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Assignment 1:

a) x(t) = (2 + 6 sin(2π100t)) cos(2π20t)

=
(

2 + 6 cos(2π100t− π

2
)
)

cos(2π20t)

= 2 cos(2π20t)+

6

(
ej(2π100t−π

2
) + e−j(2π100t−π

2
)

2

)(
ej2π20t + e−j2π20t

2

)

= 2 cos(2π20t) + 3

(
ej(2π80t−π

2
) + e−j(2π80t−π

2
)

2

)

+ 3

(
ej(2π120t−π

2
) + e−j(2π120t−π

2
)

2

)

= 2 cos(2π20t) + 3 cos(2π80t− π

2
) + 3 cos(2π120t− π

2
).

Hence,A1 = 2, ω1 = 2π20, φ1 = 0, A2 = 3, ω2 = 2π80, φ2 = −π
2

and
A3 = 3, ω3 = 2π120, φ3 = −π

2
.

b) Follows trivially from a).

c) fs ≥ 2fmax = 240 Hz.

d) Sincefs > 2fmax we conclude thaty(t) = x(t).

e) Letx1(t) = 2 cos(2π20t), x2(t) = 3 cos(2π80t−π
2
) andx3(t) = 3 cos(2π120t−

π
2
). Sincefs = 70 Hz we havey1(t) = x1(t). Moreover, we have

x2[n] = 3 cos(2π
8

7
n − π

2
) = 3 cos(2π

1

7
n − π

2
),

so thaty2(t) = 3 cos(2π10t− π
2
). Also,

x3[n] = 3 cos(2π
12

7
n− π

2
) = 3 cos(−2π

2

7
n− π

2
) = 3 cos(2π

2

7
n+

π

2
),

so thaty3(t) = 3 cos(2π20t + π
2
). Hence,

y(t) = 2 cos(2π20t) + 3 cos(2π10t − π

2
) + 3 cos(2π20t +

π

2
).
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Assignment 2:

a)

H1(z) =

L−1∑

n=0

ej π
3
nz−n =

L−1∑

n=0

(
z−1ej π

3

)n
=

1 − z−Lej π
3
L

1 − z−1ej π
3

.

b) ForL = 4, H1(z) becomes

H1(z) =
1 − z−4ej 4π

3

1 − z−1ej π
3

=
z4 − ej 4π

3

z4 − z3ej π
3

=
z4 − ej 4π

3

z3
(
z − ej π

3

) .

c) Zeros:z4 = ej( 4π
3

+2πk) ⇒ z = ej(π
3
+ π

2
k), k = 0, . . . , 3.

Poles: 3 poles at z=0, and one pole atz = ej π
3 .

The impulse response is of finite length, and therefore it is aFIR system. A
FIR system is always stable. This is also clear from the fact that all poles
lie inside the unit circle.
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d)

H1(e
jω) =

1 − e−4jωej 4π
3

1 − e−jωej π
3

=
1 − e−4j(ω−π

3
)

1 − e−j(ω−π
3
)

=
e−j(ω−π

3
)2

e−j(ω−π
3
) 1

2

(

ej(ω−π
3
)2 − e−j(ω−π

3
)2

ej(ω−π
3
) 1

2 − e−j(ω−π
3
) 1

2

)

= e−j(3

2
ω−π

2
) sin(2(ω − π

3
))

sin(1
2
(ω − π

3
))

.

Hence,

|H(ejω)| =

∣
∣
∣
∣

sin(2(ω − π
3
))

sin(1
2
(ω − π

3
))

∣
∣
∣
∣
.

Zeros atω = −1π
6

, ω = −4π
6

andω = 5π
6

. At ω = 1π
3

we get 0
0

and using
l’Hôpital’s rule (or Taylor series expansion:sin(x) ≈ x for smallx) we get
|H(ej π

3 )| = 4. The phase response is given by

∠H(ejω) = −3

2
ω +

π

2
.
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e) |H(ej 5π
6 )| = 0, thusy1[n] = 0. |H(ej π

3 )| = 4 and∠H(ej π
3 ) = 0, thus

y2 = 4ej(π
3
n+ π

2
). |H(ej0)| =

√
3 and∠H(ej0) = π

2
, thusy3 = 2

√
3ej π

2 . The
output of the system is thus given by

y[n] = 4ej(π
3
n+ π

2
) − 2

√
3ej π

2 .

f) H2(z) = 1 − z−1.

g) H(z) = H2(z)H1(z).

h) We can swap the order ofH2(e
jω) andH1(e

jω). Hence,

H2(e
jω) = 1 − e−jω = e−jω/2

(
ejω/2 − e−jω/2

)

= 2je−jω/2 sin (ω/2) = 2e−j(ω/2−π
2
) sin (ω/2) .

At ω = 0 we haveH2(e
j0) = 0. Further we haveH2(e

j π
3 ) = 0.5 and

∠H(ej π
3 ) = π

3
. Therefore,y[n] = 0.5 · 4ej(π

3
n+ π

2
+ π

3
) = 2ej(π

3
n+ 5π

6
)
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Assignment 3:

a)

H(z) =
1 − 2z−1

1 − 0.4z−1
=

z − 2

z − 0.4
.

b) Zero atz = 2 and a pole atz = 0.4. Since the pole lies inside the unit circle,
the system is stable.

c) x[n] = δ[n]:

y[n] = h[n] =







0 n < 0

1 n = 0

(1 − 2 · 0.4−1)0.4n 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) The outputY (z) of the system is given by

Y (z) = H(z)X(z) =
1 − 2z−1

1 − 0.4z−1
· 2

1 − ej π
3 z−1

.

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

Y (z) =
A

1 − 0.4z−1
+

B

1 − ej π
3 z−1

.

We find

A = Y (z)(1 − 0.4z−1)|z=0.4 =
−8

1 − 2.5ej π
3

,

and

B = Y (z)(1 − ej π
3
z−1

)|
z=ej π

3
=

2 − 4e−j π
3

1 − 0.4e−j π
3

.
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Using the inverseZ-transform of each term we find

y[n] = A 0.4nu[n]
︸ ︷︷ ︸

transient

+ Bej π
3
nu[n]

︸ ︷︷ ︸

steady state

.
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