
G
iv

e
n
:

co
s(

π 2
n
)
→

y
[n

]
+

y
[n

−
1
]
=

x
[n

]
−

x
[n

−
1
]
→

?

S
o
l’
n
:

H
(e

j
ω
)=

1
−

e
−

j
ω

1
+

e
−

j
ω
=

e
−

j
ω

/
2

e
−

j
ω

/
2

e
+

j
ω

/
2
−

e
−

j
ω

/
2

e
+

j
ω

/
2
+

e
−

j
ω

/
2
=

j
ta

n
(

ω 2
).

H
(e

j
π 2
)=

j
ta

n
(

π
/
2

2
)=

j
=

e
j

π 2
.

y
[n

]
=

co
s(

π 2
n

+
π 2
)

D
e
s
ig

n
:

N
o
tc

h
fi
lt
er

to
re

je
ct

4
0
0

H
z

sa
m

p
le

d
1
2
0
0

S
A

M
P
L
E

S
E
C

O
N

D
.

S
o
l’
n
:
−2

co
s(

2
π

4
0
0

1
2
0
0
)=

1
.

G
et

:
y
[n

]=
x
[n

]+
x
[n

–
1
]+

x
[n

–
2
].

B
e
tt

e
r
:

y
[n

]+
0
.9

9
y
[n

–
1
]+

0
.9

9
2
y
[n

–
2
]=

x
[n

]+
x
[n

–
1
]+

x
[n

–
2
].

G
iv

e
n
:

co
s(

π 4
n
)+

co
s(

π 2
n
)
→

h
[n

]
=

{a
,b

,c
,d

,e
}
→

0
.

S
o
l’
n
:

2
n
ot

ch
fi
lt

er
s

in
se

ri
es

.
M

u
lt

ip
ly

z-
tr

an
sf

o
rm

s.
U

s
e
:
−2

co
s(

π 4
)=

−√ 2
a
n
d
−2

co
s(

π 2
)=

0
in

n
o
tc

h
es

.

T
h
e
n
:

(z
2
–
√ 2

z
+

1)
(z

2
+

0
z
+

1)
=

z
4
–
√ 2

z
3
+

2
z
2
–
√ 2

z
+

1
.

R
e
a
d

o
ff
:

a
=

1
,b

=
−√ 2,

c
=

2
,d

=
−√ 2

,e
=

1
S
y
m

m
et

ri
c.

O
R

:
N

ee
d

ze
ro

s
a
t
{e

±
j

π 4
,e

±
j

π 2
}.

G
et

sa
m

e
an

sw
er

.

G
o
a
l:

D
T

F
T

−
1
[2

co
s(

ω
)+

4
co

s(
2
ω
)+

j
6

si
n
(ω

)+
j
8

si
n
(2

ω
)]
.

S
o
l’
n
:

S
u
b
st

it
u
te

2
co

s(
x
)=

e
j
x
+

e
−

j
x

an
d

2
j
si

n
(x

)=
e

j
x
–
e
−

j
x
:

G
e
t:

[e
j
ω
+

e
−

j
ω
]+

2
[e

j
2
ω
+

e
−

j
2
ω
]+

3
[e

j
ω
–
e
−

j
ω
]+

4
[e

j
2
ω
–
e
−

j
2
ω
].

C
o
ll
e
c
t:

(2
+

4
)e

j
2
ω
+

(1
+

3
)e

j
ω
+

0
+

(1
–
3
)e

−
j
ω
+

(2
–
4
)e

−
j
2
ω
.

D
T

F
T

−
1
:

6
e

j
2
ω
+

4
e

j
ω
–
2
e
−

j
ω
–
2
e
−

j
2
ω
→

{6
,4

,0
,−

2
,−

2
}.

G
iv

e
n
:

x
[n

]=
{.

..
7
,5

,2
,6

,7
,5

,2
,6

..
.}

→
h
[n

]
=

si
n
(

π 3
n
)

π
n

→
?

