Formula Sheet

Fourier Transform

Fourier Sequence
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Discrete-Time Fourier Transform

Discrete Fourier Transform (DFT)
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Principal properties of the Fourier Transform

y=a,x,+a,x,~F(y)=a,F(x,)+a,F(x,)
y(t)=x(t—=T)=F(y)=e " F(x)

y(t)=x(t)e’" = F(y)=X (w—a)

Z-transform

Z(x)= Zw: x,z "

k=—o

Convolution ©
y(6)= [ x(t)h(t—7)d T=x(1)*h(z)
y(0)=2 x(t ) hlt=t,)
k
Group Delay t(w)=—d (arg H (w))
dw
Bilinear/Spectral Transform 21-z"




Table 3.2: Symmetry relations of the discrete-time Fourier transform of a real sequence.

Sequence Discrete-Time Fourier Transform
x[n] X (e/?) = Xre(ed?) + jXim(e!®)
xev[n] Xre(e/?)
Xod[n] jXim(e/?)

X (e/?) = X*(e7I?)
Xre(ejm) = Xre(e_jw)
Symmetry relations Xy (e/?) = —Xim(e™7®)

X (eJ®)] = |X (e7I9)]

arg(X (e79)} = — arg{X (e7/)}

Note: xey[n] and xoq[n] denote the even and odd parts of x[n], respectively.

Table 3.3: Commonly used discrete-time Fourier transform pairs.

Sequence

Discrete-Time Fourier Transform
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The z Transform:

G(z)= Y glnlz”

N=—o0

z=Re(z)+ ) Im(2)

Table 6.2: Some useful properties of the z-transform.

Property Sequence z -Transform ROC

gln] G(2) R

hln] H(z) R
Conjugation g*[n] G*(z*) Rg
Time-reversal gl—n] G(1/z) 1/Rg
Linearity ag[n] + Bhln] aG(z) + BH(2) Includes Rg N Ry,
Time-shifting gln —nol 77" G(2) Rg, except possibly

the point z = 0 or 0o
Multiplication by
an exponential a g[n] G(z/a) || R g
sequence
" . . dG .

Differentiation ng[n] — (2) R, except possibly
of G(2) dz the point z = 0 or co
Convolution gnl®h(n] G(z)H (2) Includes Ry N'Ry,
Modulation g[nlhln] $o G H (z/v)v dv Includes Ry Ry,

Parseval’s relation

Of,‘ g[n]h*[n] = '2:1r_; b G H*(1/v*)v 1 dv

n=—0oco

Note: If R denotes the region Ro— < |z| < R+ and Ry, denotes the region Rj— < |z] <
R+, then 1/Rg denotes the region 1/Rg+ < 2| < 1/Rg- and RgRy, denotes the region
Ro—Rp- < |z| < Rg+ Rp+.



The z Transform:

G(@)= Y glnlz "

N=—00

z=Re(z)+ jIm(z)

Table 6.1: Some commonly used z-transform pairs.

Sequence z-Transform ROC
8[n] 1 All values of z
[n] : lz] > 1
n
g 1 —z1
1 ..
o pu[n] — 2| > e
1 —oaz
-1
Xz
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1
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(n +1)&" uln] T 2] > Ja
1 — (r cos wo)z_l
n
(r" cos won) un] [~ 2rcosanz—1 7222 1z| > |r]
B . _1
(r™ sin won) un] (r sin wo)z |z| > ||

1 — (2r cos wp)z~ L +r2772
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