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This exam is closed-book in nature. You may use the provided table of Fourier
Transform relationships, but no calculator is allowed.
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1. Fourier Transforms (15 points)

If x(¢)is given by the following function

~(1=1)?
x(t)=2e *

Find the Fourier Transform X (@) = {x(t)} .
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2. Fourier Analysis of LTI Systems (40 points)

Assume x(t) = 2sinc [2 (t— 3)] cos(2(z —3)) is the input to an LTI system with transfer
/4

3¢ |wk2

function H(w) =
0 else

a) Determine the Fourier transform X (@) of x(¢)

b) Accurately sketch the magnitude and phase of X (w)

¢) Determine the energy in x(r)

d) Accurately sketch the magnitude and phase of the system output in the frequency
domain

e) Determine the system output y(r)
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3. Deriving Fourier Transform Pairs (25 points)
Starting from the definition of the Fourier Transform and Inverse Fourier Transform

X(w)= °]'x(t)e"j""a’t and

17 o
x(t)-—a;; J, X(@)edw

Derive the following Fourier Transform pairs. NOTE: YOU WILL ONLY GET CREDIT
IF YOU START FROM THE INTEGRALS ABOVE. NO CREDIT WILL BE GIVEN
FOR USING THE TRANSFORM TABLES.:
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4. Fourier Series (20 points)
Assume x(¢) is a periodic signal with Fourier series representation

k=oo

1 .
x(t) = Jjk1.5¢
© kzz_,,,, 1+ jk

x(t) is the input to an LTI system with transfer function

H(jw)=

I+ joa

Determine the value of & so that the ratio of the average power in the DC component of
the output is equal to 10 times the average power in the second harmonic of the output

signal.
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Some Potentially Useful Relationships

T oo

E. =tim [|x(0fdi= (0
-T o

P =lim— 1j|x(t)|2dt
Te- 2T 3

e =cos(x)+ jsin(x) j=+-1

cos(x):%[ej"+e"j"] sin(x)=—21—;[ej"—e‘j"]
J

cosz(x)=—1—+lcos(2x) sinz(x)z—;——%cos(Zx)

rect(—t———t—o)zu(t—to+1)—u(t—to ~I)
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