Chapter 4 solved problem

1. Inthe circuit shown below if

(a) Find the values of R and C.
(b) Calculate the time constant

(c) Determine the time required for the voltage to

decay half its initial value at t 0.

Solution
(a) =RC = 1/200
For the resistor, V=iR= 56" = 8Re " x10~

1 1
= = 3
200R  200X7X10

=0.7143uF

(b) T =1/200= 5 ms
{c) If value of the voltage at =015 56 .

%xf}é =56e™ —u ™2
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iy = 566 Y, >0
i =8 "mA, (>0
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200t, =In2  —— f =Lln2 =3.466 ms
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2. Findvc(t),t>07?
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Solution:
e The switch has been closed for long time before switch move to new position.
e The capacitor behaves as open circuit.
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0k + 70k

y,(01)=v,(0)=v,(0")=50kQ| (75mA) [é—-@k——-} _50kQ {(7_5mA) [%H 200V

Att=0, the switch is open

+ | dv_(t)
04pF 7\ v (1) § 50kQ dt
) | V. (1) =200 >0 V.,
Note From the voltage across the
KVT. around the loop : capacitor to  find current through capacitor
or resistance

1= c(dv/dt)

+50v.()=0

v_(t) + 50k i () =0
v, () + 501{0 dL(t)] =0
dt

3. The switch in figure below opens at t=0. Find for Vo for t > 0.

2 k2 1=0
A K

5\;@) v, édkﬂ == 3mF




Solution For t < 0, the switch is closed so that
4
v {Q)=——{6]=4V
A0)=548

For t =0, we have a source-free RC circuit.
r=RC =3x107x4x10° =125

volt) = vo(0)e " =4e

4. For the circuit shown in figure below, find for lot>o0.

40 4H
i, i__rmfx_ i'“
< <
24V 40 = S 80

Solution: For t<0, we have the circuit shown below.

—tf12 V.

4
4Q 4H m
/NN YN b
40 40
24VC> §Q 6A 4Q 80
)
4||4= 4x4/8=2

i,(00)=[2/(248)]6 =12 A

For t =0, we have a source-free RL circuit.

r=£=i=lﬁ3 thus,
R 4+8

io(t) =12 A,

5. In the circuit shown below,
(@) Find R, L, and. time constant.

(b) Calculate the energy dissipated in the resistance for 0 <t <.5 ms.



iy =807y, (>0 el
ith=5"""mA, >0

solution:

1
(2) r=—5=Ims
10° =1 ms.

v(t) = iR = 80" v = R5¢'™"x10™ or R = 80,000/5 = 16 k).
But 1=L/R=1/10° or L = 16x10°/10° = 16 H.

(0).E = [)°V(t) *i(t) dt  =200(1-e-1) x10-6 = 126.42 uJ.

6. Calculate the capacitor voltage for t < 0 and t > O for each of the circuits
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(a) 341
Solution ©
(a) Before t=0,
1
7 —_—— —_ ‘.T
vit) 4+1[20] 4
Aftert=0,
v(t) = v(o0) + [ v(0) — v(e0)] V"
T=RC=(4)(2)=8., v(0)=4, vioo) =20

v(t) = 20 + (4 —20) e /8
v(t) = 20—16e 78 v



(b) Before t=0, v= v, +v,, where v, is due to the 12-V source and v, i1s

due to the 2-A source.

v, =12V
To get v, , transform the current source as shown in Fig. (a).
v, =-8V

Thus,
v=12-8=4V
After t = 0, the circuit becomes that shown in Fig. (b).

2F 40 2F
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v(t) = v(0) + [ v(0) = v(o0)] e

v(o)=12, v(0)=4, 1=RC=(2)3)=6
v(t)=12+(4-12)e™S

v(t)=12-8e* V

7. The switch in Figure below has been in position a for a long time. At t=0 it moves to
position b. Calculate i(t) for all t > 0.

q_ =1

mv(’:}l 24V 30 —:F

Solution:
R,=6[3=20Q, t=RC=4
¥(t) = v{(o0) + [ v(0) = v(ov)] eV

Using voltage division,



v[0)=;—6[60)=2{ﬂ’, v(mjzﬁ{zct):gb’

