The Discrete Time Fourier
Transform-3. Properties.



Today

* Fourier Transforms for signals who are not
absolutely summable and square summable

* Properties of the Fourier Transform

» Assignment 2 will be posted on Feb 9. Due
date: Feb 16, 4 pm.



Overview of DTFT properties

We have already discussed (and made use of)
- Periodicity X(el®)= X(elo+?r)
- Linearity
We can group the other properties into meaningful
categories:
- 1. properties related to signal symmetry

- 2. properties related to transformations of the independent
variable (tfime domain and frequency domain)

- 3. properties related to time and frequency differentiation
- 4. properties related to convolution
- bB. property related to the energy of the signal (Parseval)

Our focus will be on understanding the properties and
on knowing how to use them, rather than on their
mathematical proof



Table 2.1  SYMMETRY PROPERTIES OF THE FOURIER TRANSFORM

TABLE2.1  SYMMETRY PROPERTIES OF THE FOURIER TRANSFORM
Sequence Fourier Transform
x[n] X (e/)
1. x*[n] X*(e™I®)
2. x*[—n] X*(e/)
3. Re{x[n]} Xe(el?) (conjugate-symmetric part of X (ej“’))
4. jImix[n]} X ,(e/?) (conjugate-antisymmetric part of X (e/@))
5. x¢[n] (conjugate-symmetric part of x[n]) X R(ej @) = Re{X (e )}
6. xo[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*(¢=/®) (Fourier transform is conjugate symmetric)
8. Any real x[n] Xp(e?®) = Xp(e=7®) (real part is even)
9. Any real x[n] X7(e/®) = —X7(e=7®) (imaginary part is odd)
10. Any real x[n] |X (/)| = |X (e=/®)| (magnitude is even)
11. Any real x[n] LX (eI®) = /X (e=7?”) (phase is odd)
12. x.[n] (even part of x[n]) XR(ej“’)
13. x,[n] (odd part of x[n]) J X7 (e/®)




Table 2.2 FOURIER TRANSFORM THEOREMS
TABLE2.2 FOURIER TRANSFORM THEOREMS

Sequence Fourier Transform
x[n] X (1)
yin] (@)
1. ax[n] + by[n] aX (e/®) + by (e/?)
2. x[n —nyg] (ng an integer) e—Iond X (eJ@)
3. ej“’()"x[n] X ((,j(w—w()))
4. x[—n] X (=)

X*(e/®) if x[n] real.

dX (el®)

5. nx[n] j
dw
6. x[n] * y[n] X (/@)Y (el @)
L (7 o i0yy (i (@=0)
7. x[n]y[n] = X (YY" Ndo

Parseval’s theorem:

& 2 1 [ 2
8. Z |x[n]| = 1X (/) |Pdw

n=—oc =%

o0
9. Z x[n]y*[n] =

n=—0o0

1 [T - :
o f X ?)Y*(e!?)dw
o T

b ¢




Table 2.3 FOURIER TRANSFORM PAIRS
TABLE 2.3  FOURIER TRANSFORM PAIRS

Sequence Fourier Transform
1. 8[n] 1
2. 8[n —ng] e—Jong
o0

3.1 (—00 < n < 00) Z 2a8(w +2mk)

k=—00
4. a"u[n] (Ja| = 1) ;

1 —ae—i®

1

5. u[n]

1l —e—Jj@

1
(1- ae_j“’)2

00
+ Z T8 (w+ 2mk)
k

 =—00

6. (n+ Da"uln] (lal < 1)

"sinwp,(n+ 1
7. r—_wIMu[n] (Jr] = 1) 1 - —
sinw,, 1 —2rcoswpe=/® + rle—jlo
8. sin wen X (/@) = { 1, |o| < we,
n 0, we <|w| =7
0. x[n] - 1., O =n S M Sill[(U.(M =+ l)/z]e_jw‘,w/z
0, otherwise sin(w/2)
. 00
10. e/®0n Z 2n8(w — wg +2mk)
k=—00
w . .
11. cos(won + ¢) Z [zrej"bﬁ{w —wo+27k) + e 18w + wq + 2k)]

k=—00




