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Answer all the following questions

S.No Questions Marks

| (a) Find the voltage v(t) for ¢ >0 in the circuit of Figure 1. What type of response 10

will it produce?
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Figure 1
2 |(a) Find the Laplace transform of the function f{t)= (e % — e~ ®)u(1). 3
(b) Find #y(2) in the circuit of Figure 2 using Laplace transform method. 7
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3 For the waveform shown in Figure 3,

(1) Specify the type of symmetry it has,

(1) Find Fourier series expansion of f{#) and calculate a; & b3,

(111) Find the RMS value using the first five non-zero harmonics.
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Figure 3
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Determine the output voltage vou(?) in the given circuit of Figure 4 if R=
=2 H, C=0.25 F and the input voltage vs(t) given by the Fourier series

L‘s([) vﬂu (t)
—AM—s o
[ R

4 < sin(nmt)
VS(E) =3+ I_I'Z Vv

n=1

Figure 4

Also plot the amplitude spectrum and phase spectrum for n=1, 2, 3.

10 Q,

10

Find the voltage vo(?) and current ip(z) using Fourier transform method in the
circuit of Figure 5 considering is(z) = 8¢u(t) A.
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Answer:

S. No

Questions

Marks

Find the voltage v(?) for ¢ >0 1n the circuit of Figure 1. What type of response

will it produce?

3a(}) 100 § v==4F 5Q § Q) 4 A

Figure 1

We may transform the current sources to voltage sources. For t = (0, the equivalent
circuit is shown in Figure (a).

100 i i 3
M — T——VW
+ l I1H

50
= 5Q v gF 3‘,\E'|>
- T | |

(a) (b)

.)
o/
MW

30V K_

i(0) = 30/15 = 2 A, v(0) = 5x30/15 = 10V
Fort >0, we have a series RLC circuit, shown in (b).
o =R/2L) =512 =25

I [ -
o, =1/vJLC =1//4 = 0.5, clearly @ > w, (overdamped response)

s12= —atq o’ -l

v(t) = \’<+[f\10'4'%l +A'_‘L‘4‘-‘EU5I]. \’" _ 20‘

-2.5+ 625 -025 = -4.95,-0.0505

v(i0) = 10 = 20+ A, +A:> or
As=-10- A, ()

i(0) = Cdv(0ydt or dv(0)ydt = 2/4 = 1/2
Hence, 0.5 = 4.95A; - 0.0505A;, (2)

From (1) and (2), 0.5=-495A, +0.505(10 + A;) or
4.445A, = -0.005

A, = 0001125, A; = -10.001

v(t) = [20+ 0.001125¢7" — 10.001¢"] v

10

(a) Find the Laplace transform of the function f{z)= (e~ — e~ ")u(t).
F(s)=(b-a)/(s+a)(s+b)




(b) Find iyp(?) n the circuit of Figure 2 using Laplace transform method.
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Figure 2

Consider the following circuit,

Is
1A fﬂm E

2 g CT 1/(s +2) 1

Applying KCL at node o.
1 v V, s+l

o o

s+2 25+l 2+1fs 2541 °
B 2s+1
® (s+D(s+2)

Vv 1

o

B

S+ 4

o

_ A
2s+1 [s+1)[s+l‘)7s+1 i

I

__1
° T 541

i,(t)= (t‘4 —e‘:')n(t) A

For the waveform shown in Figure 3,
(1) Specity the type of symmetry it has,
(11) Find Fourier series expansion of f{t) and calculate a3 & bs,
(111) Find the RMS value using the first five non-zero harmonics.

(1) A
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(a) Odd symmetry

(b) a,=0=a, T=4, 0, =2nT = n/2
f(t) =t 0<t<l
=0, lI<t<2

4 4 nmt 4 . nmt 2t nmt
bp = —|tsin—dt=|——sin— ——=¢c —-I
n’n’ 2 o 2 s
4 nmn 2 nm
= ——gin——-—cos—=—10
nm 2 nn 2

(-1 '), n = odd
—2(—=1Y*(nr). n = even
a; = 0. by = 4(=1)/(977) = —0.04503

(c) by = 4/7%. by = Un. by = —4/(97%). by = —1/(27). bs = 4/(257%)

[, .1 ) 2
Frms = \:‘a;+:Z(a;+b;J

Fame = 0.5Zb, = [V/2r)][(16/77) + 1+ (16/(817%) + (1/4) + (16/(6257°))]

= (1/19.729)(2.6211 + 0.27 + 0.00259)

