BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, Pilani

Dubal Campus, Dubai International Academic City, Dubai, U.A.E.
Second Semester, Academic Year 2012-13

ECE [ EEE / INSTR €272 Circuits and Signals
COMPREHENSIVE EXAMINATION (Closed Book)

Date: 4™ June, 2013 ~ Max. Marks: 40
Time: 3 Hrs. Weightage: 40%

NOTE: Answer All Questions.

1. Consider the signal f(t) shown in Fig. below:
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Sketch its: - [1+1+1.5+1.5=5M]
A. f(-); B. f(t+6); C. f(3t); D. ()

2. Let the signal c(t) is the convolution of two functions f(t) and g(t). What is the
time-scaling property of this convolution? Show also that the convolution of
A. an odd and an even function is an odd function

B. two odd or two even functions is an even function.
[2+1.5+1.5=5 M]

3. Consider a signal f(t) which is equal to t for all t.
A. Find the function that represents triganometric Fourier series of f(t) over
the interval (-xn, n), [3M]
B. Sketch both f(t) and its function that represents its Fourier series.  [2M]

4. Find the inverse Fourier transform of F(o) for the spectra illustrated in figure
below. Note that F(w) = | F(o)|eFe! [5M]
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5. A Compact Disc (CD) records audio signals digitally by using Pulse Code
Modulation (PCM). Assume the audio signal bandwidth fo be 20 kHz.
[1+1.5+1.5+1=5M]
A. What is the Nyquist rate”?
B. If the Nyquist samples are quantized into 32768 levels and then binary-
coded, what number of binary digits is required to encode a sample?
C. Find the number of binary digits (bits) required to encode the audio signal
D. What is the sampling rate employed in practical CDs and comment on
how it compares with the Nyquist rate?

6. What is zero-padding employed in the computation of DFT. Compute 4-point
DFT of a signal x[n]={1, 0, 1, 0} using both the FFT algorithms as below
A. Decimation in Time (DIT) FFT Algorithm

B. Decimation in Frequency (DIF) FFT Algorithm
[1+2+2=5M]

7. For the circuit shown in Figure below, the switch is in open position for a long
time before t=0, when it is closed instantaneously.
t =4

A. Write loop equations (in time domain) for t>0 [2 M]

B. Solve for yi(t) and y2(t) by taking the Laplace transform of the Loop
equations found in part (a) - [3M]

8. Write Short notes on: . [(1.5+1.5)+2=5M]

A. Representation of circuits and systems employing
i. Z-parameters
ii. h-parameters
B. Estimation of Complete & Total response of discrete time systems.
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BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, Pilani

Dubai Campus, Dubai International Academic City, Dubai U.A.E.
ECE / EEE / INSTR €272 Circuits and Signals
TEST-2 (Open Book _
Date: 2™ May, 2013 Max. Marks: 20
Time: 50mts. Weightage:20%
NOTE: 1. Answer ALL Questions; 2.0nly the prescribed Text Books & handwritten notes is permitted.

1. A Compact Disc (CD) records audio signals digitally by using Pulse Code Modulation (PCM).
Assume the audio signal bandwidth to be 20 kHz. (1Mx3=3Marks)
a. Whatis the Nyquist rate?
b. If the Nyquist samples are quantized into 32768 levels and then binary-coded, what
number of binary digits is required to encode a sampie?
¢. Find the number of binary digits (bits) required to encode the audio signal.

2. Compute 4-point BFT of a signal x{n]={1, 2, 2, 1} using both the FFT algorithms as below:
{3M+3M=6Marks)
a. Decimation in Time (DIT) FFT Algorithm and
b. Decimation in Frequency (DIF) FFT Algorithm.

3. Afirst-order all pass filter impulse response is given by h{t) = -8(t)+2e " u(t). {2Mx2=4 Marks)
a. Find the zero-state response of this filter for theinput e'u(-t).
b. Sketch the input and the corresponding zero-state response.