S
o
l’
n
:

x
[n

]
h
a
s

p
er

io
d

N
=

4,
so

it
h
as

th
e

D
T

F
S

ex
p
an

si
on

s

D
T

F
S
:

x
[n

]=
x

0
+

x
1
e

j
2

π 4
n
+

x
2
e

j
4

π 4
n
+

x
3
e

j
6

π 4
n
.

L
et

x
1
=
|x 1

|ej
θ
1
.

D
T

F
S
:

x
[n

]=
x

0
+

2
|x 1

|c
o
s(

2
π 4
n
+

θ
1
)+

x
2
co

s(
4
π 4
n
).

N
o
te

x
3
=

x
∗ 1
.

S
in

c
e
:

x
3
e

j
6

π 4
n
=

x
∗ 1
e
−

j
2

π 4
n

an
d

e
j
π

n
=

co
s(

π
n
).

T
h
e
n
:

si
n
c

lo
w

p
as

s
fi
lt

er
el

im
in

at
es

co
m

p
on

en
ts

at
π 2

an
d

π
.

S
o
:

A
ll

th
at

’s
le

ft
is

d
c

te
rm

:
y
[n

]=
x

0
=

1 4
(7

+
5+

2+
6)

=
5

G
iv

e
n
:

1 4
-s

ec
on

d
sn

ip
p
et

o
f
si

gn
al

sa
m

p
le

d
at

32
S
A

M
P
L
E

S
E
C

O
N

D
.

M
a
tl
a
b
:
f
f
t

ou
tp

u
t:
[
0

0
0

3
+
4
i
0
3
-
4
i
0

0
]
.

S
ig

n
al

=
?

S
o
l’
n
:

[3
2

S
A

M
P
L
E

S
E
C

O
N

D
][

1 4
S
E

C
O

N
D

]=
8

S
A

M
P

L
E

S
ch

ec
k
s.

F
r
e
q
:
M
a
t
l
a
b
i
n
d
e
x

of
n
on

ze
ro

in
1s

t
h
al

f
of

ou
tp

u
t:

4
.

F
r
e
q
:

T
h
en

(4
–1

)
3
2 8
=

1
2

H
z

A
m

p
.

&
p
h
a
se

:
3
+

4
i=

5e
j
5
3

o

.

A
m

p
.:

2
5 8
=

1
.2

5
.
P

h
a
s
e
:

5
3

o
.

1
.2

5
co

s(
2
π
1
2
t
+

5
3

o
)

M
a
tl
a
b
:
f
f
t
(
1
.
2
5
*
c
o
s
(
2
*
p
i
*
1
2
*
[
0
:
7
]
/
3
2
+
a
t
a
n
(
4
/
3
)
)
)

G
iv

e
n
:

P
lo

t
of

ga
in

d
ip

s
to

0
o
n
ly

a
t

ω
=
{0

,
π 2
,−

π 2
}.

G
o
a
l:

G
iv

e
a

p
os

si
b
le

M
A

sy
st

em
h
av

in
g

th
is

ga
in

.

S
o
l’
n
:

Z
er

o
s

a
t
{0

,
π 2
,−

π 2
}.

M
A
→

n
o

p
o
le

s
(e

x
ce

p
t

a
t

o
ri

gi
n
).

S
o
:

H
(z

)=
(z

–
1
)(

z
–
e

j
π 2
)(

z
–
e
−

j
π 2
)=

(z
3
–
z
2
+

z
–
1
)/

z
3
.

N
o
te

:
P

u
t

3
p
o
le

s
a
t

o
ri

gi
n

z
=

0
to

m
a
k
e

th
e

sy
st

em
ca

u
sa

l.

A
n
s
w

e
r
:

y
[n

]
=

x
[n

]
−

x
[n

−
1
]
+

x
[n

−
2
]−

x
[n

−
3
].


