
Amplifyrocess by which we get from continuous waveforms to discrete ones

Frequency
- Domain XUFL:

Time - Domain XCt:

* *
How to sample at a point t = Ts?

-> Multiply by 61-Ts),
the integrate (a dot product!

x(t)

*i-t
sitting property

-> x (t = is) =<x1,61-Tsk =).oxCtdSt-Ts) dr
ExCTs

Okay, but one sample isn't much information
...

Let's multiply our function by a "traint of delta functions

dis(t)
-

Let 6is(f):@d(t-ns
#fff +T: YFs

We get a "sampled square" by multiplying XI by 6
+,
(t)

Let x(H) = x(tSis(t)

-x(Edlt-isE*definit
~ExnTs)d(t-nTs)
=



What does look like in the frequency domain?

·Multiplication in time is coevolution in frequency

· so,X(F)= F2xH13*F3di,()3
I

- X
- FEd(F-R,ES

- X(t) = F,EXIF-RFs)
↓ X(F)/

-

-

...

..#fr
Fs

~ Fourier transform becomes periodic! We have copies of original spectrum spaced

out at intager multiples of sampling frequency and scaled in magnitude by F

*

Itis the "continuous" representation of the DT sequence
X(n>

&Can we recover original XI from FC)/X(]?

AYes-we just need to filter out all the periodic copies of X from

the spectrum of x(t)

Define an ideal low-pass filter response HF):

H()
-> H(F) =

rect(Ew)

-
-

-

...r
-Fs-W-Fs Fs

->The ICF) HIF): FsXCF) and ~gotHEXCEHIFl]



*

F X(F) -reaXT *or

what happens if we change Is?

-> copies of spectrum get closer or further apart

We can
still recover original function if no overlap

Ex. Fs barely larger than IW
*(E)
/

As
me

copies badly don't touch

- Theoretically, w/ ideal (PF, can
still recover XIt

What if Fs <IW?

e
The periodic copies of XIF) wap.

Afew applying ideal (PF:
M

-> NOT equal to XIF)

*



The original signal not be recovered. The sampling rate is too sow, leading to

spectral overlap and meant distortion of the original signal.

-> This overlap is called ming

↓A signal of max frequency WHA ("bond-limited to WHE) can
be reconstructed

exactly from its samples if the sampling frequacy Aw

· The minimum soupling frequency Fs:2W is called the Rate" or

the Frequency
"

Another way:
For a given

set of samples takes at rate F, then there is only re

signal of bandwidth BIFs/2
that passes through

those samplest

N

#mple:X(t
=sinc"(5t)

*
-020)r
#we simple at Fs=5 HE (Ts = (F = 0.2s)

*(F)
-x(t= [(t) is 1

-

*inE
Recovered X(F)

=0.2rect (5)w
-> NH = sin(5t) F original X(t



Nyquist Rate Fs = 10 Hz (Ts = 0.1s) *(F)

x(t)
↓

Sample at Fs = 20
A.

↑(F)
"Practical Filfor"

#

tiffin
Another perspective on aliasing:

XH = cos(2πFt), XeCH=cosCeTEnt

for some Fs

Suppose
Fc = F, tRE,

(R integer)
into multiple [P

m

-> x, (nTs) = cOS(INF, nTs)

In(rTs) =
cossetCF.tRFsLnTs) = cos(ItF. nTs +2π

RnFsTc) = cosCITF, nTs +2π
Rn) = cOskF, nTs) = x, (rTs)

↓Sinusoids spaced in fequency by integer multiples of Es are indistinguishable from one mother

Babexamoeare For in tosumpo-at now to contort--

Frog. Domain:
Filter out Periodic replicas v/ HIF)=Erect(FIFs) (Assome signal band-limited

below Es/2)

- X(F)
↑normalizes output

by YFs

&
*T
i



↑ine - Domain.

HIF) :Erect (FIFs)
FnHH =sincIFst

X(F): X(FH(F)
o xH = x() * h(t)

·EXInTs)d(t-nTsL) AsincIFt

-EX(nTs) (d(t-nTs)AsincIEt

ssinc(FsCt-rTsI
Ideal Interpolation Formula

~ original signal can be reconstructed of a weighted sum of sinc functions

Matlab example w/ -51+c5 and - 20 1+<20

Infinite non-carsal size not possible in reality ... normally truncate or use a window

->hH =crc(Est) W(t

w(-

*sampling
- In practice, we can't really

make improkes (1) for soupling
(6+s())

-Practical: A train of narrow pulses

-Suppose pits is a single pulse
·isre

PrIse Train: Pilt:PH-nTc)
xPc(t) ↓

IP(F)

He



w#On it
#

Marti
What does X(F) look like?

We get OiHH by PicH: pCH) *GisCH: EplAdCt-nTs)

- F(F) = c= (xHt(0xH3 = cF(xAl) AC2PisHT) =

x(FCLPirtA E PIFIFoEsdIF-ME
-

so, FCF: x(F) * (PCF)Fs@dCF-RELL: PIFXCEREs)
= PIF) Firea (F)

Ideal DCF)

Previous Example: x(t
= sinc"15+)

+
.

Suppose that width of PHt<aTs
-> BW of p(t)2E

AA
X

-
d



=Ex..
~

As long as
PCF) = constant within the interal - WIFEW we can

approximately
reconstruct x(

In other words, PIs must be narrower than the rate of change of XI

Aspit gets narrower,
to SC) and PCF)->1 ideal FCF) again


