MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Electrical Engineering and Computer Science

6.003: Signals and Systems—Spring 2003

Quiz 2
Thursday, April 24, 2003

Directions: The exam consists of 4 problems on pages 1 to 13. Please make sure you have
all the pages. Tables of transforms and properties are supplied to you at the
end of this booklet. Enter all your work and your answers directly in
the spaces provided on the printed pages of this booklet. Please
make sure your name is on all sheets. DO IT NOW!. All sketches
must be adequately labeled. Unless indicated otherwise, answers must be
derived or explained, not just simply written down. This examination is
closed book, but students may use two 8 1/2 x 11 sheets of paper for reference.
Calculators may not be used.
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Check your section Section Time Room Rec. Instr. TA

] 1 10-11 36-112 Prof. Daniel Mario

M 2 11-12 36-112 Prof. Daniel Mario

] 3 12-1 36-112 Prof. D. Freeman Salil, Peter

M 4 1-2  36-112 Prof. D. Freeman Salil, Peter

O] 5 10-11 36-114 Prof. W. Freeman Stephen

| 6 11-12 34-302 Prof. W. Freeman Stephen

| 7 12-1 34-304 Taka Siddhartan, Ariel
| 8 1-2 34-304 Taka Siddhartan, Ariel

Please leave the rest of this page blank for use by the graders:
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Problem 1 (25 points). _
Let x[n] represent a discrete time signal whose Fourier Transform X(e’®) is given by

X(e®) = Zc‘,ox[n]e‘f‘”"

n=—o0o

where the real part R{X( e/® )} is zero and the imaginary part 3{X{( ej“’)} is given below.
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Part 1a. Let y[n] represent the convolution of x[n] with x[n}, i.e., y[n]=x[n] * x[n]. Sketch the real and
imaginary parts of Y(e’®), the Fourier transform of y[n] on the axes below. Label all axes.
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Part 1b. Let w[n] represent the product of x[n] with (—=1)", i.e., w[n]= (—1)" X x[n] = cos(ntn) X x[n).
Sketch the real and imaginary parts of W(e/®), the Fourier transform of w[n] on the axes below.

Label all axes.
x[n] —»?—» wln]

(-1)"* = cos(mn)
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Part 1c. Let z[n] represent the product of x[n] with x[n], i.e., z[n]= x[n] X x[n]. Sketch the real and
imaginary parts of Z(e’/®), the Fourier transform of z[n] on the axes below. Label all axes.
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Problem 2 (25 points).

Consider the following communications system where x(z) is the message, y(z) is the signal that
is transmitted and then received, and z(?) is the decoded signal.

transmitter receiver
w(1) [ Bandpass r(t) [ Lowpass
x(t) filter H,(jm) > (1) ) filter H,(jw) > 2(1)
p(1) - cos ot

BEERES

0 T 2T 3T

The filters are ideal with cutoff frequencies indicated below.

H \(jw) ’ Hy(jo)

T A

®

—47 31 0 3n 4m -, 0 o,

Assume x(1) is bandlimited, with a Fourier transform given as follows.

X(jo)
1
)
To?
Also assume that the Fourier transform of y(t) is Y(jw®) as shown below. -
(jw)
1 -
\/ \/ m
-4 -3n 0 3n 4n
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Part 2a. Determine the period T of p(1).
s
T= | 2 7 L,j _
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Part 2b. ‘Suppose o) = 7n/2. Sketch the resuiting Fourier transfor ja3).of r(2). Fully label all axes.
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Part 2c. Determine values of ®, and arﬁ A so that z(t)=x(t). [There may be more than one valid solution.]
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Problem 3 (25 points).
Consider the following three Laplace transforms with unspecified regions of convergence (ROC).

1

Transform, i 524254626 o
. D
Transform 2: 24253
Transform 3 :
ransform 3:
ansform 2435 2

Identify which transform was generated by each of the following time functions, and give the
associated region of convergence.

. .
Which transform \ \/

of \/ vv\/’ Which ROC | [l (1) = = |

L |
-1 0
B.
0| t
/ Which transform (} \/
WhichRoC |~V <« Pelc) L"’f
L | !
-1 0 1
C.

0 | d Which transform /Z— / |

, Which ROC |~ ¢ Wel) ¢ 3
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Problem 4 (25 points)
Consider a bandlimited, continuous time signal x(z), whose Fourier Transform X(j®) is given below.

X(jo)
1
(6]
-0, 0 o,
Sampling x(t) with a sampling period of 8 seconds produces a discrete signal y[n] such that
y[n] =x(8n).
The signals x(t) and y[n] are illustrated below.
x(1)
— t (seconds)
0 8 16 24 ..
yln]
I”HIHHIMI”IL
012 3 ..

We wish to design a discrete time system that will take y[n] as input and generate a discrete time
signal z[n] where z[n] = x(5n).

yln] —> DT ——> z[n] = x(5n)

Notice that z[n] is equal to the sequence that would have resulted if x(z) had been sampled with

a sampling period of 5 seconds.
val'H[’Lj \»// G lm/W/J{ F3ra w8 ! }L’L\

To okt (e, ]bw 3
o ) G (o VVolIdn N the S leR Ve 4,,%4/‘,}

Them oo do ll]””””H“HHHM]H”“ n

0123..

A\ (/T — DT (ownvt lf_s'of\ o + C%\ es 7"1,\€ -(é/“c?, axet g
L — S P~
Y =Wl = &, T]’\ls 9N°: v s The orvoina| T

4 caled L\) \ 5, yf/e;i—d&eé ‘L) €, Permweee wth Pevy 2z

£\ A N

page 11 Qo Qe




DAA) ?D/Lyg

Suppose we implement the transformation as follows.

Let y[n] represent the input to the discrete time system.
Let wy[n] represent the result of inserting 7 zeros between adjacent samples of y[n] so that

wiln] = y[n/8], if n is an integer multiple of 8
= 0, otherwise

Let wy[n] represent the result of filtering wiln] with a lowpass filter with a cutoff frequency Q.
Let w3[n] represent the sequence containing every fifth sample in waln], i.e., w3[n] = wy[5n].

Lowpass filter

1 0 r o LN I S S
-2n —Qd' Q4 21

yin] —! T8 wiln]

Part 4a. Plot Wy( ej‘Q) and W2(ej9) the Fourier transforms of w[n] and wy[n], respectively,
for the case when @, = 7/9 and Q;=7/8 and A = 1. Fully label all axes.
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Part 4b. What are the maximum value of the bandlimit w,, so that w3[n]=z[n]?
What is the corresponding value of the cutoff frequency 4 and filter amplitude A?

maximum value of ®,, = ’TT/ g corresponding valﬁe of Q = 177@ | \/
. 7
corresponding filter amplitude A = $ \/
—
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