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TABLE 4.1 PROPERTIES OF THE FOURIER TRANSFORM
Section Property rAperiodic signal Fourier transform
x(®) X(jw)
0] Y(jo)

4.3.1 Linearity ax(t) + by(t) aX(jw) + bY (jow)
432 Time Shifting x(t — 1) e~ X(jw)
436 Frequency Shifting e/ x(1) X(j(w — wg))
433 Conjugation X' () X' (—jw)
435 Time Reversal x(—1) X(—jw)
435 Time and Frequency x(at) —l—X (J—w)

Scaling : la] " a
4.4 Convolution x(£) * y(t) X(jo)Y(jw)
45 Multiplication )y %,J“Bc(;e)m(m— 6)do
434 Differentiation in Time g? x(t) JwX(jw)

t

43.4 Integration J x(2)dt fl-ch (jo) + 7X(0)é(w)
43.6 Differentiation in ix(t) J ad—X (jw)

Frequency ) @

X(jo) = X*'(— jw)
‘ Re{X(jw)} = RelX(—jow)}

433 Conjugate Symmetry x(¢) real < Im{X(jow)} = —9Im{X(— jo)}

for Real Signals X(jw)l = X~ jo)|

| X (o) = —LX(—jo)

433 Symmetry forRealand  x(7) real and even X(jw) real and even

Even Signals
433 Symmetry for Real and  x(f) real and odd X(jw) purely imaginary and odd

Odd Signals
433 Even-Odd Decompo- xe(®) = gv{x(t)} Lx(r) reall f;e{X(J?)}

sition for Real Sig- Yo = 0d{x(0} [x(®)real]l  jIm{X(jw)}

nals
43.7 Parseval’s Relation for Aperiodic Signals

L |x(®)dt = -21—17 J ) X(jw)Pdw




TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS

Fourier series coefficients

Signal Fourier transform (if periodic)
+oo . +o0 - .
> ageltr’ 21 > ad(w — kwo) .
P k=—o
. ‘ ay = 1
Jwot 2md(w — _ .
¢ m(@ = wo) a, = 0, otherwise
— -
cos wot 7[6(w — wp) + §{w + wy)] @ = A= g .
a, = 0, otherwise
1
. ™ a = —a-1 = 3
t —[é - — 8w + %
St j [6( = @o) @+ wo)) a, = 0, otherwise
a=1 a =0 k#0
x@®) =1 27 8(w)

this is the Fourier series representation for
any choice of T > 0

Periodic square wave
il < T

Fl

1,
_ . +o . A
x(t) = {0, T, <l =T z 2 sin kwo Ty 8@ — kaoy) woT, c kawoTy _ sinkwoT,
: < k aT km
and k==
x(t +T) = x(t)
o - 2r < - 27k 1
n;ma(t—nT) T ;ﬁa(wf—,r—) a;, = ;fforallk
1, i< 2sinwT
t i ——e——— —
x ){ 0, [{>T @
sinWt v L el<wW
5(1) 1 —
® L mo)
u o 7 &(w —
8(; — tO) e~ il —
e “u(t), Rela} > 0 ! —
’ a+ jw
te “u(t), Refa} > 0 1 —
’ (a+ jo)
o ) 1 _
Refa} > 0 (a+ jo)




(00)

x(t) = %f X(jw)e/*tdw

X(jw) = joox(t)e_jwtdt

e/ = cos(0) + j sin (0)

0, t<o0

u(t) = {1, t>0
0, t+0

8(t) = {+oo, t=0



Problem 1) [25 pts]

a. [20 pts] Determine and plot the magnitude and the phase of the Fourier Transform of the

function:
sin (t %)

tm

/A

A(®) = 6(0) = (cos (¢ 5) = sin ¢ 7))

b. [5 pts] Assume h(t) is the impulse response to an LTI system. Determine the output for the
following inputs:

i. x,(t) = 2cos (t 2?”)

ii. x,(t) =sin(4t) + 1



Problem 2) [40 pts]

a. [20 pts] When the signal x(t) is sent into the LTI system with transfer function H,(w), the
output is y,(t). Determine the transfer function H,(w)

x(t) = u(t+2) —2u(t) + u(t —2)

Yo(t)

b. [5 pts] Evaluate

. 2
(f 1 X(Gw)|? dw>
C. [15 pts] x(¢) is sent into a new system with impulse response h,(t) = 8(t — 1) + §(t + 1)

Determine and plot the output y, (t)



Problem 3) [20 pts]

e

a. [10 pts] If F(jw) = B(jw)C(jw) and G(jw) = 4= B (22) ¢ ()

Write g(t) in terms of f(t)

b. [10 pts] Give an example of an input x(t), a system H(w), and an output y, (t) such that:
x(t) » H(w) = y1(t) and x(2t) = H(w) = y,() # y1(2t)

(i.e. show that it is not generally true that the input x(2t) has the output y; (2t) )



Problem 4) [15 pts]

Suppose the signal g(t) is sent into a system H(w) = (2 + jw)

Unfortunately, we don't know what g(t), but we do know that

G(jw) =jiF(—ja)) where F(jw) =

2—jw

Determine the output, y(t), of the system
(Hint: You can do this without performing calculus)

Bonus: [5 pts] Determine the Fourier transform of

*®) =575



