MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Electrical Engineering and Computer Science

6.003: Signals and Systems—Spring 2008

Quiz 1
Thursday, March 13, 2008

Directions: The exam consists of 5 problems on pages 2 to 19. Please makgosLhave all the
pages.Enter all your work and your answers directly in the spaces povided
on the printed pages of this booklet. Please make sure your nze is on all
sheets. DO IT NOW!AIl sketches must be adequately labeled. Unless indicated
otherwise answers must be derived or explainednot just simply written down.
This examination is closed book, but students may use on@ & 111 sheet of
paper for reference. Calculators may not be udémte that the problems are not
in the order of difficulty. Solve the problems that you can fird.
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| Problem | No. of points | Score | Grader |
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Problem 1 (12 Points)

Consider the following three systems:

e System A
y(t) = Re{x(t)}
e System B
B de(t+1)
y(t) = alt) + —
e System C
y[n] = 20+ g n] wo # 0

wherez andy are the input and output of each system, respectively.

Circle YES or NO for each of the following questions for eatthese systems (no explanation
is required).

System A System B System C

Is the systentinear? YES NO YES NO YES NO

Is the systentime invariant? | YES NO YES NO YES NO

Is the systentausaP YES NO | YES NO | YES NO

Is the systenstable? YES NO | YES NO | YES NO
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Problem 2 (20 Points)

The impulse response of an LTI system is given by

h(t)

(a) Compute and sketch below the step respaiiseof the systemi(e. the output when the
input is the unit step(t)) .
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(b) One cycle of a sine wavet) (shown below) is the input to the system. Compute and sketch
the corresponding outpuytt).

(t)
41
7 6 5 4 3 2 1 Jo 1 52 3 4 5 & 7 ¢
+1
y(t)
} } } } } } } } } } } } } } t
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Problem 3 (21 Points)

Consider the signat[n] shown below:

S I I R

9 ts 7 6 5 413tz —1Tl0 112 13 7 5 6 {7 I3

(@) Whatis the maximum number of independent Fourier sedeficients that this signal can
have?

Maximum number =

Brief explanation:

(b) Derive the Fourier series coefficientsof z[n).
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(c) On the graph below, plot the phaseupf

Aak

10
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Problem 4 (21 Points)

For each of the following systems, determine whether an ¥$tesn exists that producest)
for the inputz(t).

(@)

x(t) =5+ cos(mt + %)

A y(t) = cos’(51)

System ACAN / CANNOT be an LTI system(circle the right answer)

Brief explanation:

(b)

o(t) —— B [yt

Wherez(t), y(t) are periodic signals with fundamental periddandZ, respectively.

System BCAN / CANNOT be an LTI system(circle the right answer)

Brief explanation:
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(©)

Wherez(t), z2(t) andy(t) are periodic signals with fundamental period T. The Fourier

series coefficients;, of x;(¢) andby, of x,(t) as well aone periodof y(t) are given below.
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y(t)
1
7T i G t
2 4 4 2
11

System GCAN / CANNOT be an LTI system(circle the right answer)
Brief explanation:
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Problem 5 (26 Points)

Suppose we have an LTI system with an impulse respbpge

2 1 |01 9 3 n

(@) Find the frequency respongg(e’~) of this system.

H (%) =

(b) Given the following input signat; [n], find out the output signaj, [n].

xp[n] =1

Yy [n] =

(c) Given the following input signat. [n], find out the output signal. [n].

16
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(d) Consider the following system:
Given the following input signat|n|:
z|n
7 7 *7
LTI LT
—4 =3 =2 =1 0 1 3 4 5

Evaluate this expressior]1w:1im Yy [n].
— 400

[ ——+00

lim yu [n] =

(e) Fora DT periodic signal|n| with arbitrary periodN, evaluate lim y,, [n].

M—+oc0

M —+o00o

lim Ymr [n] =
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