Table 3.1: Properties of Continuous Time Fourier Series

Property Periodic Signal Fourier Transform
{x(t)
y(¢)
Periodic with Period T and {ak
2m bk
fundamental frequency wg = T
Linearity Ax(t) + By(t) Aay + Bby,
Time Shifting x(t = to) e~ k@oto = g, ¢ Ko
Frequency Shifting e/Mwotx(¢) Ax—pm
Conjugation x*(t) ay
Time Reversal x(—t) a_g
x(at), a a
Time Scalin T k
g > 0 (Periodic with period E)
Periodic Convolution
x(©) +y(© = [ %@y~ Dar Tayhy
T
+00
Multiplication x(©O)y(0) Z by
l=—0o0
. . 2
Differentiation ix(t) jkw,yay =jk—nak
dt T
t
f x(t)dt 1 1
Integration . - . ( )ak = Ay
(finite value and periodic only if a, = Jkw, jsz”
0)
( ay =a-y
. R = Re{a_
Conjugate Symmetry for Real . elag) = Rela)
- x(t) is real Im{a;} = —Im{a_;}
Signals
lag| = la_l
Lay = —Xa_g

Symmetry for Real and Even

x(t)is real and even

a, isreal and even

Signals
Symmetry;?énlz:asl and Odd x(t)is real and odd ay is purely inmaginary and odd
Even-Odd Decomposition for x-(t) = Ev{x(t)} [x(t)real] Ref{a;}
Real Signals xX,(t) = 0d{x()} [x(t)real] jim{a}
Parseval’s Relation for Periodic 1 =
Signals ?f (©)*dt = z el
T k=—c




Table 3.2: Properties of Discrete Time Fourier Series

Property Periodic Signal Fourier Transform
{;Bﬂ Periodic with Period N and fundamental
a
21 {bk Periodic with Period N
frequency wgy = N k
Linearity Ax[n] + By|[n] Aay + Bby,
. iy o2
Time Shifting x[n — no] a e TR
Frequency Shifting ejM(ZW")nx[n] Ap—m
Conjugation x*[n] a’y
Time Reversal x[—n] a_g

Time Scaling

X(my[1]
x [E] if nis amultiple of m
= m

0 if nisnot amultiple of m
(periodic with period mN)

1 . . .
—ay (viewed as periodic
With period mN)

Periodic Convolution

> lrlyin-1]

Nakbk
r=<N>
Multiplication x[n]y[n] Arbye—y
I=<N>
First Difference x[n] —x[n —1] (1 — e~Jk2m/Nyq,
n
1
Running Sum k_z x[k]

Finite valued and periodic only if ay, = 0

_jkamy | %
(1-e7)

Conjugate Symmetry for Real
Signals

x[n] is real

ay = a_k*
Re{a;} = Re{a_;}
Im{a,} = —Im{a_;}

L lag| = la_gl

<Iak = —{a_k

Symmetry for Real and Even
Signals

x[n]is real and even

a, isreal and even

Symmetry for Real and Odd Signals

x[n] is real and odd

a, is purely inmaginary and odd

Even-Odd Decomposition for Real
Signals

[x(t)real]
[x(t)real]

xy[n] = Ev{x[n]}
Xo[n] = Od{x[n]}

Re{ay}
jim{ay}

Parseval’s Relation for Periodic
Signals

1
= > Il =

n=<N>

> lal

k=<N>




Table 4.1: Properties of the Fourier Transform

Property Aperiodic Signal Fourier Transform
x(t) X(jw)
y() Y(jw)
Linearity ax(t) + by(t) aX(jw) + bY (jw)
Time Shifting x(t —tg) e Jo X (jw)
Frequency Shifting eJ@otx(t) X(j(w — wy))
Conjugation x*(t) X*(—jw)
Time Reversal x(—t) X(—jw)
. . 1 Jjw
Time and Frequency Scaling x(at) HX (7)
Convolution . .
x(t) * y(t) X(jw)Y(jw)
Multiplication x(O)y(t) ZLX(jw) *Y(jw)
s
Differentiation in Time Ex(t) joX(jw)
t 1
Integration f x(t)dt j_wX(jw) + X (0)6(w)
. o d
Differentiation in Frequency tx(t) j d_X (jw)
w

Conjugate Symmetry for Real Signals

x(t) is real

X(jw) =X (—jw)
Re{X(jw)} = Re{X(—jw)}
Im{X(jw)} = —Im{X(—jw)}
XGw)| = 1X(—jw)l
WX(jw) = —2xX(—jw)

Symmetry for Real and Even Signals

x(t)is real and even

X(jw) isreal and even

Symmetry for Real and Odd Signals

x(t)is real and odd

X(jw) is purely inmaginary and odd

Even-Odd Decomposition for Real
Signals

xr(t) = Ev{x()}
xo () = 0d{x(8)}

[x(t)real]
[x(t)real]

Re{X(jw)}
JIm{X(jw)}

Parseval’s Relation for Aperiodic
Signals

1

+coo +00
j_w I (6)|2dt =%j_w X () 2w




Table 4.2: Basic Fourier Transform Pairs

Signal Fourier transform Fourier Series Coefficients (if periodic)
Z a, e/kwot 21 Z a,6(w — kwgy) ag
k=—o k=—c
Jjwot _ a =1
ere 2m8(w — wo) a, = 0 otherwise
_ _ 1
cos(wyt) [6(w — wy) + 6(w + wy)] @ =0a-1=75
a, = 0 otherwise
T — ——
sin(wgt) ]— [6(w — wo) — (0 +wp)] | * -1 2j
a, = 0 otherwise
a,=1, a,=0, k+0
x(t) =1 218 (w) (this is the Fourier series representation for
any choice of T>0)
1, lt] <Ty

x(t) = {

T

And
x(t) =x(t+T)

2 sin(kw,T.
ZM@(w_kwo)

k

k=—o

woTy . (kw0T1> sin(kwyT;)
sinc =
km

i 6(t —nT)

21 - 5( 27rk>
T w

1
ay =7 forall k

T
n=-oo k=—o0
1, t|<T .
=l Ly 2oty |
’ 1 w
sin(Wt) S (L lwl<w |
e xGar =, W< ol
8(0) =
1
u(t) —+né(w) | -
jw
6(t —ty) e~Jwto |
e~ *u(t), Refa}>0 1 e [ —
a+jw
te~*u(t), Refa}>0 e
(a +jw)?
t(-1 . 1
- -_— e e
T e % u(t), Re{a}>0 @+jo)"




