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Part - 1 (40 pts)

Student ID Name
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Instructions: This part needs to be solved on this sheet, and is to be returned to the exam staff in the first
60 minutes.

Problem 1. Select ALL (upto three) correct choices. Every incorrect answer would earn a penalty
of 2/3 points but the total marks of any multiple choice question will not be less than zero.

(1) For continuous-time (CT) signals, choose the false statement(s):

(a) A CT signal which is periodic with period 27 is also periodic with period 47 .
(b) The sum of two periodic CT signals of different periods is always periodic.

(c) All periodic CT signals have a Fourier Series representation.

(d) The sum of two non-periodic CT signals is never periodic.

(2) Consider the series/cascade connection of the two CT LTI systems with impulse responses denoted by
hi(t) and ho(t), Which of the following statements are true?

(

(a) y(t) = x(t) * hn(t) * ha(t)
(£) * ha(t) * 6(t) * ha(t)
(t)

T
T
T

)
(b) y(t) =
(c) y(t) = (t) * (ha(t) x ha(t))
(d) y(t) =hi(t) «6(t — 1)« x(t) * 6(t + 1) * ha(t)

(3) For the discrete-time signal z[n] = sin(n/16), which of the following is/are true.

(a) The Fourier series of the signal has only one non-zero term.
(b) The Fourier series of the signal has two non-zero terms.

(c) The signal does not have Fourier series.

(d) The Fourier series of the signal has 16 non-zero terms.

(4) Which of the following represent the impulse response of a stable LTI system?

u[n] — uln — 10] (c) hln] = é[n]
(b) hln] = u[-n — 10] — u[n — 10] (d) hln] = 1.01"u[n]

(5) What is the even part of §(¢)?
<Recall Even part of a signal z(t) is equal to 1z (t) + %x(—t))

2
(b) (t) (d) o(t)



(6) Choose the correct statement(s) for the continuous-time system described by the following input-output
relationship y(t) = z(t)u(—t).
(a) The system is non-linear
(b) The system is stable
(¢) The system is non-causal
(d) The system is memoryless

(7) For the continuous-time periodic signal shown below:

Fx(t)
2 4

N

14

Figure 1: Real CT Periodic Signal x(t) with Fundamental Period T' = 4

What is the DC value of the signal or the Fourier series coefficient ay?

(a) -1/2 (c) 2
(b) O (d) 1/4

(8) Consider the periodic continuous-time signal z(t), which is the absolute value of the real-valued signal
in previous problem. (For example it goes through the point (1, 1) instead of (1,—1) and still passes
through (1.5,0) ). Which of the following is/are true?

(a) |z(t)| has same Fourier series coefficients as of x(t).
(b) |z(t)| is a power signal

(¢) |x(t)] has the same DC value as z(t)

(d) |x(t)| has the same power as z(t)

(9) What is the fundamental period of continuous-time signal 2 cos(t + 7/4) + 4sin(nt/3)?
(a) 3
(b) 2
(c) 6
(d) Undeﬁned the signal is not periodic and has no fundamental period.
(10) What is the fundamental period of the DT periodic signal

z[n] = (—1)>" cos(wn/3)?

(a) 3 (c) 2
(b) 6 (d) 12



(11) Choose the correct statement(s) for the continuous-time signal

x(t) = sin(wt/3) — 2 cos(nt/4 — 7/5).

(12) Suppose z(t) given below (left) is the input signal to a continuous-time system and y(¢) given below
(right) is the output. Which of the following is/are correct about the causality of the system?

Figure 1: Input z(¢) and output y(t) for some continuous-time system.

The system is causal.
b

)

) The system is non-causal

(¢) The system is causal only if it is LTL.
)

(a
(

(d) The system could be causal or non-causal because there is not enough information.

(13) Choose the correct statement(s) for the continuous-time periodic signal (offset sinusoidal) drawn below

The DC component value is zero.
b

)

) The DC component value is strictly greater than zero.

(¢c) The number of non-zero spectral coefficients of the signal are 3.
)

(a
(

(d) The number of non-zero spectral coefficients of the signal are 2.



(14) Consider the system described by y(t) = (z(t + 1))", where x(t) is the complex input, y(t) is the

(17)

(18)

(19)

(20)

complex output and (-)* denotes complex conjugation. The system is

(a) Non-linear. (c) Non-causal.
(b) Causal. (d) Time-varying.