4. Find (2Mx2=4Marks)
a. The Laplace Transform of the function f{t}= u{t)-u{t-1)

b. The inverse Laplace Transform of F{s)= TS

5. For the circuit shown in Figure below, the switch is in open position for a long time before t=0,
when it is closed instantaneously.

t=0

__a;'._

H ' ! y! {I) 5'1 {l}
i (¢ _ - +
ov = ‘o l
tE v ir
IH

a. Write loop equations {in time domain} for £>0 {1 Mark)

Solve for y,{t) and y2{t} by taking the Laplace transform of the Loop equations found in

part {a) {3 Marks)
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BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, Pilani
Dubai Campus, Dubai International Academic City, Dubai U.A.E.
ECE / EEE / INSTR C272 Circuits and Signais

TEST-2 (Closed Book)
Date: 2"° May, 2013

Max. Marks: 20
Time: 50mts. Weightage:20%

Key / Answering Scheme
1.

a. the Bandwidth is 20 kHz. The Nyquist rate is 40 kHz.

b. 32768 = 2, so 15 bits are needed to encode each sample.
c. 40000x15=600000 bits/s

2. By DIT and DIF methods student will need to arrive at the same result, as below:

{Fo=6; Fu=-14; Fo=0; Fa=-1+}
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Fis) = = e s e o
(s) #{s+32) s 52 542
To find k set s = 1 on both sides to obtain
o 5 -
7 k42545 = k=-125
and

1.2% 25 125
Fll=-=F+3+3vz
F(8) = 1.250~1 4 2¢ + ™ )ult)




Fit) = uld) — u(t - 1)

and

Fls} = Lla{t)] = Llu{t -~ 1)]

=1 _ 1
3 8

a. Att=0, the inductor current y;(0)=4 and the capacitor voltage is 16 volts. After t=0, the
loop equations are
24 Ldyr . ~
2 = 2}? + 5y {8} ~ dyo{t) = 40
3BV ity + 2922 L -
BT ni(t) + rTE + Apa(t) + yairldr =0
3
b. if,
spn d .
ity &= Yils), %‘- = s¥i{s) ~ 4
. d .
ya(t} = Ya(s), -dﬁf = s¥a(s)

'
1., 16
f yz(r)dr +=> shals) + —

Lt

Laplace transform of the leop equations are

2s¥i(s) = 4) ~ 2sY3(s) + 5Yi(s) = 4¥als) = :f.;i

=2(5Y1(5} — 4) — 4Y1(5) + 23Y3{s) + 4¥a(s) + Tz-?'z(s} + }-é =0

)
Or

(25 + 5)Y1({s) — (Zs + 4)Ya(s) =8+ 5;
—(2s +4)Yi{s) + (25 + 4 + %}Yg{s) = —f - -]:;-

Cramer's rule yields

yi(s)= 8T+ 13 +5) B 16s+28
' 5{s%+3s+25) s s¥+38+23

yr(t) = [8 + 178%™ cos( L — 26.56°)]ult)
3

20(s + 2)
Yalo) = oy T aE)

yalt) = 20v/3e~1 % cos( £ ~ Eyuit)
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BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, Pilani

Dubai Campus, Dubai International Academic City, Dubai U.A.E.
ECE / EEE / INSTR €272 Circuits and Signals
TEST-1 {Closed Book)
Date: 21™ March, 2013 Max. Marks: 20
Time: 50mits. Weightage:20%
NOTE: Answer All Questions.

