Properties of the Discrete Time Fourier Transform

Sectlon  Property Aperiodic Signal Fourier Transform
x{n) X{e"“)] penodic with
vin} Y{e™)) period 2w
532 Linearity axln] + dby(n| aX(e’) + BY (')
533 Time Shifng x[n - nyl e M X{e™)
533 Frequency Shifting e x|n| X(e"™ ™
534 Conjugation x*[a} X'te ™)
5.3.6 Time Reversal x[—n} X{e ™)
_ _ x|nfk], if n = muitigle of & .
5-3.7 - Jh
Time Expansion Zulm) [ o, if 7 # multple of £ X{(e’™)
54 Coavolution x[n] * y[n)] X{e™)¥{e"™)
3.5 Multipheaton x[n]y[x] 2% [ X ¥(e " g
535 Differencing 10 Time x[n] - x[n - 1] (1 -¢e ™X(e™)
535 Accumulation ‘-Z“"x[k] T e Ae)
+aXie™ i: 3w — 21k)
la ==
538 Dnfferentiation in Frequenwy  nx{n] 'd{::m}
X(e/) = X'(e ™)
Re{X(e)} = RefXie )}
534 Copjugate Symmety for a1 real < 9afX{e™}} = ImiX(e ™)
Real Signalx |X(epjl N Ix{e-p)l
LS X(e) - AX(e ™)
534 Symmetry for Real. Even x[#] real an even X{e'™) rcal axd even
Signals
534 Svmmetry for Real, Odd x[n] rcal and edd X{e™) purely imaginary and
Signals odd
£34 Even -odd I.?ecumposinon v.[r] = &{afn]}l  [x[n] real) HelX{e™))
ot Real Signals xfn) = Od{x1n)}  {xn} real} X (e}
539 Pars¢val's Relauon for Apeniodic Signals
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Basic Pairs of Discrete Time Fourier Transform

Signal Fourier Transform Fourler Series Coefficlents (if periodic)
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fo = 0. otherwise
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a) wp = ZTW
0 } — - -
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(= = 0 otherwise
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) T malional 3 The signa 1s apenodic
— | k=0%N 22N,
dn] = 1 2 Z Ster  2m1) a4y = 0.
[=ow (. athcrwise
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I, |n| = N,
AAn] =

sinl{ 2T K/NUN + 3]

e = , L kAN 2N,
0. Mi<ldsNa | 223 ma(.u - ZL{*) “ S N SnlTa RN
- ‘ o= T g aN, N
Ma+ N| = a[a) ' N o
L ey
m 2wk |
&[n— kN - - = —
‘_z‘_ [a 1 X ,_2"8( N ) == for all &
dulnl, Jal< 1 S -
1 —ge— =
1. = N !
4n) 1| | sinfor(Ny + 3)] .
0 |l =N SIn(w/2)
I, 0=k'=sW
R =£smc(w") Xiw) = b
Do W e 0 W<hl=n —
- X(w)penodic with period 27

1




wn]

b —m

Sin — ng)

c_J'”N

i+ 1a"uln) la| < |

I
(1 — ae—Je)2

m+r—1I

Wd‘“'ﬂ!. lﬂ!{'l

i
{1 —age sy




Z-Transform Pairs

Sequence Transform ROC
1. &8[n] 1 All z
1
2. u[n] 1—__—2_—1' IZI > 1
3. —u[—n —1] 1 1zl <1
' 1—z1
4. §[n — m] z " All z except O (if m > 0)
or oo (if m < 0)
5. a"uln] i_—;"j' 1zl > la|
6. —a"u[—n — 1] -1—_—1;-_—1 |z| < |al
-1
az
7. na”u[n] A —az-1)? |z| > |al
-1
8. —na"u[—n — 1] a fzz“l)z Iz| < |a|
1 — [cos wglz™ !
9. 1
[cos won]u[n] T —[Zcoswolz—1 + 22 1z] >
. [sin a)()]Z—“l
10. 1
[sin worn]u(n] T —[Rcoswolz—L + 22 1zl >
11. [r” cos won)uln] 1 — [r coswojz! 1zl > r
. w
0 1 —[2r coswolz—1 +r2z-2
. [r sin wg]z™!
12. [»”
[#” sin worn)un) 1 —[2r coswolz—L + 7222 (z] > r
N _—N
13. 1—a”z 1zl > 0

a”?, 0<n< N-—-1,
0, otherwise

1 —az1




Z-Transform Properties

TABLE 10.1 PROPERTIES QF THE z-TRANSFORM
Sectlon Property Signat z-Transform ROC
x[n] X(z) R
x;i[#] Xi(2) R’
x2fnl X:(2) R;
10.5.1 Lmeanty axi[n] + bx;(n) aX () + bX:(z) Al Jeast the nlersection of R, and R,
10.5.2 Time shufting y[n — np) 7" X{2) R, except for the possible addition or
deletion of the ongin
10.5.3 Scaling in the z-domamn e/ x(n} X(e '*z) R
2x1n) Xz} wR
a"x{n] X '2) Scaled version of R (ie., @R = (he
set of points {|«|z} for 710 R)
10.54 Time reversal xA-n] Xz " Inverted R (1c., R™' = the st of
pownts 7', where 2 is in R)
10.5.5 Time expansion xulal = { Al m=rk for some integerr  X(2%) R'™ (ie., the ser of points 7"¥, where
0. n#rk zismR)
1056 Conjugation x'Tn) X'z R
10.5.7 Convolution xi[n]» x3{n) X (2)XA2) At least the intersection of R, and R;
1057 First difference xla] -~ x[n—=1] (1 -z HX( At Jeast the intersechon of £ and
|zl =0
10.5.7 Accumulation ez X K] T"-I?X(z} At least the intersection of R and
|z > |
1058  Differcatiation nx(n) :‘%" R
in the z-domain
1059 Inial Value Theorem

If x[n] = O for = < 0, then
x[0] = !imX(Z)




