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) ENGINEERING

Selected Transform Tables

TABLE2.1 SYMMETRY PROPERTIES OF THE FOURIER TRANSFORM
Sequence Fourier Transform
x[n] X (/%)
1. x*[n] X*(e™I)
2. x*[-n] X*(e/®)
3. Relx[n]} X.(eJ®) (conjugate-symmetric part of X (/%))
4. jIm{x[n]} X »(e/®) (conjugate-antisymmetric part of X (e/“))

5.

xe|n] (conjugate-symmetric part of x[n])

x,[n]  (conjugate-antisymmetric part of x[n])

. Any real x[n]
. Anv real x[n]
. Any real x[n]
. Any real x[n]

- Any real x[n)

Xg(e/”) = Re(X (/)

JX[(®) = jIm{X (/)

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

X (e/®) = X*(e=/®) (Fourier transform is conjugate symmetric)
Xg(e/?) = Xp(e™/®) (real partis even)

X () = —X;(e~®) (imaginary part is odd)

[X (/)| = |X (e~/®)| (magnitude is even)

/X (e/?)y = —/X (e7/®) (phase is odd)

- Xeln] (even part of x[n]) Xp(ed®)

- Xyln] (odd part of x[n]) j)(l((,./w)
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TABLE2.2 FOURIER TRANSFORM THEOREMS

Sequence Fourier Transform
x[n] X (e/®)
y[n] Y (e/®)
1. ax[n] + by[n] aX (e/?) + bY (e/®)
2. x[n —nygl (ng aninteger) e JONd X (e®)
21 ej“)()”x[n] X(ej(w—a)()))
4. x|—n] X (6_'jw)
X*(e/?) if x[n] real.
dX (e/?)
5. nx[n] J T
6. x[n] * y[n] X (€)Y (e/?)
L[ 10y (0—0)
7. x[n]yln] o . X (e/7)Y (e )d®

Parseval’s theorem:

= 2 _ 1 /n 1X (/) 2dw
8. Z\lx[n]l =5=]

n=—0od
C = . * l 4 jw Y* j(u 1
). Z x[nly [”]—_—ﬁ X ()Y (e/")dw
—TF
n=—0oQ
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TABLE2.3 FOURIER TRANSFORM PAIRS
Sequence Fourier Transform
1. §[n] 1
2. 5[)1 - H()] e /M0
o0
31 (—o0 < n < 00) Z 278(w + 27k)
k=—oc
4. a"uln] (lal < 1) —]‘
| —age I
5. uln) 1 3
Do uln o~ M
o + Z mé(w + 2mk)
k=—oc
6 (n+ a"uln] (lal <1) ‘1—
(1 — ae—J®)2
rsimw,(n +1)
7. - £ ufn] (jrl < 1) !
N p 1-2r Coswpe™J® 4 r2e—J2w
8. St wen X (/@) = 1, |o| < we,
mn 0, we <|wl<m
9. xfn] = 1. 0<n = M sinfw(M + 1)/21(,_1(1,/\4/2
0, otherwise sin(w/2)
o0
10. e/@on Z 278(w — wq + 2mk)
k=—00
o
11. cos(wgyn + ¢) Z [me!?8(w — wq + 27k) + e 1P8(w + Wy + 27k))

k=—0o<
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TABLE3.1 SOME COMMON z-TRANSFORM PAIRS
Sequence Transform ROC
1. &[n) 1 All 2
1
2. un] — lz| > 1
R 1
3. —ul[—n—1] —— lz] <1
4. 5[n —m) Al All z except 0 (if i > 0) or oo (if m < 0)
. 1
5. a"uln] e izl > |
- izl > lal
6 Jul-n 1) :
. —Q Ul—1! _— i
1 —gz71 12l < lal
-1
az
7. na"un) _
{ 1 —a1)2 lz| > |a|
-—1
., az
8. —na"ul-—n —1j m |z < |al
1 - 7!
9. cos(wgn)uln) cos(ewp)z lz| > 1
1 —2cos(wy)z ' + 272
. ]
10. si(won)uln| Sintele |z] > 1
1 —2cos(wg)z™! + 272
] == Sl Z_l
11. r" cos(wyn)u|n] r cos{wp)z lz] > r
1 = 2rcos(wy)z=! 4+ r2z72
s ,—1
12. " sin(won)uln) Sz = lz| > r
1 —2rcos(wy)z—! +r2z=2
n - _ ,N_—N
13, u.()gn;N 1, l—a"z 2l > 0
0, otherwise 1 —az™!
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TABLE 8.2 SOME - TRANSFORM PROPERTILS