Thus,

v(t) =8+(20—8) e =8 +12 ™
av -1
iN=C—=(2)(12)| = |7 = -6 4
() - (2)( )(J
8. Find V(t) and i(t) in the circuit if u(-t)=1,

2042

AP |
I
wt-n A (}) 02T 0IF =

|

Solution Fort =20, u(-t)y=1,

Fort=0, u(-t)=0,

v(oo) =0
R, =20+10=30,

=R, C = (30)(0.1) = 3
v(t) = v(oo) + [ v(0) — "\-"(GC-}] e-l’,."r

v(t)=10e* V
dv

it =C ol(JJlu 13 “tF:if"t’faf’*
)= =(0.D| = [10e
i(t) = C— = 0.| 5 J10e 3

9. Determine the inductor current for both t <0 and t >0 for each of the circuits shown below
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Solution:

. 25
(a) Beforet=0, i=——=5A

3+2
After t=0, i(t)=i(0)e ™"
L 4 .
'E=E=E=2, 1{ﬂ}=5

i(t)=Se™ u(n) A

(b) Before t = 0, the inductor acts as a short circuit so that the 2 €2 and 4 Q2
resistors are short-circuited.
Ht)=6 A
After t= 0, we have an RL circuit.

i(t)=i(0)e ", T=

r_3
R 2

i(t)= 6 u() A
10. Obtain the inductor current for both t< 0 and t>0 for the circuit shown below

4
12 €1 442
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r=0 %B.SH

Solution Before t = 0, i is obtained by current division or

24 (3 4n§

. 4
i(t) = 4+4{2)—1A

Aftert =0,
i(t) = i(o0) + [ i(0) —i(e0)] e

T=—_, R,=4+(4]12)=7Q

Gl 5= 2 =8¢

10)=1, #(e0) 4+(4]12) 4+3 7



11. Find V(t) for t<0 and t>0 in the circuit shown below
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Solution:
For t < 0, consider the circuit shown in Fig. (a).
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3 n io
&
24V
(a)

31, +24-41, =0 —>

0.5H

v(t)=4i, = 96 V

8Q

200V

+
i

i, =24

1=

For t = 0, consider the circuit in Fig. (b).

i(t) = i(o0) + [ 1(0) = i(o0)| &

1(0)=48, 1(0)=0
L

Ry =2Q, 1=—=—==

R

i(t) = (48)e ™™

l‘l|l":

05 1

4

v(t) =2i(t) = 96e™ u(t)V

b | <

48 A



12. Find 10(t) , t > 0 by using step by step methods.

. 2V 200uF
2kQ |
— AV - + I( ’
2
2kQ§ § 2k Q
| §2kQ
4k Q _
i \{,h(t)

Step (1) -

t

i,(0=k, +k,e*

Step (2): assume steady state (for t < 0) replace capacitor by open circuit.
12V

2kQ +VC(0-)-
— ANV @ 0 © _ 7k
v, (0 )=(12)a =4V
2kQ)
: $2xa $ 210 v,(07)=v,(0)=v,(0")=4V
io(®)

Step 3: now switch is moved, replace capacitor by voltage source = vc(0) ,
Now find i0(0)
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vy A A )
T

U 6mA
17T A ORI O
2k9§ § 4%Q §2kg /) § - §2kg §2k9§
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‘ CDSmA i0(0)=8mA(;11j=2.66mA

12V

‘ 12V ‘
0
—— 4 0 0 ’ ’—@_\
2k § ke 2kQ § §2k9
‘ xed gzkﬂ ‘ *

‘ iy () | 1,(0)

: 12
1,(00) =—=3mA
4k
Step 5: find time constant. First find RTH at terminals of the capacitor

RTH

2kQ |
—AAA, o

2kQ§

0—‘ Ry, =(4k 4k /f 2K)+ 2k

=3k
1xag $2k0 S an 1=Ry, C=(3kQ)(200pF)= 06 sec

Step 6 : find the solution 1,(t)

—t

iy () =ig(e0) +[i,(0) —iy ()] ™
—34+(2.66—3)c %6 mA
i()=3-033e /06 mA



13. For the circuit shown below find Xr=0

|
(a) #€0™) and v(0™), 60 é 40 =
(b)Y £ 07/ clf and de (07 /e, } . j

2v({+
(c) #(e°) and r{22). CD

I = +

—

14. If what value of C will make an RLC series circuit:
(a) overdamped,
(b) critically damped,
(c) underdamped?

Solution

a. Overdamped when C > 4L/(R2) = 4x1.5/2500 = 2.4x10-3, or C > 2.4 mF
b. Critically damped when C = 2.4 mF
C. Underdamped when C < 2.4 mF

15. The switch in figure below moves from position A to position B at (please note that the
switch must connect to point B before it breaks the connection at A, a make-before-break
switch). Let v(0) =0, find v(t) for t > 0.

