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Answer all the questions

Q1 The switch in the network of Figure 1 is opened at t = 0. Find i(t) fort > 0,1fL =
~HandC =1F.
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Figure 1

Q2. Find the trigonometric Fourier series of the periodic waveform in Figure 2.
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Figure 2

Let is(t) =2+ Y :—nsin(nnt), n = 2k — 1 is applied to the circuit in Figure

3. Find v, using Fourier series approach.
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Figure 3



Use the Fourier transform to find i, (t) in the circuit shown in Figure 4. The current
source iy(t) is the signum function 20 sgn (t) A.
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The switch in the network shown in Figure 5 is closed at ¢ = 0. Determine the
voltage across the capacitor using Laplace transform. Assume zero initial

conditions.
10Q
DY SNy T

10V —=— §1on 2F == v (h) 10M

|

Figure 5



Circuit Theory (BECE 203L)

CAT-2 Answer Key

Question 1

Solution At 7 = 0, the network has attained steady-state condition. Hence, the inductor acts as a short
circuit and the capacitor acts as an pen circuit.

3
Ve (O )=4xﬁ=2\f

o )=0
Since current through the inductor and voltage across the capacitor cannot change instantaneously,
ve(0")=2V
0 )=0

Casel WhenR=2Q,L= % HC=1F

R 2
a IR v B = 2
2L Z’.xl
2
1 1 1
ay = = = =1.414
' JLe J 1, Jos
.
o>y
This indicates an overdamped case.
i(t)= A e" — A ™
where, =G0~ =B —8-D =-B 3 =3 414
and 52 =—a+ 0 — @) =—-2++2 =-0.586
I'(f) = kl e—3.4ldf +k'_) e—0.586r
Atr=0,i(0)=0
k|+k2 =0 ...(i)
Alsov,(07) + v (0%) + v, (01) =0
vi(0*) = =vg (0" )= ve(0") = =2i(0" )= v (0" )= -2V ...(ii)

di
0")=L—(0*
v (07) d‘_( )

ve(0%) _ T
L 0.5

di
E(O* )=
Differentiating the equation of 7 (7) and putting the condition at 1= 0,
~3414k - 0586 k,=—4 ...(iii)
Solving Eqgs (i) and (ii1), we get
k,=1414 and k,=-1414

i(1)=1414(eM¥ — 03860y fore>0
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Question 2

1
Since the wavefonm does not exhibit any symunetry. we will have to determine the
coefficients a,.a_ and b_ . The a, coefficient is

il=

]
E]

a,= ;\'Itldr

¥

¥
where. of course. v(t) =1t in the interval 0 < t £ = and zero elsewhere and o, -1_;1

The a, coefficient 15

s
a, =—ijtcosm
oR3

-

Using a table of mtegrals. we find that

11 1 T
—.cosma»;!unn!

a, =-—
zln 1

The second term i zero at | = = and 0 and the first tenm can be written as

a.-L: —ll’—l]
m

since the cosing term will be +1 or —1 depending upon the value of . Thus

31-1)‘ -1
ml

In addition,
b, =——[tsintdt
=Rs

Once agatn, using a set of integral tables we find that
b = L_ﬂnﬂ‘——‘-ltﬂnl
zln n

i
o

The first term will be zero at each limit, but the second term is nonzero at the uppe
and thas

-
b, =—(=1f
it

B o) 5
n

Therefore, the Fourier series expansion is

\'(|}=-"E + ‘.'P——l-r-—:—l Fcosm —l—_—l-'—.-smm
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Question 3
S
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k’=l “’f‘”“ 2

tos (ATt - Tan' (53)),
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Question 4

The Fourier transform of the driving source is

I (w) = F[20sgn(r)}

-2(;;)
jar

Hi

jao

The transfer function of the circuit 1s the ratio of I,
to l.:s0

—

H(w) =

-

. 4+ ju

The Fourier transform of i (1) is

I w)

1 (w)H (w)

40
Jold + jw)

Expanding / () into a sum of partial fractions yields

I( _K; + K}
ow) = ju 4+ jo

Evaluating K, and K, gives

K1=T=[0
40
K3=__4=—10

Thercfore

L) = =~ ——.
jo 4+ jw

The response is
io(t) = F (1, ()]

= Ssgn(r) — 10e™u(t).
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Question 5
Solution At =0, the capacitor is uncharged.
vir)=0
Since the voltage across the capacitor cannot change instantaneously,
i'l(ﬂ'if“ 10
For 1 > 0, the ransformed network is shown in Fig. 7.35, WA—
Applying KCL at the node for ¢ > 0, 3 :
v.(s)-12 =T “a
o) Kl K@ |
10 w1 L
2s Fig. 7.35
25V (5)+02V.(8)= !
5
. 1 035
} (5) = =
H2e+0.2) s(s+0.1)
By partial-fruction expansion,
. A B
Vis)=—+
5 s+0.1
y 0.5 0.5
A= sV (s)| 0= =—=3
= 0l 0]
0.5 0.5
B=(s+0.0W.(s)|,, ., =— o
= 0.1
=4 Y
3 5
V()= =—
s s+0.1

Taking inverse Laplace transform,

v (t)=5-5¢" fort>0




