TABLE2.1  SYMMETRY PROPERTIES OF THE FOURIER TRANSFORM

Sequence Fourier Transform
x[n] X (1)
1. x*[n] X*(e—J®)
2. x*[—n] X*(ej“’)
3. Re{x[n]} Xe(e!®) (conjugate-symmetric part of X (e/%))
4. jImix[n]} X ,(e/®) (conjugate-antisymmetric part of X (e/@))
5. x¢[n] (conjugate-symmetric part of x[n]) XR((’j‘”) = Re{X (L’f“’)}

6. x,[n] (conjugate-antisymmetric part of x[n])  jX[(e/®) = jTm{X (e/®)}

The following properties apply only when x[n] is real:

7. Any real x[n] X (e/”) = X*(e=/®) (Fourier transform is conjugate symmetric)
8. Any real x[n] Xp(e/®) = Xp(e=7®) (real part is even)

9. Any real x[n] X/(ef""_) = —X](e‘j‘”) (imaginary part is odd)

10. Any real x[n] |X (e/?)| = |X (¢e—/®)| (magnitude is even)

11. Anyreal x[n] LX (e1®) = —/X (e7/®) (phase is odd)

12. x.[n] (even part of x[n]) XR(ei®)

13. x,[n] (odd part of x[n]) iXp(el?)

TABLE2.2 FOURIER TRANSFORM THEOREMS

Sequence Fourier Transform
x[n] X (e/®)
vln] Y (ei®)
1. ax[n] + by[n] aX (e/?) + bY(e!?)
2. x[n —nyg] (ng an integer) e—IOnd X (eJ®)
3. /@0 x[n] X (el (@=wq))
4. .l’[—H] X (()—'J"U)
X*(e!?) if x[n] real.
< dX (el®)
5. nx[n] s,
dw
6. x[n] * v[n] X (e/@)Y (el @)
L. ™ o b =03
7. x[nlyln] — [ X"y’ )do
2 )y

Parseval’s theorem:

o0 T

8. Z I-"'[”]l2 = % |X ((’jw)Izdw

n=—0Q

o0 1 b . ,
0. Z x[n]y*[n] = 2—/ X (/)yY*(e!)dw
T

n=—oc v,




TABLE 2.3  FOURIER TRANSFORM PAIRS

Sequence Fourier Transform
1. §[n] 1
2. 8[n —ng) e—Jong
&0

3.1 (=00 = n = 00) Z 2m8(w +27k)

k=—00
4. a"uln] (Ja| = 1) ;

[ —ae—Ji@®

| 00
5. ll["] m-‘l' Z 78((0-‘}-2”/\')
k=—00
1

6. (n+ Ha"uln] (la| < 1)

— D
(1 —ae=7?)=

" sinwy,(n+ 1 1
74 #’u[n] (Ir] =1 . ——
sSin (l)ly l e 2)- cos wp(,—jw + ree—Jlew

8. sin wen X (i) = 1, |o| < we,

mn 0, w. <o =mx
9 AT 1, 0=n 5 M sm[w.( M+ 1)/2](7_1'(0‘,\11;2

0, otherwise sin(w/2)
oo
10. e/@on Y 2m8(w — wg +27k)
k=—00

11. cos(won + @) Z [me!?8(w — wq + 27k) + e 8w + wq + 2mk)]

k=—0o0




TABLE3.1 SOME COMMON z-TRANSFORM PAIRS
Sequence Transform ROC
1. 8[n] | All z
|
2 Il["] 1_—‘._1 |:| |
1
3. —u[—n—1] = lz| <1
4. 8[n —m] 7" All z except 0 (if m = 0) or oo (if m < 0)
.. 1
S. a"uln] — |z| = |a|
1 —az
1
6. —a"u[—n —1] T o T lz] < |a|
—az
W
7. na"uln __ 7| > |a
[n] T —az 0y lz| = |al
=1
8. —na"ul—n — 1 . 2l < la
na”u[—r ] T i |z] < |a|
1 — cos(cu.)):_'
9. cos(ayg HER
cos(won)uln] T —2 cost@o)z—1 +2-2 |z
. sin(wg)z ™!
10. si(wgn)uln = 7] > 1
o L] 1 =2 COS((U())I’,_I +z7° 8
1 — rcos(wg)z™!
]1 e S zZl >
rcos(eon)aln] 1 —2r cos(wp)z=! + r2z—2 kel =1
) rsin(wg)z™!
12. 7" sin(won)uln — |zl =
P ] 0! [' ] ] _ 2" CUS((L)D ):—l + 1272 | | 7
n g _ 4 N_.—-N
i3 e 0<n<N-1, 1-a"z 12l > 0

0, otherwise

1 —az™!




TABLE3.2 SOME z-TRANSFORM PROPERTIES
Property Section
Number Reference Sequence Transform ROC
x[n] X(2) Ry
xi[n] X1(z) Ry,
x2[n] X2(2) Ry,
1 34.1 axy[n]+ bxa[n] aXi(z)+ bX>(z) Contains Ry, N Ry,
2 34.2 x[n —ngl 727"X(2) R, except for the possible
addition or deletion of
the origin or oo
3 3.4.3 zox[n] X(z/z0) |z0| Rx
4 3.4.4 nx[n] —:(IX(:) Ry
5 345 x*[n] X+ R,
6 Rel{x[n]} %[X(:) + X*(z*)]  Contains R,
7 Im{x[n]} 2L/_[X(:,) — X*(z%)] Contains R,
8 34.6 x*[—n] X*(1/z%) 1/R,
9 34.7 x1[n] = x2[n] X1(2)X2(2) Contains Ry, N Ry,
Properties of the ROC for the z-Transform m

PROPERTY I: The ROC will either be of the form 0 < rg < |z],0r |z] < rp < o¢, Or,
in general the annulus, 1.e.,0 < rg < |z| < 1 < 0.

ProperTY 2: The Fourier transform of x[n] converges absolutely if and only if the
ROC of the z-transform of x[n] includes the unit circle.

PropERTY 3: The ROC cannot contain any poles.

ProperTY 4: If x[n] is a finite-duration sequence, i.e., a sequence that is zero except
in a finite interval —oc < N| < n = N < oc, then the ROC is the entire z-plane,
except possibly z =0 or z = oc.

ProperTY 5: If x[n] is a right-sided sequence, i.c., a sequence that is zero for
n < Ny < oc, the ROC extends outward from the outermost (i.c., largest mag-
nitude) finite pole in X (z) to (and possibly including) z = oc.

PropERTY O: If x[n] is a left-sided sequence, ic., a scquence that is zero for
n > Np > —o0, the ROC extends inward from the innermost (smallest magni-
tude) nonzero pole in X (z) to (and possibly including) z = 0.

PROPERTY 7: A two-sided sequence is an infinite-duration sequence that is neither
right sided nor left sided. If x[n] is a two-sided sequence, the ROC will consist
of a ring in the z-plane, bounded on the interior and exterior by a pole and,
consistent with Property 3, not containing any poles.

ProrerTY 8: The ROC must be a connected region.
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