Feme = V0.14667 = 0.383

[2 4, —
Compare this with the exact value of Fie = ‘J? |0t‘dt =41/6 = 04082 or

Determine the output voltage vou(?) in the given circuit of Figure 4 if R= 10 Q,
L=2 H, C=0.25 F and the input voltage v,(t) given by the Fourier series

vs(t) Vout (f)
Q

o R
vs(t) =3+ iz Sinlnst) v

—t
= = L
n=1 ‘

Figure 4
Also plot the amplitude spectrum and phase spectrum for n=1, 2, 3.
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Solutions: I = -
The radian frequency Is given by w, = nw, = na rad/sec. Using phasors, we get for the output voltage:
P \ #elNF. 4
(_i‘,,m.,,) A oK
) r!gyl.
XX o Joal + 70 (—m..r,c"T 1)
Vo Uw) = K(jw) = V(jw) = V()
R+ XellXy ( 1 «Jioal % ( wl, ) a) Iat quademnt (b} Do guanirane
R+ l‘.‘!n__‘_ (4 ~awglC + 1
Joml + e
L . \‘ J -
7 ) R .. L I— ] The real term 5 — 250722 < Oforn 2 1, L P, %
R(-wiLC +1) + fanl thus5 — 25n%8% 4 jnnt is in the 2* quadrant. il )
(<) Wl undns 15 deh cuabenst
Voue(Jo) = x4 V(w) The phase of the denominator § — 25nr? 4 jnx is given by 180 — arctan (—"i——)
o 10-(—(nr)*-2-025+ 1) + jax-2" i 5-28aini)

. ~ jnx The phase of V.. (fw) is given by
Vo0 = 5 g St + U - -
o o - 4 By = 0° ~ [180* - ntnan(sm—_ 215",",“ = §, = =180" 4 arctan (5“. 25“1’,)
el = 5= Z5nint + jnm nm 5 — 250Nt 4 jnm The sude of Vi, (i) Is ghven by
. 4
A o —
‘f(S = 2.5n'2%) + (nm)*
= ForDC(n = 0 or w, = 0), we have:
v (t
¢
Ve =3V = Vour =0V (inductor is short for DC)
* For AC (n‘" harmonic), we have:
&, = —180° + arctan ( e )
" 5 — 2.5n%n? .
’ Vour = 4,20, V
g = 4 nm ;
V(5 —2.5n%a2)2 + (nm)? Voue= 2| —180° + arctan (_z_z)) v
JGE—25n712)? + (nm)2  \ 5= 2.5n%m%/,

= Time domain:

nm
Vot () = Z Ay cos(nmt + 8,) = Z J(S e 2)2 g cos (mrt — 180° + arctan (—5 = 2'5"2”2))

Using cos(x — 180°) = —cos(x), we get

nm

Voue (L) = nmt + arctan (

z 4 (5—2 5n21r2)2 + (nm)? = (

=  The first four terms (n = 1, 2, 3,4) of the harmonics are:

-4
voues(6) = ey 05 (10 — arctan (- zsaw))
=2 Voua(©) = e cos (2t - arctan (353))

n = 3: Voyra(t) =*ﬁ——-:—1———*cos(3nc-arctan( )
* Vaurs (5-2.53%-n2)3+ (3m)2 5-2.5 33 n
(s 2542 rrz)

n=1:

]

4
n= 4 vg(t) =

V(5-2.5.42-n2)%+ (4m)?

= Qutput Signal Spectrum

cos (41’!: — arctan

5 — 2.5n2xr?

)

—0.201cos(1nt — 9.07° ) V
—0.043cos(2mt — 3.84°) V
—0.018cos(3mt — 2.49") V

—0.010cos(4mt — 1.85") V

] Ve (£) = —0.201cos(mt — 9.07") — 0.043cos(2nt — 3.84") — 0.018cos(3mt — 2.

49°) — 0.010cos(4nt — 1.857) + V|

V, ¢ A
nl out|(V) T 2w 3w 4w
P21 g | "o (radisec)
—1.85°
0.043
—-2.49
0.018 —3.84j
0.010
0 7 2m 3m am @ RO
Amplitude Spectrum Phase Spectrum




Find the voltage vy(?) and current iy(7) using Fourier transform method in the
circuit of Figure 5 considering is(1) = 8¢™u(t) A.
2Q

i
&
(-
I~
I~
AAA"A"
[
i
||
I
G":

Figure 5
1 1 2
—F —» — =%
2 joC  jo
1
I, =——1I
1+ —
jo
2
., D jo 2 8
Ne =—7..= - —
Cjo? L27 2+jol+jo
jO
16 .
5= jo

T (s+D(s+2)

A B

=—+

s+1 s+2

where A=16/1=16. B=16/(-1)=-16

Thus.
vo(t) = 16(e — e "Hu(t) V.

10(t)=Cdv(t)




