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Problem 1.

1. We have

X∗[−k mod N ] = X∗[N − k]

=
N−1∑
n=0

(g∗1[n]− jg∗2[n]) ej( 2π
N )(N−k)n

=
N−1∑
n=0

(g1[n]− jg2[n]) ej( 2π
N )(N−k)n

=
N−1∑
n=0

(g1[n]− jg2[n]) e−j( 2π
N )kn

= G1[k]− jG2[k]

where the second equality is due to g1 and g2 being real, and the third equality follows

from ej( 2π
N )Nn = 1.

2. We know that

X[k] = G1[k] + jG2[k],

X∗[−k mod N ] = G1[k]− jG2[k].

Therefore,

G1[k] =
1

2
(X[k] + X∗[−k mod N ]) ,

G2[k] =
1

2j
(X[k]−X∗[−k mod N ]) .

3.

V [k] =
2N−1∑
n=0

v[n]e−j( 2π
2N )kn

=
N−1∑
n=0

v[2n]e−j( 2π
2N )k2n +

N−1∑
n=0

v[2n + 1]e−j( 2π
2N )k(2n+1)

=
N−1∑
n=0

g1[n]e−j( 2π
N )kn +

N−1∑
n=0

g2[n]e−j( 2π
N )kne−j( 2π

2N )k

= G1[k] + e−j( π
N )kG2[k]



Problem 2.

1.

X̃[k] =
N−1∑
n=0

x̃[n]e−j( 2π
N )kn

X̃3[k] =
3N−1∑
n=0

x̃[n]e−j( 2π
3N )kn

=
N−1∑
n=0

x̃[n]e−j( 2π
3N )kn +

2N−1∑
n=N

x̃[n]e−j( 2π
3N )kn +

3N−1∑
n=2N

x̃[n]e−j( 2π
3N )kn

=
N−1∑
n=0

x̃[n]e−j( 2π
3N )kn +

N−1∑
n=0

x̃[n]e−j( 2π
3N )k(n+N)

+
N−1∑
n=0

x̃[n]e−j( 2π
3N )k(n+2N)

=
(
1 + e−j( 2π

3 )k + e−j( 2π
3 )2k

) N−1∑
n=0

x̃[n]e−j( 2π
3N )kn

=

(
1 + 2(−1)k cos(

πk

3
)

) N−1∑
n=0

x̃[n]e−j( 2π
N ) k

3
n

=

{
3X̃[k/3], for k = 3l
0, else

2. The signal in question signal has period 2, therefore with N = 2 the DFT is

X̃[k] =
1∑

n=0

x̃[n]e−j( 2π
2 )kn

= (1 + 2e−j( 2π
2 )k)

= (1 + 2(−1)k)

=

{
3, for k = 0
−1, for k = 1

For N = 6 the DFT becomes,

X̃3[k] =
5∑

n=0

x̃[n]e−j( 2π
6 )kn

=
(
1 + e−j( 2π

6 )2k + e−j( 2π
6 )4k

)
+ 2

(
e−j( 2π

6 )k + e−j( 2π
6 )3k + e−j( 2π

6 )5k
)

=
(
1 + e−j( 2π

6 )2k + e−j( 2π
6 )4k

)
+ 2e−j( 2π

6 )k
(
1 + e−j( 2π

6 )2k + e−j( 2π
6 )4k

)

=
(
1 + e−j( 2π

3 )k + e−j( 2π
3 )2k

)
(1 + 2(−1)

k
3 )

=





9, for k = 0
−3, for k = 3
0, for k = 1, 2, 4, 5
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Problem 3.

1.

X̃1[k] =
14∑

n=0

e−3ne−j 2π
15

kn =
14∑

n=0

(
e−3ne−j 2π

15
k
)n

=
1− e−45

1− e−(3+j 2π
15

k)

2.

X̃2[k] =
1∑

n=0

x̃2[n]e−j( 2π
2 )kn

= 1− e−j( 2π
2 )k

= 1− (−1)k

=

{
0, for k even
2, for k odd

3.

X̃3[k] =
3∑

n=0

x̃3[n]e−j( 2π
4 )kn

= (1 + e−j( 2π
4 )k)− (e−j( 2π

4 )2k + e−j( 2π
4 )3k)

= (1− (−1)k)(1 + e−j(π
2 )k)

=

{
0, for k even
2(1 + (−j)k), for k odd

Problem 4.

1.
(

1

8

7∑

k=0

X[k]ej( 2π
8 )kn

) ∣∣∣∣∣
n=9

=
1

8

7∑

k=0

X[k]ej( 2π
8 )k(8+1)

=
7∑

k=0

X[k]ej( 2π
8 )k = x[1].

2.

w[n] =
1

4

3∑

k=0

X[k]ej( 2π
4 )kn +

1

4

3∑

k=0

X[k + 4]ej( 2π
4 )kn

=
1

4

3∑

k=0

X[k]ej( 2π
4 )kn +

1

4

7∑

k=4

X[k]ej( 2π
4 )(k−4)n

=
1

4

3∑

k=0

X[k]ej( 2π
4 )kn +

1

4

7∑

k=4

X[k]ej( 2π
4 )kn (ej( 2π

4 )4n = 1)

=
1

4

7∑

k=0

X[k]ej( 2π
8 )k(2n)

= 2x[2n].
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3. Note that Y [k] = X[k] + (−1)kX[k]. Therefore we have

y[n] =
1

8

7∑

k=0

X[k]ej( 2π
8 )kn +

1

8

7∑

k=0

X[k](−1)kej( 2π
8 )kn

=
1

8

7∑

k=0

X[k]ej( 2π
8 )kn +

1

8

7∑

k=0

X[k]ej( 2π
8 )k(n+4)

= x[n] + x[n + 4 mod 8].
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