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êi
cx

f
=

f̂(
k
−

c)

E
xa

m
p
le

s:

D
el

ta
fu

n
ct

io
n
al

δ̂(
k
)

=
1

fo
r

al
l
k
∈

R
.

C
en

tr
ed

sq
u
ar

e
p
u
ls
e

L
et

f(
x
)

=

{
1,

if
−

L
≤

x
≤

L
,

0,
if
|x
|>

L
.

T
he

n

f̂(
k
)

=
2
si
n

kL k
=

2L
si
nc

kL
,

w
he

re
si
nc

t
=

si
n

t/
t

is
th

e
S
in

us
ca

rd
in

al
is

fu
nc

ti
on

.

S
am

p
lin

g
o
f
fu

n
ct

io
n
s

R
ea

d:
S
tr

an
g,

p.
69

1–
69

3

-
B

y
us

in
g

th
e

F
ou

ri
er

tr
an

sf
or

m
F

an
d

it
s

in
ve

rs
e,

an
y

fu
nc

ti
on

ca
n

b
e

re
co

ns
tr

uc
te

d.

-
A

ss
um

e
w
e

kn
ow

on
ly

so
m

e
di

sc
re

te
va

lu
es

of
a

fu
nc

ti
on

,
at

a
nu

m
b
er

of
di

sc
re

te
p
oi

nt
s.

C
an

th
e

fu
nc

ti
on

b
e

re
co

ns
tr

uc
te

d?

-
W

it
ho

ut
an

y
as

su
m

pt
io

ns
on

th
e

fu
nc

ti
on

,
it

is
no

t
p
os

si
bl

e
to

re
co

ns
tr

uc
t

th
e

fu
nc

ti
on

.

-
L
et

us
co

ns
id

er
ho

w
m

an
y

sa
m

pl
es

w
e

ne
ed

to
id

en
ti
fy

a
ha

rm
on

ic
fu

nc
ti
on

.



S
am

p
lin

g
o
f
fu

n
ct

io
n
s

-
T
h
e

N
yq

u
is
t

sa
m

p
lin

g
ra

te
C
on

si
de

r
a

ha
rm

on
ic

fu
nc

ti
on

su
ch

as
si
n

ω
t

or
co

s
ω
t.

A
ss

um
e

eq
ui

di
st

an
t

sa
m

pl
in

g
w

it
h

st
ep

si
ze

T
.

T
he

N
yq

ui
st

sa
m

pl
in

g
ra

te
,
is

ex
ac

tl
y

2
eq

ui
di

st
an

t
sa

m
pl

es
ov

er
a

fu
ll

p
er

io
d

of
th

e
fu

nc
ti
on

.
T

he
p
er

io
d

is
of

le
ng

th
2π

/ω
,
w

it
h

2
sa

m
pl

es
,
yi

el
ds

D
efi

ni
ti
on

:
N

yq
ui

st
sa

m
pl

in
g

ra
te

:
T

=
π
/ω

.

F
or

a
gi

ve
n

sa
m

pl
in

g
ra

te
T

,
fr
eq

ue
nc

ie
s

hi
gh

er
th

an
th

e
N

yq
ui

st
fr
eq

ue
nc

y
ω

N
=

π
/T

ca
nn

ot
b
e

de
te

ct
ed

.
A

hi
gh

er
fr
eq

ue
nc

y
ha

rm
on

ic
is

m
ap

p
ed

to
a

lo
w
er

fr
eq

ue
nc

y
on

e.
T

hi
s

eff
ec

t
is

ca
lle

d
al

ia
si
ng

.

F
ig

ur
e

fr
om

S
tr

an
g.

T
h
e

S
am

p
lin

g
T
h
eo

re
m

T
h
eo

re
m

:
(S

ha
nn

on
-N

yq
ui

st
)

A
ss

um
e

th
at

f
is

ba
nd

-l
im

it
ed

by
W

,
i.e

.,
f̂(

k
)

=
0

fo
r

al
l
|k
|≥

W
.

L
et

T
=

π
/W

b
e

th
e

N
yq

ui
st

ra
te

.
T

he
n

it
ho

ld
s

f(
x
)

=
∞ ∑ −
∞

f(
nT

)s
in

cπ
(x

/T
−

n)

w
he

re
si
nc

t
=

si
n

t/
t

is
th

e
S
in

us
ca

rd
in

al
is

fu
nc

ti
on

.
N

ot
e:

T
he

si
nc

fu
nc

ti
on

is
ba

nd
-l
im

it
ed

:

ŝi
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