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TABLE 4.4 Symmetry Properties of the Discrete-Time Fourier Transform

Sequence DTFT
x(n) X(w)
x*(n) X" (~w)
x*(—n) X*(w)
xr(n) Xe (@) = 5[X(@) + X*(—)]
Jjxi(m) Xo(@) = 3[X (@) - X*(~w)]
xe(n) = 5[x () + x*(—n)] Xg(®)
xo(n) = L[x(m) — x*(—n)] i X1 (w)
Real Signals
X(w) = X*(—w)
Any real signal Xr(@) = Xp(~w)
x(n) Xi(w) = -X;(~w)
X ()| = | X (—w)|
X (0) = —%X(~w)
xe(n) = Hx(n) + x(—n)] Xr(w)
(real and even) (real and even)
%o(n) = 3[x(n) — x(=n)] JX1(w)
{real and odd) (imaginary and odd)
Time domain f Frequency domain
Even : Even
Real ! t Real
Odd E Odd
Signal :' Fourier Transform
0dd : 0dd
Imaginary i Imaginary
Even - ! Even

Figure 4.4.2 Summary of symmetry properties for the Fourier transform.
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TABLE 4.5 Properties of the Fourier Transform for Discrete-Time Signals

Property Time Domain Frequency Domain
Notation x(n) X(w)
x1(n) X1(w)
x2(n) X2(w)
Linearity a1x1(n) + azxy(n) a X1(w) + a Xp(w)
Time shifting x(n—k) e 1 X (w)
Time reversal x(—n) X(—w)
Convolution x1(n) * xp(n) X1 (@) X5 (w)
Correlation Ty (D) = x1(1) % xp(=1) Siix (@) = X1 ()Xo (—w)
= X1(0)X3(w)
[if x2(n) is real]
Wiener—Khintchine theorem rex (D) Syx (W)
Frequency shifting el x () X (w ~ )
Modulation x(n) cos agn %X (w + wg) + %X (ew — wy)
Multiplication x1(W)x2(n) = [T X1(W X (@ — A)dA
Differentiation in
the frequency domain nx(n) J d)fi(a‘;’)
Conjugation x*(n) X*(—w)

Parseval’s theorem

Yoo X1(n)x3 (1) =

= [7 X1(@) X3 (0)dw

TABLE 4.6 Some Useful Fourier Transform Pairs for Discrete-Time Aperiodic Signals

ﬁr Signal x(n) Spectrum X (w)
1
1e B 1
. | L.
- -3-2-101 2 3 - T
x(n) = 8(n) X(m)=1
A /
T e\ D
- T
€- L 2 n
‘L 0 L sin (L += )a)
{ nl <L Xw)y=A —————
=10, s
.7T
X(w)
1
n
» 70 7
wC wC w
c - -, 0 w,
=0 1, lol<o
x(n)y=< . _ s e
sin w n nt0 X(w) {O, 0, < 1ol <7
T
a’ n>0
= ’ N X(w) = ——;
x(ﬂ) {0, n>0 1—qe—J
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TABLE 7.1 Symmetry Properties of the DFT
N-Point Sequence x(n),

O0<n<N-1 N -Point DFT
x(n) X (k)
x*(n) X*(N — k)
x*(N —n) X*(k)
xg(n) Xee(k) = 3[X (k) + X*(N = k)]
JXi(n) Xeo(k) = 3[X (k) — X*(N — k)]
Xee(n) = S[x(n) + x*(N — n)] Xr(k)
Xeo(n) = 3[x(n) — x*(N — n)] jX1(k)
Real Signals
Any real signal X(k) = X*(N — k)
x(n) Xg(k) = Xp(N — k)

Xp(k) ==X, (N~ k)

IX(E) = |X(N —K)|

IX(k) = —LX(N —k)
Xee(n) = 3[x(n) + x(N — n)] Xz (k)
Xeo(n) = 3[x(n) — x(N — n)] jXik)

TABLE 7.2 Properties of the DFT

Property Time Domain Frequency Domain
Notation g x(n), y(n) X(k), Y (k)
Periodicity x(n)=x(n+N) Xk)=Xk+N)
Linearity arxy(n) + axxo(n) a1 X1(k) + ap X,(k)
Time reversal x(N —n) X(N —k)
Circular time shift x((n = D)y X (k)e~i2rk/N
Circular frequency shift x(n)el2win/N X(k—D)w
Complex conjugate x*(n) X*(N —k)
Circular convolution x1(n) ® x2(n) Xy k)X, (k)
Circular correlation x(n) @ y*(—n) Xk)Y*(k)
Multiplication of two sequences x1(n)xy(n) %X 1) ® Xo(k)
N-1 = .
Parseval’s theorem D x(m)y*(n) < D XWY*(k)

n=0 k=0
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