
#ComplexExponentsds :

X[n] = eswon Wo is in rad/sample ,

not radds

= es2fn to is in cycles/sample

Each sample gives an extra rotation of wo
rad around the unit circle :

Im [x(n]]

Ex .

00
=14 ex(n) =

e

-j
#

Another example
:Go = - -x(n)

= e

-> Produces same sequence as when Wo:

onnes

artionT requency

#thing:NdistitiondeteFredd usually
it



Result : In DT
,

we usually restrict "meaningfl" frequencies to

W: TEWIT or OLWLLn Other frequencies exist
,

but

F:Ed or Of 3 theyar redundant

Important concept:Normalized Frequency
· X(n] usually sampled version of CT X(t) W/ sampling free. Es

· Samples spaced by Ts :Fs

-> we write sample index as integer n - essentially "normalizing" sampling period to

-> Must also normalize frequency to Es

-CT frequency - Upper-case
->Es

sampling frequency
Normalizedfreeis

From above : -E-E
-F

-> To avoid aliasing ,
all frequency content in CT signal must fall in this range

!

In other words
,

the sampling frequencyFo must be more than twice the

A
highest frequency of CT signal toavoidsinggrist - Shannon Sampling Theorem

Example : Audio
(x(F))

Esp2 : LIkHz = 44 RHz

-



-Discrete-timeForierSeriesever
series

- Periodic Xn) represented as sum of harmonison

Periodic DT : X(m) = X(n + No] for positive integer No & all n

Smallest possibleNo FFrudamentalPeriod/No Fundamentalfrequency
cycles/sample rad/sample

RW3 - For integer R : Rt harmonic frequencya

Harmanic sinusoid : On (n) =
eifolnin↑

Note: DT exponential is periodic if and only
if frequency to is rational

Fourier series : Just like in CT
, we want to express periodic X(n] as a sum

of the harmonic sinusoids Im (n)

↑ (n) = Canonan

In CT we sum over-unk > a

But in DT
, unique frequencies are

limited !

f

- ...
No-1 If k = No

,

we get aliasing as f =1

Same result if we add No to
any

R

- PutNo (n) = 2(inOm() =All

-> We have No unique harmonics, then they start to repeat



Only need No harmonis to reconstruct signal !
Just like in CT

,
we have a sure

Not j2(n of harmonic frequencies of the

-> X(n) =EAee fundamental frequency ,

with the 4th

-
harmonic weighted by constant an

Finding am? Projection/Dot Product

DT dot product : < a(n]
,
blak = [a(n > b

*
(n)

-
je(n

-> an = (n]
,

eln = Ne
↑

Normalize by No similar to

↓To in CT Forier series

#ForierSeriesPain#am [x(neckron-X]e
n = <No]

On's called spectral coefficients

R = <NoC ? Recall : harmonics repeat -> Pu[n] = PutNo[n]RN,
DT FS coefficients

are periodic w/ period No !

TheDFSsums abovedaybe computed using,a se



PropertisO DTsymmetry properties of CTE

· If X(n] is real
,

then an
= a* -lar) = (a-m) Can = -Lar

even odd

· If X(n] is realeven ,
then dr = a* = a

-R

-> an is real and even

· If Xin] is realadd
,

then ar = a
*

R
= -a-R

-> are is imaginary and odd

For DT FS
, am = Art No

-> For real X(n]
.

an = a = ameN

-> There is conjugate symmetry about1=

Example
: No = 8

,
X[m] is real

lar/ *

=az

-
*

95= = as
*

-

= a
a = a = a

*

an
= G = at

ay = a, = a-

ag
= a = a

dp
= a = at Li .

e ,
du must he real -

> For realXonlyneedety signal



-ursevalsRelationa

TShifting am
,

theno

↳gation Incam ,

then
*(n]a

TimeReversalan
,

thenn

&riodic Convolutioneis
am and yan] de

then [x(R]y(n-b] Noambe

R = (No ]



Example:-
Find am. .

No : 4
- jrn

-> An=Nyx
- ! (x(0) + X(1]e

+Em
+ x(2)e

Sh
+ x(3)em)

n - 0
:

k = 1 : a
,

= y() + 2(i) - 2) - 1) - (i)) = +(3 - 3) :E

k = 2 : ac = n() + 2( - 1) - 2()) - ( - b) = f) - 2) =

k = 3 : as = +(1 + 2(i) - 2) - 1 - (i)) = +(3 + 3)=
* Note : Ag = a *

z
= a.

*

Example: Real periodic X[n] W/ period No = 10

a
= 0 a,

= 1 ac = 0 ag
=? Ap =? A5 = 0 a

= 0 a
,

= 2) ap = 0 da =?

Missing coefficients? ~Wesymmetry :
an = a* = a+ No

-> az = a* = a*+ = a*=]

ap = a*
4 = a. 4 +

= a* = 0

Ga = G*
q = a+

= a,* = 1



So : As = a = -25

Ag = aY = 1

90 = az = Ay
= az = a) = ag = 0

Find X] : X[n]=
j ju jan

· age as e + a
,
2 +Age

· 3 jan
: -2j +2
- n

-
-Zil)
sin(n)+ 2 cos(n)


