ECEN220: Formula Sheet
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TABLE 3.1 PROPERTIES OF CONTINUOUS-TIME FOURIER SERIES

Fourier Series Coefficients

Property Section Periodic Signal
x(#) | Periodic with period T and
¥(t) | fundamental frequency wy = 27/T
Linearity 3.5.1 Ax(t) + By(r)
Time Shifting 3.5.2 x(t ~ t9) _
Frequency Shifting oMot x(t) = M2/ x(1)
Conjugation 3.5.6 x°(1)
Time Reversal 3.53 x(—1)
Time Scaling 354 x(at), @ > 0O (periodic with period 7/a)
Periodic Convolution J x(T)y(t — vydr
T
Multiplication 355 x(H)y(t)
Differentiation ____dx(t)
dt
! finite valued and
Integration J x(1) dt ( 11.1 © .va ue .an
o periodic only if ay = 0)
Conjugate Symmetry for 3.5.6 x(t) real

Real Signals

Real and Even Signals 3.5.6 x(t) real and even

Real and Odd Signals 3.5.6 x(t) real and odd

Even-Odd Decomposition {xe(t) = &u{x()} [x(¢)real]
of Real Signals X,(1) = Od{x()}  [x(r) real]

Parseval’s Relation for Periodic Signals
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TABLE 3.2 PROPERTIES OF DISCRETE-TIME FOURIER SERIES

Property Periodic Signal Fourier Series Coefficients
x[n} } Periodic with period N and ay } Periodic with
yln] J fundamental frequency we = 27/N by | period N

Linearity Ax[n] + By[n] Aay, + Bby

Time Shifting x[n = nol aye /TN

Frequency Shifting eMCTINM ) Apeps

Conjugation x'[n] a’,

Time Reversal x[—n] Aoy

Time Scaling Slr] = x[n/m], ifnisa muftiple of m 1 (Viewed as periodic)

Periodic Convolution
Multiplication
First Difference

Running Sum

Conjugate Symmetry for
Real Signals

Real and Even Signals
Real and Odd Signals

Even-Odd Decomposition
of Real Signals

0, if 7 is not a multiple of m
(periodic with period mN)

> xlrlyln =7l

r=(N)
x[n]yln]

x[n] = x[n 1]

Z <[] Cimte valued and periodic only)
(= ifag = 0

x[n] real

x[n] real and even

x[x] real and odd

{ x.[n] = 8v{x[n]} [x[n]real}
xo[n] = Od{x[n]} [x[n]real]
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Parseval’s Relation for Periodic Signals
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TABLE 4.1 PROPERTIES OF THE FOURIER TRANSFORM
Section Property Aperiodic signal Fourier transform
x(0) X(jw)
¥(®) Y(jw)
43.1 Linearity ax(t) + by(t) aX(jw) + bY(jw)
432 Time Shifting x(t ~ to) e N X (jw)
43.6 Frequency Shifting e/@0! x(1) X(jlow ~ o))
433 Conjugation X" X' (—jw)
435 Time Reversal x(—0 X(~jw)
435 Time and Frequency x{at) |—1~IX (1]—‘3)
Scaling @ a
4.4 Convolution x(t) = y(t) X(jo)Y(jow)
45 Multiplication (Y@ 2‘14*}(;9) Y(j(w — 6))do
434 Differentiation in Time %x(t) JoX(jw)
!
434 Integration I x(0)dt jLwX( Jjw) + mX(0)8(w)
43.6 Differentiation in tx(1) j diX( Jjw)
Frequency @
X(jo) = X'(—jw)
Re{X(jo)} = RefX(— jeo}
433 Conjugate Symmetry x(t) real In{X(jw)} = —Im{X(— jw)}
for Real Signals X)) = |X(~jo)|
(o) = =¥X(~ jo)
4.3.3 Symmetry for Real and  x(¢) real and even X(jw) real and even
Even Signals
433 Symmetry for Real and  x(¢) real and odd X(jw) purely imaginary and odd
Odd Signals
(1) = & i
433 Even-Odd Decompo- %) _ @v{x(t)} L(?) reall g;e{X(j(f))}
sition for Real Sig- x,(0) = 0d{x(t)} [x(Dreal] jIm{X(jw)}
nals
437 Parseval’s Relation for Aperiodic Signals
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TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS

Fourier series coefficients

Signal Fourier transform (if periodic)
o0 ) os
Z agelto 27 Z ayd(w — kwg) ax
o f=—o
. =]
e 2md(© ~ wo) Z; = (), otherwise
a =a, =3
cos wot 78w — wo) + 8w +w)] %
a; = 0, otherwise
i
. K _ = ay = g = 3;
sinwgt 7 [8(w — wp) — 6(w + we)] 4 =0, otherwise
a0=1, ak=0,k#0
x(0) =1 2ar 8(w)

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