1. Determine whether the system described by its input f{t} and output y(t) using the equations
below is causal or non-causal. 2 Marks
a. y(t)=f(t-2+f(t+2)
b. yit)=flt-4)+(t)
2. Describe the signal in Fig. below employing the standard signal models & the operations, if any,

needed on them. 3 Marks
-
fin
0 I S
3. The unit impulse response of an LTIC system is hi{t)=e'u{t). Find the system’s (zero-state)
response y(t} if the input f{t) = e*u(t). 2 Marks
4, Find the equation relating the input to output for the series RC Circuit of figure below, if the
input is the voltage f{t) and the outputis: 2+2=4Marks
R=150 a. The loop current x(t)
b. The capacitor voltage y(t).
Wy 0
+
- x{t ¥
0 @ “IT
C=3F
A -0
5. Determine the discrete time convolution of f[k]={0,1,2,3} with g[k]={0,1,0,1}. 3 Marks

6. Define Fourier Transform of a signal and Briefly explain any two of its properties. 1+2=3 Marks
7. Asignal f(t)=Sinc(200xt) is sampled {using uniformly spaced impulses) at a rate of 200 Hz.
a. sketch the spectrum of the sampled signal 1.5 Marks
b. explain if you can recover the signal f{t) from the sampled signal 1.5 Marks
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BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, Pilani

Dubai Campus, Dubai International Academic City, Dubai U.A.E.
ECE / EEE / INSTR C272 Circuits and Signals
TEST-1 {Closed Book}

Date: 21% March, 2013

Max. Marks: 20
Time: 50mts,

Weightage:20%

Key / Answering Scheme
While system (b}is causal because its output is a function of only the current f(t) and the past
input f(t-4} the system {a} non-causal because the output is a function the future input “f(t+2)"
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The signal illustrated in—Fig 1.16a can be conveniently handled by breaking rt up
into the iwo components fi{t} and f2{t), depicted in Figs. 1.16b and 1.18c r&spectwe;y.
Here, f1{t) can be obtained by multiplying the ramp ¢ by the gate pulse u{t} — u{t — 1,

as shown in Fig. 1.16b. Therefore
fi{ty = tfu(t) —u{t -2}

The signal f2{t) can be obtained by multiplying another ramp by the gate pulse illustrated
in Fig. 1.16¢c. This ramp has e slope —2; hence it can be described by —2t-+4-c. Now, because
the ramp has a zero valne at £ = 3, the constant ¢ = 6, and the ramp can be described by

—2{t — 3). Also, the gate pulse in Fig. Li8ecis u{t — 2) — it ~ 3}. Therefore
Falt) = ~2(t — 3) fu(t — 2) — ult - 3)]

and

Fty = fr{e) + falE)
= tful(t) — ult — 2] — 2 — 3} [ulz — 2) — u{t - 3)]
= tuft) — 3(t — 2)ult — 2) + 2(t - 3)u{t ~ 3} B

3. Since (a) e™u(ty*ult)={(1-e™}/-a} u(t) and that (b) u{t)*u{t}=tu{t) we can solve y{t}=h(t)*{t} as:

y(t) = h{t) « f(t) = e u(t) x e tu(t) = te~tu(t)




The loop equakion for the circuit is

Relt) + é f zitidr = f{t) {156}
o
£
5zit}+5 f ziridr = f{1) {157}

With cperational notation, this equation can be expressed a5

152(8) + —g—z(t) = f(1) (1.58)

Multiplying both sides of the above equation by D {that is, differentiating the above
equation}, we obtain

(15D + 5)z(t) = Df(t) (1.59a)
or p
15‘% +Ba(f) = &f- (1.50b)
Moreover,
z(t) = C%
= £Dy()

Substitution of this result in Eq. {1.58a) yields

(3D + )y(2) = f(t} (1.60)

424 P
3 1 y() = 7 (0) (161}
=

5. Student may choose either a mathematical or graphical method of convolving the two discrete
time sequences : f[k]={0,1,2,3} with g[k]={0,1,0,1} and get the result.

6. Student will need to define Fourier transform and briefly explain any two of its properties.
7.

T spetrum of /1) = oc{2lrt) s Flu) = 0.08rect ). The bandwidth of this signal i 10 Ha (20r
rads). Consequently, the Nyquist rate is 200 Ha, that is, we must semple the signal af a rate no lss than 200

sammplssecond. j
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b. Since repeating spectra do not overlap, it is possible to recover f(1).




