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Table 2: Properties of the Discrete-Time Fourier Series
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Property Periodic Signal Fourier Series Coefficients

z(t) | Periodic with period T and ag

y(t) [ fundamental frequency wo =2mw/T by
Linearity Ax(t) + By(t) Aay, + By,
Time-Shifting x(t — to) ape Ikwoto = g, =Ik(m/T)to
Frequency-Shifting el Muwot — ejM(Z"/T)tw(t) [y,
Conjugation x*(t) a’y
Time Reversal z(—t) a_y
Time Scaling z(at), > 0 (periodic with period T'/cr) ay,
Periodic Convolution / x(7T)y(t —7)dr Tayby,

T +00
Multiplication x(t)y(t) Z abr_;
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Differentiation :ZS‘ ) jkwoay, = jk%ak

t ..

. (finite-valued and 1 _ 1

Integration /_OC x(t)dt periodic only if ap — 0) Tk ap = @ /T) ay

Conjugate Symmetry
for Real Signals

Real and Even Sig-
nals

Real and Odd Signals

Even-Odd Decompo-
sition of Real Signals

x(t) real

x(t) real and even
x(t) real and odd

{ we(t) = E{x(t)}  [x(t) real
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Parseval’s Relation for Periodic Signals
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Property Periodic signal Fourier series coefficients
z[n] | Periodic with period N and fun- a | Periodic with
y[n] [ damental frequency wo = 27/N by period N
Linearity Az[n] + By[n] Aay, + By
Time shift z[n — ng) age IR /N)no
Frequency Shift eI M@r/N )"I[n] [,
Conjugation z*[n] a*y,
Time Reversal x[—n] a_p,
. . . iewed as
f n is a multiple of 1 [viewe
Time Scaling Tmy[n] = z[n/m] 1S amu tiple obm. —ay, | periodic with
0 if n is not a multiple of m .
period mN
(periodic with period mN)
Periodic Convolution Z x[rly[n — 7] Naygby,

Multiplication
First Difference

Running Sum

Conjugate Symmetry
for Real Signals

Real and Even Signals
Real and Odd Signals

Even-Odd Decomposi-
tion of Real Signals

r=(N)
a[n]y[n]
z[n] — x[n — 1]

n

Z 2[k] <ﬁnite—valued and >
periodic only if ag =0

x[n] real

z[n] real and even
z[n] real and odd

ze[n] = Ev{z[n]}  [x[n] real]
zo[n] = Od{z[n]} [z[n] real]
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Table 3: Properties of the Continuous-Time Fourier Transform
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Table 4: Basic Continuous-Time Fourier Transform Pairs

Fourier series coefficients

Even-Odd Decomposition for

[x(t) real

Re{X (jw)}

Property Aperiodic Signal Fourier transform
x(t) X(jw)
y(t) Y (jw)
Linearity azx(t) + by(t) aX(jw) +bY (jw)
Time-shifting x(t —to) e I X (jw)
Frequency-shifting el (t) X(j(w —wo))
Conjugation z*(t) X*(—jw)
Time-Reversal x(—t) X(—jw)
1 ;
Time- and Frequency-Scaling z(at) mX <B>
a
Convolution x(t) *y(t) X(jw)Y (jw)
1
Multiplication z(t)y(t) Q—X(jw) *Y (jw)
™
d . .
Differentiation in Time Ex(t) JwX (jw)
it
1
Integration / ()t X () + X (0)5(0)
oo ’
Differentiation in Frequency ta(t) jd—X (jw)
W
X(jw) = X*(—jw)
. e b Re{ X (jw)} = Re{ X (—jw)}
gi(;{];fate Symmetry for Real (1) real Sm{X(jw)} = —Sm{X (—ju)}
| X ()| = X (—j)]
o or Real and E FX(jw) = =3 X(—jw)
Si}’g’i?ﬁftr}y or Real and tven x(t) real and even X (jw) real and even
Symmotry for Real and - Odd x(t) real and odd X (jw) purely imaginary and odd
Signals
£e(t) = Eofa(t)}
(t) =

Real Signals

2o(t) = Od{z(t)} [x(t) real
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Parseval’s Relation for Aperiodic Signals
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Table 5

: Properties of the Discrete-Time Fourier Transform
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Table 6: Basic Discrete-Time Fourier Transform Pairs

Fourier series coefficients

Property Aperiodic Signal Fourier transform Signal Fourier transform (if periodic)
5 2mk
. Jk(2m/N)n 2
x[n] X(e’) | Periodic with k;w e o L; o (W ) o
y[n] Y(e/®) | period 27 — @) w —Z=
Linearity az[n] + by[n] aX (e) + bY (e/) juon = 1, k=mm+Nm+2N,.. .