Let x(t) be a continuous-time periodic signal with a fundamental period T'. Let y(t) = z(t — 2). Then
y(t) = y(t + P) for

(a) P=T. (c) P=2T.

(b)y P=T+2. (d) P=-T.

Let 6(t) be the CT unit impulse function. Which of the following is/are true?

o0

@ [ s@)d

)/_ d(t—1)dt=0 >

The response of an LTI system to the input 26[n — 1] is an output g[rn]. What is the impulse response
h[n] of the system?

/ 5t (c) x(t)é(t—to)_x(t—to)é(t—to)

2g[n — 1] (c) hln] =
(b) hln] = 0.56[n + 1] (d) hln] =

If a signal z[n| is non zero only in the range of —5 < n <5 and another signal h[n] is non zero in the
range of —7 < n < —2, then the signal y[n] = z[n] * h[n| would

(a) be contained in the region —7 <n <5

(b) be contained in the region —12 <n <3

(c) have non zero values when n+5 > —7and n+5 < —2

(d) have non zero values when n+5 > —7and n —5 < —2

Consider a discrete time periodic signal z[n] = cos(%n). The Fourier series expansion for a period

N =9 and wg = %\T,r would have

Suppose the continuous-time signal x(t) = €/® is input to a continuous-time LTI system with impulse

response h(t) and frequency response at w, = 5 given by H(j5) = v/3 — j. The convolution of z(t) and
h(t) is given by

(a) 9 (5t—/6) (c) (\/§+1)€j5t
(b) 5(v/3 1) d) (V3)elt=D
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Part - 2 (60 pts)

Problem 2. (15 pts)

(a) (3 x2 = 6 pts) For each of the following systems described by the input-output relationships with
z[n] (or z(t)) and y[n] (or y(t)) denoting the input signal and output signal respectively, determine
whether the system is linear and causal. Briefly justify your answer. No credit will be given without
correct justification.

t

System 1: y(t) = / x(T —2)dr
t—10

Property ‘ Yes/No ‘ Justification

Linear

Causal

System 2: y[n] = cos (W(n + 1)>x[n]

Property ‘ Yes/No ‘ Justification

Linear

Causal




(b) (5 pts) Consider a power signal

(c) (4 pts) Let z(t) = € [u(t +4) —u(t — 2)] Sketch y(t) = x (=2t + 1).




Problem 3. (10 pts) Let four continuous time LTI systems be connected in a configuration shown in Fig. 2.
The impulse response of each system is given by:

hi(t) =u(t —3) —u(t — 5)
ho(t) =6(t+2), hs(t)=0(t—2), ha(t) =08(t+5)

ha

z(t) —— hy — y(t)

Y
h3

Y

;
i

Figure 2: Cascade connection of systems.

(a) (5 pts) Determine and plot the impulse response h(t) of the overall LTI system such that y(t) =
x(t) * h(t).

(b) (5 pts) For a unit step as an input signal, that is, z(¢t) = u(t), determine and plot the output y(¢) of
the overall system.




Problem 4. (15 pts)

(a) (10 pts) Consider an LTI system with impulse response h(t) = e <u(t —2)—u(t— 4)) If the input to
the above system is z(t) = (u(t +2) —u(t+ 5)), determine the system’s output.
(b) (5 pts) A cntinuous Time LTI system has input signal x(¢) and output signal y(t) related through
t
y(t) = /t , e_(t_T)ac(T —2)dr

What is the impulse response for this system? That is, determine h(t) such that y(t) = z(t) * h(t).




Problem 5. (10 pts)

(a) (5 pts) Determine the Fourier series coefficients of the following signal

o0

P(f)=2 3 6t —dn)+ 5 D (-1t~ 2n).

n=-—o0o n=-—o0o
(b) (5 pts) Consider an LTT system with input z(¢) and output y(¢) given by
x(t) = 15sin(107t) + 5 cos(307t),

y(t) = 20 cos(107t).

If H(jw) = / h(t)e 7“tdt, where h(t) denotes the impulse response of the LTI system, determine
H(jw) for w = 107, —107, 307, —30.

Hint: Use the fact that the signal ¢/“! is an Eigenfunction of LTI systems with the corresponding
Eigenvalue equal to H(jw).




Problem 6. (10 pts) Consider the following discrete-time periodic signal

2 - 4
z[n| = (—1)" cos <57rn + 7;) 4+ e72™sin (;n + 72r>

Determine (i) a period N for z[n], and (ii) the corresponding Fourier series coefficients ag, a1, ...,an_1.

10



