
# comment

can represent Y(n] in frequency domain

using
DT Fourier series

-> dr ,
9

, 1 . ..,Not

↑(n) =Can en
an=]e

Like CT FS ,

each integer R corresponds to a frequency

-> f = k =

*(n] has a certain amount" of each frequency F= Ro: for R = 0
,

1
, ....

Not

-> f = 0.-

-> Each free. component has a maylphase set by an

Let's try "padding
: the periodic signal with zeros

-> Periodic ,

but increased No

-> f- gets more closely spaced

.... Last frequency
f= -1

Let No + - Xn] &(n) above is periodic
-> Signal no longer periodic -X(n)

-> Freg Spacing RNN.

- O........ ->f becomes a continuous variable Off



So w/ No = 0
, we have an=Ne

Define : X(f) =&
Xalein

a

Then DT FS coefficients an given by am
= X(f)/f- * = R

= to x()/f-m

Plug this into reconstruction of periodic [In)
:

LiRfon SXf-ReiR.Y(n) =EA se

As No -0 ,
to t0

,
final frequency --- ,

and summation - integral

-> Integral for reconstruction of a periodic signal

-T from continuous spectrum of freq. components !
8

nH = -
A

-> Same concept in DTFT !

X(f) is periodic of period of 1 Offal OR -ELE2

X(r) is periodic w/ period of It &OWCIn OR-FLWLT



&DFTPropertis
a

Aperiodic Signal X(n] - energy signal

Parseval's Theorem (again) :

Ex =E=
:

2..) Symmetry
:

Jame as other Fourier representations !

· X(n] real-valued -> conjugate symmetry .

X(t) = X
*( - +)

· Mr] real devel - X(t) real-valued & even
,

X(f) = X (-

+)

· X(n) real Godd - X(f) imaginary-valued & odd ·
X(f) =

- X( - f)

22.) Discreteness/Periodicity Duality

Signals that are
discrete in one domain are periodic

in the other

Time - Domain #readyDomainors
tinuous

, Aperiodic
CT Fourier Transform :

Aperiodic,

Discrete

CT Forier Series : Continuous ,

Periodic
Continuous

Periodic,

DT Forrier
Transform : Discrete, Aperiodic

Periodic ,

Discrete

DT Forrier Series : Discrete ,
Periodic



(Sort of like a DT reat function)Example:

xIn) :So-
X(t)=eiia

-
[2nf(w + 1)

it
a

· Insw
-> Result : Sort of like a sinc function (reat/sinc quality

But this one is periodic !

-> Numerator & denominator go
to zero for integer of regardless of W !

((f))

Peak value = TWH

Peaks at f = integer

·
-147

it's spaced # alls = IW

byt



Example: x(n) = <(n] -X(f) =Ele
X(n) = G(n - no) - X(f)=In

↳roperty:(n)
=X(t) - X(n -no) == X(f)2

- J 2 + En
.

X(f) = 1

#erF i
·

-> For integer n
.

sinc(n) = 1 at n
= 0 and since) =0 for other n

X(n]

-> sinc()=) = x(n]

.



Other important DTFT pairs (on your
table ! ) :

Nri =1 XIf)=GE

X(1) = Usin(W) XI) =Great ((f))

-
X(n) = cos(2if .n)= X(t)= (d(f-fo-R) + Lol y

xn] = an[m] (la(>1) En X : Fac-sit

Other Important Properties (on table) :

FrequencyShifting : AnjesafonEX(f-fol

X(n] * h(n)
= X()H(f) - Just like CT ! him] impulse response

Convolution :
-> H(f) frequency response

for DT systems

Multiplication : XInJy[n] EX(f)
* Y(f) (periodic convolution ...

well probably
try to avoid this property

* Pairs and properties table for DTFT

-Use just like CTFT to evaluate complex DTFTs without direct evaluation

-> Note : DTFT of short,
finite sequences is easy

to compute directly from the

summation definition



Example: N(u) = 210 · 9) "cos(in)u(u) -> Find DTFT X(f)

-> Like CT
,

break into chunks and use pairs
&properties

-> For these
,

unlike It
,

we want to avoid free convolution ,

but can

apply frequency shifting instead

~ostn) =e
- X] = 10 .

9) sen + 10 .

9) in
Pair : aul] En Fair

-> 10 .

9 ul]Toge

Frequency-Shifting Property : XCU]eSton Xf-fol

For etin fo - It

-e) Foqi



#AnotherExample:

-"

a Find DTFT of (m) = 2x[n]cos(2n((n)

First : x(n) =33X
j2()n - j2π()n

Euler's : * (n) = 2x(n]) ecis-in) : Ne ↓ Mn]2

-> Frequency
shift by fo : # *

- *H = X (f - 3) + X( + 3)=
4

.) Let h(n] = 2(n-10] Find Hff)
.

Pair : Slu-no] Ee-sinfh
.

--icon
c) Let y(n)

= FCn]AhIn] ·

Find YCE) and take the Inverse DJFT to find y(m).

convolution : o :HHEit+
jIfon Phaseshiftinfree

Y(n] ? -I
j2πf(n - no)

2foll-Ene
-2ntle-10)cos(2n (5)(n

- 10))jen (5)(n - 10)
+ X(n - 10)e

-> y(n) = N(n - 10)e

=*(n-10) = Y(n]*S[n - 10]


