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TABLE 4.1 PROPERTIES OF THE FOURIER TRANSFORM
Section Property Aperiodic signal Fourier transform
x(r) X(jw)
) Y(jw)
43.1 Linearity ax(t) + byt aX(jw) + bY(jw)
432 Time Shifting x(r —1p) e 1 X(jw)
4.3.6 Frequency Shifting e/ x(1) X(jlw — wqy))
433 Conjugation x'(0) X' (— jw)
435 Time Reversal i e X(— jw)
435 Time and Frequency x(at) l X (E)
. |lal a
Scaling
44 Convolution x(t) * v(t) X(jo)Y(jw)
4.5 Multiplication x(r)v(n il;rJua:XUG) Y(j(w — 6)d6
434 Differentiation in Time %.\'U] JwX(jw)
434 Integration J x(ndt }%X(jm) + 7w X(0)6(w)
4136 Differentiation in rx(t) i iX (jw)
: dw
Frequency
X(jw) = X'(— jw)
Re{X(jw)} = Be{X(— jo)}
433 Conjugate Symmetry x(r) real In{X(jow)} = —Im{X(— jw)}
for Real Signals X(j)| = [X(~ jo)
IX(jw) = —4LX(~ jw)
433 Symmetry for Real and  x(r) real and even X(jw) real and even
Even Signals
433 Symmetry for Realand  x(r) real and odd X(jw) purely imaginary and odd
QOdd Signals
A1) = Ev{x I @R i
433 Even-Odd Decompo- *() vx()} - [x(@) real] . ae{X(,u.u]}
sition for Real Sig- (0 = 0dlx(} [x()real]  jIm{X(jew)}
nals
4.3.9 Parseval’s Relation for Aperiodic Signals

[ Ix(n)Pdt =

O o i
EL X(jw)de




TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS

Fourier series coefficients

Signal Fourier transform (if periodic)
z agelkot 2 Z ad(w — kwy) ay
Pa— k=
. = 1
el 278 (w — wy) "

a; = 0, otherwise

1

a = a- = ;5
COs ot 7[d(w — wg) + 8w + wp)] : : S b
a; = 0, otherwise
T a = a4 = +
sinwgf 8w — wgy) — @ + wy)] ad
j a, = 0, otherwise

a=1 a =0 k#0
x(t) =1 2md(w) this is the Fourier series representation for
any choice of T > 0

Periodic square wave

I, [f|<T, P _
x(r) = [0’ TI < m = 7? Z 2sin A(U{]TI 8(w _ kwu) qu| Sinic (kwl_]T| ) - sin kng|
2 k T ka
and L
x(t+T) = x(1)
S5 29T &= 2wk 1
’zxﬁ(rfnT) ?AZIS(LU— T) ay = Tforallk
X(f){ 1 =T 2sinwT) -
0, |f| >T w
sin Wt X(jw) = { I, |l <W o
mt 0, |lwl=>=W
o(1) 1 —
1
u(r) — +md(w) —
jw
8(; o) e jot e
ot 1
e “u(t), Refal >0 - -
a+ jw
te “"u(t), Refa} >0 1 —
(a+ jw)
L ematy(r), 1

(n—1)! =ty
Rela} > 0 (a+ jw)




A few more equations:

o)

x(t) = %j X(jw)e/*tdw X(jw) = foox(t)e‘j“’tdt

x(t) * h(t) = foox(r)h(t —1)dt

1. Evaluate the convolution
y(®) =f@) = f(t)
Where

f@®) =t u®)



2. Given the relationships

y(t) = x(t) * h(t)
And

g@) = x(5t) * h(5t)

And that x(t) and h(t) have Fourier transforms of X(w) and H(w), show that g(t) has the form

g(t) = Ay(Bt)
And determine the values of A and B.



3. Determine and sketch the Fourier transform of

_sin(t) sin(t/2)
- 2

x(t)
Hints:

(1) Multiplication in time corresponds to in frequency.
(2) The Fourier transform pair of a sinc function is



4. (a). Given that

j:'
x(t) e X(jw)
Express the Fourier transform of y(t) in terms of X(jw), where y(t) is defined as

2

0
y() = 55 x(E = D)

(b). For
P(jw) = cos(2w) sin(w/2)
Is the corresponding time-domain signal p(t)

(i) Real, imaginary, or neither?
(ii) Even, odd, or neither?

Explain your answers / show your work!
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