
H10-08 Solutions

Prob 1

(a)

x[n] = 1 + cos(
π

3
n)

⇒ x[0] = 2, x[1] =
3
2
, x[2] =

1
2
, x[3] = 0, x[4] =

1
2
, x[5] = −3

2

and No = 6, ωo =
2π

6

xk =
1

No

No−1∑

n=0

x[n]e−jkωon =
1
6

5∑

n=0

x[n]e−jk 2π
6

n

=
1
6
[2 +

3
2
e−jk 2π

6 +
1
2
e−jk 4π

6 + 0 +
1
2
e−jk 8π

6 +
1
2
e−jk 10π

6 ]

⇒ xo = 1, x1 =
1
2
, x2 = x3 = x4 = 0, x5 =

1
2

And for other k values, xk+6 = xk.

A shortcut is to write

x[n] = 1 +
1
2
ej π

3
n +

1
2
e−j π

3
n = 1 +

1
2
ej 2π

6
n +

1
2
e−j 2π

6
n

and compare to the DTFS expression to conclude

x0 = 1, x1 = x−1 =
1
2
, x2 = x3 = x4 = 0, and xk+6 = xk

(b)

No = 3, ωo =
2π

3

xk =
1

No

2∑

n=0

x[n]e−jkωon =
1
3
[3− 3e−jk 2π

3 ]

⇒ xo = 0, x1 = 1− e−j 2π
3 , x2 = 1− e−j 4π

3

And for other k values, xk+3 = xk.

x1 = 1− cos
2π

3
+ j sin

2π

3
=

3
2

+ j

√
3

2
⇒ |x1| =

√
6

2
, ∠x1 ≈ π

5
x2 = x−1 = x∗1

1



|x
k
|

k

Ð x
k

k

...

......

...

1 32

1

−1

−2

2

3−3

−π

π

(c)

No = 4 ⇒ ωo =
π

2

xk =
1

No

3∑

n=0

x[n]e−jk π
2
n

=
1
4
[1 +

π

2
e−jk π

2︸ ︷︷ ︸
(−j)k

+0 +
π

2
e−jk 3π

2︸ ︷︷ ︸
(j)k

]

⇒ xo =
1
2
, x2 = 0, x3 =

1
4
, xk+4 = xk

|x
k
|

k

Ð x
k

k

...

......

...

1 32

1−1 2

−1−3

−2

(all zeros)

2



(d)

21
n

... ...

x[n]

1

No = 4 ⇒ ωo =
π

2

xk =
1
4

3∑

n=0

x[n]e−jk π
2
n =

1
4
[0 + e−jk π

2 + 0 + 0]

=
1
4
(−j)k, xk+4 = xk

|xk| =
1
4
, ∠xk = −k

π

2

⇒ ∠xo = 0, ∠x1 = −π

2
, ∠x2 = π, ∠x3 = −3π

2
=

π

2
, Sketch as odd function

|x
k
|

k

Ð x
k

k

...

......

...

1 32

1

−1

2−3

−2 3

0

1/4

−π

π

Prob 2

(a)

ωo = π ⇒ No = 2

xo =
1
2
, x1 = −1

2

x[n] =
1∑

k=0

xke
jkωon =

1
2
− 1

2
ejπn =

1
2
− 1

2
(−1)n

3



=
{

0, n even
1, n odd

(b)

x[n] =
1∑

k=0

xke
jkωon =

1∑

k=0

1
2
ejkπn =

1
2

+
1
2
(−1)n

=
{

1, n even
0, n odd

(c)

ωo =
π

3
⇒ No = 6

x[n] =
5∑

k=0

xke
jk π

3
n

= −1 + ej 2π
3

n − 2ejπn + ej 4π
3

n

= −1 + ej 2π
3

n − 2(−1)n + e−j 2π
3

n

= −1− 2(−1)n + 2 cos(
2π

3
n)

Prob 3

x[n] = −x[n− No

2
] , No even

xk =
1

No

No−1∑

n=0

x[n]e−jkωon

=
1

No

No
2
−1∑

n=0

x[n]e−jkωon +
1

No

No−1∑

n=No
2

x[n]e−jkωon

Let m = n− No
2

xk =
1

No

No
2
−1∑

n=0

x[n]e−jkωon +
1

No

No
2
−1∑

m=0

x[m +
No

2
]e−jkωo(m+No

2
)

But x[m + No
2 ] = −x[m],

and e−jkωo
No
2 = e−jkπ = (−1)k

⇒ xk =
1

No

No
2
−1∑

n=0

[x[n]− (−1)kx[n]]e−jkωon

= 0, if k is even.

4



Prob 4

x[n] =
4∑

k−0

xke
jk 2π

5
n

= −2ej 2π
5

n − 2ej 8π
5

n

= −2ej 2π
5

n − 2e−j 2π
5

n

= −4 cos(
2π

5
n)

Prob 5

(a)

N̂o = No, ω̂o

x̂k =
1

No

No−1∑

n=0

x̂[n]e−jkωon

=
1

No

No−1∑

n=0

x[n +
No

2
]e−jkωon

Let m = n + No
2

x̂k =
1

No

No/2+No−1∑

m=No/2

x[m]e−jkωo(m−No/2)

= e−jkωo
No
2

No

2

∑

m=<No>

x[m]e−jkωom

But ωo
No
2 = π, so

x̂k = (−1)kxk

(b) Assume N̂o = No, ω̂o = ωo. (This might not be the case, e.g. x[n] = (−1)n). Then

x̂k =
1

No

No−1∑

n=0

(−1)nx[n]e−jkωon

=
1

No

No−1∑

n=0

x[n]ejπne−jkωon

=
1

No

No−1∑

n=0

x[n]e−j ωoNo
2

nejkωon

=
1

No

No−1∑

n=0

x[n]e−j(k−No
2

)ωon

= xk−No
2

5