30y L2 A

LAY ‘?<- 4 H
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20V C— D.25F == 2(r) § 10 2

Solution:

When the switch is in position A, w0')=0 and 1.{0) = 80/40 =2 A. When the
switch is in position B, we have a source-free series RCL circuit.
R 10
1.25

G::Z:ﬂ:

] |
mo = = = ]
e B

When the switch is in position A, v(07)= 0. When the switch is in position B, we
have a source-free series RCL circuit.




R 10 Since ¢ > @, , we have overdamped case.
og=—=——=125
2L 2x4

o= S = -+ o’ —af =—1.25++/1.56. —0.5 and -2
° Jic Jl
I}M

v(t)=Ae '+ Be ™"

W0)=0=A+B

ic(0) = C{dw(0)/dt) = -2 or dv(0)/dt=—2/C = 8.

But SV pac2 o505
dt
MO _ 5 4_058=-8
dt

Solving (2) and (3) gives A=1.3333 and B =-1.3333

v(t) = 5.333¢ 2 5.333¢ "' V.
16. In the circuit of Fig. 8.71, the switch instantaneously moves from position A to B at Find
for all t >0.
A i=0
0.25H
a1k
0
B
+
= < -
Solution:

H(0)=1,=0, v(0)=F, =4x5=20

di{0) 1
———=——(RI,+ V) =—4{0+20)=—80
dt g Rle+¥0) =~ )

oL 1
P L

4 23

=10

o= R _ l—{; =20, whichis> e, .

2,1
4



s=—at.Ja’ — @’ =204+ 300=-204103 =—2.679,-37.32

f{r) — Ale-lﬁ?g.r + AEE—S?.HI
di(0
i(0)=0=4A + A, a0 _ —2.6794,—37.324, =80
dt

Thisleadsto A =-2.309 = - A4,
() =2.309(e™ — 27

_ 1t
Since, v{f) = E_[ﬂ:(f)dr + 20, we get

v(t) = [21.55e 297 _ 1,556 v

17. Calculate for in the circuit of shown below
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Solution: By combining some resistors, the circuit is equivalent to that shown below.

60]|(15 + 25) = 24 ohms.

120 t=0 6Q ;
AW Wy >
3H
24V § 24Q +
v T (1127T)F

Att=0-,i(0) =0, v(0) = 24x24/36 = 16V



For t = 0, we have a series RLC circuit. R = 30ohms, . = 3H, C = (127 F
o = RAZL) = 30/6 = 5
o, =1/JLC =1//3x1/27 = 3, clearly a > ©, (overdamped response)
s12 = —at o’ —w ==5++57-37 = 9 -1

vit) = [Ae® +Be™], w(0) = 16 = A+B (1)

i = Cdvidt = C[-Ae* - 9Be™]

i(0) = 0 = C[-A—9B] or A = -9B (2)
From {1) and (2), B =-2 and A = 18.
Hence, vit) = (18e" — 279V

18. The switch in Fig. below moves from position A to position B at (please note that the
switch must connect to point B before it breaks the connection at A, a make-before-break

switch). Determine i(t) for t >0.
F i =0
l i

i
aa() Zxo 10 mF =100 ggﬁ[—[

Solution:

When the switch is in position A, the inductor acts like a short circuit so i(0-) =4
When the switch is in position B, we have a source-free parallel RCL circuit

1 1
o= = = ]
2RC X10x10x10

| | ” S1p = =5+ 25 =400 = =5+ [19.365
Cﬂo = = - . _ 5 .
Jic 1 S10x1 0% :.{t) =e™" (A C0s19.3651 + A, sin19.365t)
4 {0)=4=A
di difo) _ v{0) _

=l — >
VoG af 1

Since & < ¢, we have an underdamped case.

