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Assignment 1:

a)

x(t) = 5 cos(2π20t) + 2 cos(2π70t) cos(2π20t)

= 5 cos(2π20t) + 2

(
ej2π70t + e−j2π70t

2

) (
ej2π20t + e−j2π20t

2

)

= 5 cos(2π20t) + cos(2π50t) + cos(2π90t).

b) Straightforward with answer from a)

c) Since200 = fs > 2fmax = 180, we havey(t) = x(t).

d) Forfs = 80 Hz, aliasing occurs for all terms with frequency above 40 Hz,
which is the case for the two sinusoids at frequencies 50 and 90 Hz.

Let x1(t) = cos(2π50t) andx2(t) = cos(2π90t).

Samplingx1(t) givesω̂ = 2π50
80

> π. Aliases are given by

ω̂ =
5π

4
+ 2πl, l ∈ Z,

ω̂ = −
5π

4
+ 2πl, l ∈ Z.

Hence the principal alias iŝω = 3π
4

(folded). This givesx1[n] = cos(3π
4
n)

and hencey1(t) = cos(3π
4

80t) = cos(2π(30)t).

Samplingx2(t) givesω̂ = 2π90
80

> π. Aliases are given by

ω̂ =
9π

4
+ 2πl, l ∈ Z,

ω̂ = −
9π

4
+ 2πl, l ∈ Z.

Hence the principal alias iŝω = π
4
. This givesx2[n] = cos(π

4
n) and hence

y2(t) = cos(π
4
80t) = cos(2π10t).
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Alternatively, we have

x1[n] = cos(2π50
n

80
) = cos(

5π

4
n)

= cos(−
5π

4
n) = cos(−

5π

4
n + 2π) = cos(

3π

4
n).

Hence,y1(t) = cos(3π
4

80t) = cos(2π30t).
Similarly we have,

x2[n] = cos(2π90
n

80
) = cos(

9π

4
n)

= cos(
9π

4
n − 2π) = cos(

π

4
n).

Hence,y2(t) = cos(π
4
80t) = cos(2π10t).

We concludey(t) = 5 cos(2π20t) + cos(2π30t) + cos(2π10t). From this
expression the spectrum sketch is straightforward.
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Assignment 2:

a)

H(z) =

L−1∑

n=0

(−1)nz−n =

L−1∑

n=0

(−z−1)n =
1 − (−z−1)L

1 + z−1
=

1 − (−1)Lz−L

1 + z−1

b)

H(z) =
1 − z−4

1 + z−1
=

z4 − 1

z3(z + 1)
.

Hence, four zeros atz = ej 2π
4

k = ej π
2
k, k = 0, . . . , 3, three poles atz = 0

and one pole atz = −1.
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c)

H(ejω̂) =
1 − e−j4ω̂

1 + e−jω̂
=

e−j2ω̂(ej2ω̂ − e−j2ω̂)

e−jω̂/2(ejω̂/2 + e−jω̂/2)
=

sin(2ω̂)

cos(ω̂/2)
e−j( 3

2
ω̂−π

2
)
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d)
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e) SinceH(ej0) = H(ej π
2 ) = 0 andH(ejπ) = 4, we have

y1[n] = y2[n] = 0

and

y3[n] = 4 cos(πn +
π

4
).

f) Since the system is LTI we have

y[n] = −3 ∗ 4 cos(π(n − 1) +
π

4
) = −12 cos(π(n − 1) +

π

4
).
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Assignment 3:

a) Using the coefficients from the difference equation we find

H(z) =
Y (z)

X(z)
=

3 − 4z−1

1 + 0.9z−1
.

b) Zeros:z = 4/3.
Poles:z = −9/10.
The system is stable because the pole is located inside the unit circle.

c) X[n] = δ[n]:

y[n] = h[n] =







0 n < 0

3 n = 0

(3 + 410
9
)(−0.9)n n > 0.

d) The inputx[n] = 2ej π
3
nu[n] is of the standard formanu[n]

Z
↔ 1

1−az−1 .
Settinga = ej π

3 , we find

X(z) =
2

1 − ej π
3 z−1

.

e)

Y (z) = H(z)X(z) =
3 − 4z−1

1 + 0.9z−1

2

1 − ej π
3 z−1

.

f) We use partial fraction expansion to find the coefficentsA, andB in

Y (z) =
A

1 + 0.9z−1
+

B

1 − ej π
3 z−1

.

We find

A = Y (z)(1 + 0.9z−1)|z=−0.9 =
148

9

1 + 10
9
ej π

3

,
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and

B = Y (z)(1 − ej π
3
z−1

)|z=ejπ/3 =
6 − 8e−j π

3

1 + 0.9e−j π
3

.

Using the inverse z-transform of each term we find

y[n] = A(−0.9)nu[n]
︸ ︷︷ ︸

transient

+ Bej π
3
nu[n]

︸ ︷︷ ︸

steady state

.

6