Property Section
Number  Reference Sequence lranstorm RO
vn | \'(2) R,
Vln () R\,
Vi No(o) K.,
| RN avilnl £ ool aXNp() 4 bXH() Contains Ky MKy,
2 342 vn gl S MON(D) Ry, except for the possible
addition or deletion of
the origin or oo
3 343 ol X(z/20) [20l R\
IX(z
4 3.4.'1 II\IIII —:(__,/( ) Ie‘
) 3.4.5 Vi n) ‘\”(:s')\' R,
2 l 4 'l * o ¢
6 Relx|n]} ;l/\ (2)+ X"(zH] Contains R,
N ; l 7 * * N g
/ Im{x|n]|) ;flz\ (2) = X"(z")] Contains R,
<)
S 3.4.6 V=) X*(1/z%) [/R,
9 34.7 xXpln] * xo[n| X1(2)X2(2) Contains Ry, N R,
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TABLE 8.1

SUMMARY OF PROPERTIES OF THE DFS

Periodic Sequence (Period N)

DFS Coefficients (Period N)

9.
10.

11.
12.
13.
14.

A G o

X[nl

xq[n], Bp[n]
axy[n] + bipln]
X [n]

i{n —m]

Wy in)

N-1

Z F1lml¥afn — m] (periodic convolution)
=}

% [nl%2(n]

#*[n]

#(-n]

Rel(n])

JTm{z(n1)

Kelr] = J(X[n] +%*[—n])

Zoln] = §(&ln) — #*[=nl)

Properties 15-17 apply only when x[n] is real.

15.

16.
17.

Symmetry properties for ¥[n] real.

Feln] = 5(%[n] + X[-nD)
%oln) = 3 (E[n] — Z[~n])

X [k] periodic with period N

X []. X, [k] periodic with period N

aX k] +bXolk)
Nx[—k]

WEMX [k]

Xk -2

X [k1Xo[k]

N

t
i

Z| -

é=0
(4]
k]

X[kl = J(X k] + X" [kD)

L]

*
*

Xolk] = (X (k] - X"~k
Re(X [k]}

JIm{X [k])
X[kl = %*[Tk;
Re(X [k]) = Re{X [—k])
Im(X [k}} = —Tm|X |-k])
|X [kl = |X [k
LX k] = ~LX[-k]
Re(X [k]}
JZm{X [k])

X [€1X4lk — €] (periodic convolution)
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TABLEB.2 SUMMARY OF PROPERTIES OF THE DFT

Finite-Length Sequence (Length N) N-point DFT (Length N)
1. x[n) X [k]
2. xqlnl, x3ln] X ([k], X 2[k]
3. axy[nl+ bxyin] aX (k] + bX5lk]
4. X|[n] Nx[((—k)w]
S. x[((n —m)n] WX X [k]
6. Wli\,"f"x[n] X[{((k — £)N]
N-1

7. ) xlmlxoltn ~ myy]

m=0
8. xqlnlxain]

9. x*[n]
10, x*[((—n)n]
11. Reixinl}
12, jZmix[r]}

13 xeplnl = Lialn] + x*[((=m)N 1]
14, xopln) = J{x[n] = x*[(=m)N]]

X [k1X o[k]

1 N-1
5 2 X1laXal(k — )x]
=0

X*[(~k)w]
X* (k]

X eplk] =
X oplk] =
Re{X [K]}
JImiX K]}

{X [(WIN]+ X (=k)N L

1
2
LIX (k)N — X&)

2

Properties 15-17 apply only when x{n] is real.

15. Symmetry properties

16. xepln] = 1 (xln] + x[((~m))N])
17. xepln] = %[x[n] — x[((=m) N1}

X[k} = X*[((=k)N]
Re{X [k]} = Re(X[((=k)N]}
Im{X [k]} = —Im{X[((-k)N]}

|X (k] = |X[((=kNN]I
LX [k} = —LIXI(=k)N])

Re(X [k])
JIm{X [k]}
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Some Common “Classical” Window Functions
Rectangular window:
1, 0<n<M
wln] = { 0, otherwise (1)
Bartlett (triangular) window:
2n/M, 0<n<M/2
win] =4 (2—2n)/M, M/2<n<M (2)
0, otherwise
Hanning window:
_J 05—-0.5¢c08(2mn /M), 0<n<M
wln] = { 0, otherwise (3)
Hamming window:
_J 0.54—-0.46cos(2mn/M), 0<n<M
win] = { 0, otherwise (4)
Blackman window:
0.42 — 0.5 cos(2mn/M) 4 0.08 cos(dmn /M), 0<n <M
wln] = . (5)
0, otherwise
Peak .
Window Sidelobe Approximate Peak
. Width of Approximation
type Amplitude Mainlobe Error (dB
(Relative, dB) (dB)
Rectangular -13 47t/(M+1) -21
Bartlett -25 8n/M -25
Hanning -31 8n/M -44
Hamming -41 8n/M -53
Blackman -57 12n/M -74

Comparison of commonly-used windows.
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