, : j e 2 §(w — wo — 27l -l . ; :
Time-Shifting x[n — ng) eTIwmo X (e7%) Wl;x (W= —2m) flk 1 0. otherwise ) o
Frequency-Shifting Sjwn":v[7l] X(ej(u)‘,idn)) EZ; ? ir%nalﬁ The signal is aperiodic
Conjugation " [n] X*(e7?) R MLk dmdm i N amtoN
Time Reversal x[—n| X(e™9) COS Won m Z {6(w — wo — 271) + 0(w +wo — 27l)} ap = 8: othermios J

. I o [n/k], if n = multiple of k jkw (= (b) 5% irrational = The signal is aperiodic
Time Expansions Tyn] = {07 if 1  multiple of k X (™) @ w = %1 )
Convolution z[n] * y[n] X ()Y () . T X A 2’ k=rr&Nr£2N,...

i sin won = Z {0(w—wo—27l) = 6(w+wo —27l)} | ax = 35 k=-r,—r+N,—r+2N,...
Multiplication z[nly[n] — / X ()Y (7“)dg - 0, otherwise
27 Jor (b) g irrational = The signal is aperiodic
+o0
i i , k=0,£N,£2N,...
Differencing in Time zn] —x[n —1] (I —e7)X(e) xn] =1 2 37 d(w —2ml) k= { (1) ];thei-]\&ie =
n =0 ’ ) i
Accumulation Z x[k] ;X (e7) Periodic square wave
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z[n+ N] =z[n
. k=—o0 T Foo
dX (e P 2 2k R
Differentiation in Frequency nx[n] j d(€ ) > dln—kN] N 20 <“” N Y% =N for all &
w k=—c k=—o0
1
n
X(e) = X(c) c e e
» e . In|<N sinfw(Ny + &
| Re(X (¢4} = Re{X(¢ )} rw{ o |Z| SN, G .
Conjugate Symmetry for z[n] real Sm{X(e/*)} = =Sm{X (e )} o w 1 0<|w|<W
Real Signals | X (e)| = | X (e3¢ 02w = % sinc (72) Xlw) = { 0, W<l<n
ﬁX(ejw) = 7§X(67jw> <r X (w)periodic with period 27
d[n] 1 —
. :  TRes o 2lnl real : 9Y Tes .
S?/ mmetry for Real, Even z[n] real and even X (e’¥) real and even uln] L Z 8w — 2k) o
Signals L—emdw o~
Jw . =
Symmetry for Real, Odd z[n] real and odd X(e . ) purely 0[n — ne) PR —

L imaginary and odd T T
Signals ‘ (n+ 1a"uln], la| <1 e ip o
Even-odd Decomposition of — z.[n] = &{z[n|} [z[n] real] Re{ X (e/Y)} ntr—11, T
Real Signals zo[n] = Od{z[n]} [z[n] real] JSm{X ()} allr— 1) * uln], lal <1 (1 — ae—i=)" o
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Table 9: Properties of the z-Transform

Table 10: Some Common z-Transform Pairs

Property Sequence Transform ROC
z[n] X(2) R
21[n] Xi(2) Ry
m[n] XQ(Z) RQ
Linearity axy[n] + bra[n] aX;(z) +bXa(z) At least the intersection

Time shifting

Scaling in the

z-Domain

Time reversal

Time expansion

Conjugation

Convolution

First difference

Accumulation

Differentiation
in the z-Domain

x[n — ng) z70X (z)
el“onyn) X (emiw0z)
a"z[n] X(a™'z2)
x[—n] X(z7h
T[] = { g_’[r]’ Z;;Z X (%)
for some integer r

z*[n] X*(z*)
21[n] * xa[n] Xi1(2)Xa(2)
z[n] — x[n — 1] (1-2"HX(2)

—L == X(2)
nzn) - d);(z)

Initial Value Theorem
If 2[n] = 0 for n < 0, then
2[0] = lim, 00 X (2)

of Ry and R,

R except for the
possible addition or
deletion of the origin

R

Z2oR

Scaled version of R
(i.e., |a|R = the

set of points {|a|z}
for z in R)

Inverted R (i.e., R7!
= the set of points
27! where z is in R)

Rl/k

(i.e., the set of points z'/*
where z is in R)

R

At least the intersection

of Ry and R,

At least the

intersection of R and |z| > 0

At least the

intersection of R and |z] > 1

R

Signal Transform ROC
1. d[n] 1 All z
2. uln] — lz] >1
3. —u[-n—1] T lz] <1
4. 6[n —m)| zm All z except
0 (if m > 0) or
oo (if m < 0)
5. ouln] — [z] > |of
6. —a"u[—n —1] L |z < |of
n az~!
7. na"uln) ety |z| > |of
8. —na™u[—n — 1] ﬁ |z] < |
9 . 1—[coswplz~t 1
. [cos won]u[n] T Do o2 |z >
10. [sin won]uln] % [2] >1
n 1—[r coswglz~! X
1L [ coswonluln]  —gracaeinee 12>
12. [r" sinwon]u[n] [rsinwolz 1 |z] >r

1—[2r cos wolz~ 1412272