0




% =™ (—5A, C0O517.3651 — 5A, 5iN19.365F —19.365A,5iN19.3651 +19.365A, cos| 9.3651’)

0= [di(0)/dt] = —5A, + 19.365A; or A, = 20/19.365 = 1.0328

i(6) = ¢ “"[4cos(19.365t) + 1.0328sin(19.3650)] A

19. Find lo(t)and Vo(t) for the circuit shown below if v=30v, L=1H, R1=2Q, R2=8Q
C=.025F

Ry L iylh)

Wiy ﬂ! : £1th

i=0 +
D@) R :?; o == ziN

Solution:

20 1H

i(t

=0, note this is a +
make before break 80 ™ vt
swiich so the (14)F o)
inductor current is -
not interrnpted.

v

Att=0,v,{0)=(8/{(2+ 8)30)—=24
For t = 0, we have a source-free parallel RL.C circuit.

_ = 1
@ = RC) =% I =1/ 1x1/4 =2

Since a is less than ®,, we have an under-damped response.

0, = Jol —o? =4 (1/16) =1.9843



Vo(t) = (A1coswat + Azsinmt)e™
vo(0) = 30(8/(2+8)) = 24 = A; and io{t) = C{dvo/dt) = 0 whent=0.
dvo/dt = -t{Aicoswgt + Azsinemgat)e™ + (-waAsinwgt + waArcosmgt)e™
at t =0, we get dv,(0)/dt=0=-aA; + waA>
Thus, A; = (Wwg)A, = (1/4)(24)/1.9843 = 3.024
vo(t) = (24c051.9843t + 3.024sin1.98430)e ™" volts.
ig(t) = Cdv/dt = 0.25[—24(1.9843)sin1.9843t + 3.024(1.9843)cos1.9843t —
0.25(24co0s1.9843t) — 0.25(3.024sin1.9843t)]¢ ¥

= | 12.0955in1.9843t]e “ A.

20. Find i(t) for t>0 in the circuit of shown below

50
— A

201} 7< lH

:

I=D*

Solution: Att = 0—, the switch is open. i(0) = 0, and
v(0) = 5x100/(20 + 5 + 5) = 50/3

For t > 0, we have a series RLC circuit shown in Figure (a). After source transformation, it
becomes that shown in Figure (b).

10 H

) 1H
+
v

1Q
A i
10 pF_|_ |
SA Swa Tsa M 20V C:) T 0.04F

@) ®)



0, = I/4LC = 1/41x1/25 = 5

@ = RA2L) = @)(2xl) = 2

S17 = —ai,,’ag -mi = -2 +14.583

Thus, v(t) = V. + [{Acos{wst) + Bsin(wat))e ™,
where wy = 4.583 and V, = 20
v(0) = 50/3 = 20+ A or A = -10/3

i(t) = Cdv/dt
= C(-2) [{Acos{cgt) + Bsin{mdt))e'zt] + Cwa[(-Asin{cgt) + Bcos(mdt))e'zt]

i(0) = 0 = -2A + 4B
B = 2A/w; = -20/(3x4.583) = -1.455

i(t) = C{[(Ocos(wat) + (2B - wyA)sin(w4t))]e ™)
= (1/25){[(2.91 + 15.2767) sin{w4t))]e"}

i(t) = 727.5sin(4.583t)e > mA

21. Find the output voltage Vo(t) in the circuits shown below

Ay
104}

:mG Sﬂ% 1H§ 10 mF == 2,

Solution: Att = 0-, we obtain, 1L(0) = 3x5/(10 + 5) = 1A and Vo(0) = 0.

For t > 0, the 10-ohm resistor is short-circuited and we have a parallel RLC circuit with a step
input.



o = I/2RC) = (1)}/(2x5x0.01) = 10
w, = 1/JLC = 1/4/1x0.01 = 10
Since (¢ = ®,, we have a critically damped response.
s12 = -10
Thus, it = L+[(A+Bte™], I, = 3
if0) =1=3+A or A=-2
vo = Ldi/dt = [Be '™ + [-10{A + Bt)e"]
vo(0) = 0= B-10A or B = -20

Thus, vo(t) = (200te™®)V

22. For the network given in figure below find V(t) >0.
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lH
AN 11k
60 +
1
A 103 =L
Solution:
For t = 0-, we have the equivalent circuit as shown in Figure (a).
i(0) =i(0-)=0,and v(0) =4 -12 = -8V
4V 5Q 12V 6Q i 1H
— AT
(O ;
1 Q V({') C:) 12V L= 0.04F
; -

(@) (b)



For t > 0, the circuit becomes that shown in Figure (b) after source transformation.

