KFUPM-EE DEPT.
EE205: Circuits 11-082
HW # 2: Solution
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The resistance, inductance, and capacitance in a parallel RLC circuit are 5000 €, 1.25 H,
and 8 nF, respectively.
a) Calculate the roots of the characteristic equation that describe the voltage
response of the circuit.
b) Will the response be over-, under-, or critically damped?
¢) What value of R will yield a damped frequency of 6 krad/s?
d) What are the roots of the characteristic equation for the value of R found in (c) ?
e) What value of R will result in a critically damped response?

[a] a= L _ 10° = 12,500
" 2RC  (10,000)(8) ’
9
w? ! 10 =108

°=IC ~ (1.25)(8)
s12 = —12,500 £ \/(1.5625 — 1)108 = —12,500 = 7500
s = —5000 rad/s
59 = —20,000 rad/s

[b] overdamped

[€] wa = /w2 — a?

of = w? —w?=10% - 36 x 10° = 0.64 x 10°

a = 0.8 x 10* = 8000

! = 8000; : R——~—mg—~——78125§2
2RC T T (16,000)(8) ’
[d] s; = —8000 + 76000 rad/s; 89 = —8000 — 56000 rad/s
le] a=104=—1—; ) R=—1~——-=6250Q

2RC’ 20(10)
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The initial value of the voltage v in the above circuit is zero, and the initial value of the
capacitor current, 7, (0") is 15 mA. The expression for the capacitor current is known to
be:
i(t)=A4e" +4,e™, >0
Where R is 200 Q.
a) Find the valueof o, @,, ,L, C, A, and A,

(H o dic(0) _ diy(0) diy(0) :v<0>_yc<0+)j
dt dt dt L R C

b) Find the expression for v (¢), ¢ >0
c¢) Find the expression for i, (t), t >0

d) Find the expression for i, (¢), ¢t =20

[a] 2a = 200; a =100rad/s

2\/a? — w? = 120; w, = 80rad/s

1 1
C=5ak = 200000) ~ M

6
L=— 100 _ 6951

T Ww2C ~ (80)2(25)
ic(0%) = Ay + Ay = 15mA
dic diy din
@ttt a T
dic(0) _  dir,(0)  dir(0)

dt dt dt




& "6z VA
dig(0) _ 1dv(0) _1ig(0) _  15x107% 3A/
it R dt R C  (200)025x108) 77
dic(0) _
e 3A/s
160A; + 404, = 3
4A1 + A2+ =TH X 10_3; S Al =20 mA, A2 = —HmA
oig=20e"16% 5% mA >0
[b] By hypothesis
v=Ase % + A%  t>0
v(0) =As+ A1 =0
dv(0) 15 x 107°
at =10 0OV
—160A; — 40A, = 600; .. A3=-5V;  A;=5V

v=—be 160 L ey ¢t>0

[c] ir(t) = 53”6 — —25¢7160 4 95e=10tmA >0t

[d] i, = —1IR — IC

iy, = be 1% — 20e 1 mA, t>0
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The switch in the above circuit has been in position for a long time. At t = 0, the switch
moves instantaneously to position b. Find v ,(¢) for  >20.

. 4-
31.[. :10 1g
+ —_
+

v % 150k0 \I/ 60k
i‘b

T

ir(150 x 10%) (150)(60)1063_
210 x 103 210 x 108 T

vp = 10%

vr 1500 X 102 9000 x 10? _ 10,500

ir o0t 20— a1 X 10 =50k0
75
= —(6) =45V; I,=0
V, 10 (6) 5
1c(0) = —ig(0) —21,(0) = 45 = —0.9mA
ZC( ) - _ZR( ) - ?’L( - 50,000 - *
ic(0) _ —09 6 3
- = -T2 10
8 195 x 10 720 %
9
w? ! W ___ 10%; w, = 10* rad/s

T LC ~ (8)(1.25)



1 10°
T 2RC  (2)(50)(1.25) x 103

= 8000 rad/s

o

wa = /(100 — 64) x 106 = 6000 rad/s
v, = B1e 8% cos 6000t + Boe809% gin 6000t
vo(0) = By = 45V

dv,

I (0) = 6000B; — 8000B; = —720 X 10°

60008, = 8000(45) — 720 x 10%; ", By=—60V

v, = 45780 o5 6000t — 60e 2% sin 6000t V, t>0
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There is no energy stored in the circuit in the above Figure when the switch is closed at
t=0. Find v ,(¢) for ¢ >0.

For t>0
+
37.5mA%) 800052 6.250F T 25H§ v,
1 1
= ———— = - — 4
a=ops 100; ic 6400

s12 = —100 £ 60

s1 = —40rad/s; 89 = —160rad/s

v, = Vy + Aje ™% + ALe 10"

Vi =0; v,(0%) = 0; ic(07) = 37.5mA
Al +A,=0

dv,(0Y)  ic(0%)
dt ~ 6.25x 106
dv,(0T)

dt

= 6000 V/s

= —40A} — 1604}

—40A — 160A}, = 6000



Al + 44, = —150
A+ A,=0
Ay =50V;  Ay=-50V

v, = H0e 10 — 50e~ 160V, t>0
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The initial energy stored in the circuit in the above Figure is zero, Find v (¢) for ¢ >0.

o= 7= 5000 rad/s

1 10°
2 _ _ _ 6
Yo =10 = 20 50 x 10

s1.2 = —5000 % /25 x 106 — 50 x 105 = —5000 £ 75000 rad/s
vo = Vj + Bje %% cos 5000t + Bje™**°* sin 5000¢

v,(0) =0= V% +Bi

vo(00) = 40V; . By =-40V
d”;io) — 0 = 50008, — 50003,

Bl = B} = —40V

v, = 40 — 40e %% o3 5000t — 40e %% sin 5000t V, t>0



