One
critical issue is braking, particularly at red lights. It is
decided that the braking effort should depend on
distance to the light (if you're close, you better stop
now) and speed (if you’re going fast, you’ll need more
brakes). The resulting design equation is

dx(r)
dt

braking effort = K][ } + K,x(t)

where x, the distance from the vehicle to the
intersection, is measured by a sensor whose output is
proportional to x, ¥y, = ax. Use superposition to show
that the circuit in Fig. P6.78 can produce the braking
effort signal.

Vsense ¢

1 kQ 2! 1k()

2
ANt
1k O
Vo
Flgure P6.78
SOLUTION:
VY?: - Eﬁ,c d’z}&n;%g_/ /U e Zi(: 1)5,(/7\ 'UO'::WFZ?:,U__ !ZS'
| o I m R Y
VozRafal ox Lo e aX  KeoBslal  K,- Bl

R, At Py Ry 72 Rg
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6FE-1 Given three capacitors with values 2 wF, 4 wF, and
6 wF, can the capacitors be interconnected so that the
combination is an equivalent 3 pF? €5

SOLUTION:

\/”\‘ 45 & 1 Gp
% >
L1

Z F == 4
f”T l . Coy= L xi15°%) (4 x157%)

Lxis P+ Lx167¢

:_‘\3)(/\');:
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7
3

8FE-2 The current pulse shown in Fig. SPFE-2 is applied to a

1-wF capacitor. Determine the charge on the capacitor
and the energy stored.

i(2) (A)

A

Figure 5PFE-2

SOLUTION:

zé%\f f{c@t X?H\:é% C o=t £ s

L Cé J/\-C %7}5
7_) 0 O . \ £<o
W Y= L sl A= ), b +t Vo o=tz
Y C 7 /C Z:'o y —éw/«s
/LL.S
4
o T + <o
W) = A (8x00t™ T octegyg
1 g /»T‘ 'i—>l/b\5
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6FE-3 The two capacitors shown in Fig. 5SPFE-3 have been
~ connected for some time and have reached their
present values. Determine the energy stored in the
unknown capacitor C,. €89

O
+ +
24V ¥ L L#)
A
O
Figure 5PFE-3
SOLUTION:
’Lﬂ +Vy =24 V= é—l f[’Lf)M /U—L;E};ft'(%)di
T, =16V

Yi::g?i:_._’_. CX"-—"B‘Z)_“F‘I