Thus,

we = 1/4/LC = 1/4f1x1/25 = 5
a = RI2L) = (6)/(2) = 3

512 = —at ol - = -3+j4

v(t) = V, + [(Acosdt + Bsindt)e™], V., = -12

i = 8=-12+A or A=4

i = Cdw/dt, or ¥C = dv/dt = [-3(Acosdt + Bsindt)e™"] + [4{-Asindt + Bcosdt)e ']

i(0) = 3A+4B or B = 3

v(t) = {-12 + [(4cosdt + 3sindf)e ]} A

23. In the circuit of Figure below, find for i(t) for t >0.

40

oL 1

f=[}It 60

20v () T %
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Solution: Fort <0, i(0) =0 and v(0) = 0.
For t > 0, the circuit is as shown below.

40
Wy Applying KVL to the larger loop,
i |\ Ti
=20 +6i, H0.25di/dt + 25 | (i, +i)dt = 0
W ¢ J
0.04F

Taking the derivative,

D000

0.25H , . .
6di,/dt +0.25d71,/dt" + 25(i, +1) = 0




For the smaller loop, 4+25 I (1+1,)dt = 0

Taking the derivative, 25(1+1,) =0 or i1 = -1, (2)
From (1) and (2) 6di,/dt + 0.25d%,/d6 = ©
This leads to, 0.25s>+6s = 0 or s;7 = 0,-24
() = (A+Be™) andi(0) =0 = A+B or B = -A
Ast approaches infinity, 1,{e2) = 20/10 = 2 = A, therefore B = -2
Thus, i.(t) = (2 -2e?*) = -i(t) or
ift) = (2 +2e¥H A

24. If the switch in figure below has been closed for a long time before but is opened at
determine: (a) the characteristic equation of the circuit,

(b) Ixand VR for t>0.
r=0

16V @) 1zn§ -

1 1
i

Solution: (a) Let v = capacitor voltage and i = inductor current. At t = 0-, the switch is closed
and the circuit has reached steady-state.

v(0-) =16V and i(0-) = 16/8 = 2A
At t = 0+, the switch is open but, v(0+) = 16 and i(0+) = 2.
We now have a source-free RLC circuit. R=8+12=200ohms, L =1H, C =4mF

= RA2L) = (20)//(2x1) = 10 :
a (2L) = (200(2x1) Since ¢ > ), we have a overdamped response.

512 = —otao’ -l = 18,22

0, = /4LC = 1/,J1x(1/36) = 6



Thus, the characteristic equation is (s + 2)(s + 18) = 0 or s2+ 20s +36 = 0.

()  i(t) =[Ae-2t +Be-18t]and i(0)=2=A+B (1)
To get di(0)/dt, consider the circuit below at t = 0+.

-¥(0) + 20i{0) + v.(0) = 0, which leads to,

§ 12Q 8Q
-16+20x2 + v {0) = 0 or vi(0) = -

1 a6 Ldi{0)/dt = v (0) which gives di(0)/dt = v {0)L = -24/1 = -24 Afs

V™ (
- Hence -24 = -2A—18B or 12 = A+ 9B (2)

From (1) and (2), B = 1.25 and A = 0.75
i(0) = [0.7567+ 125677 = -i;(1) or ix() = [0.75¢ - 125¢™*] &

v{t) = 8i(t) = [6e ™+ 10e™] A
25. Determine i(t) for t>0 in the circuit shown below

4Q

I

t=0 4 i)

12V(j> SHs $F =— gsn (Dsa

L]

26. Find the output voltage Vo(t) in the circuit of shown below for t>0. If V1=8v, V2=12v,
R=2Q, L=1H,C=1/5F.

ﬂk.. mfn

=0 .

iy Ci) Vi CT*
£11L




