
PROBLEM 7.1*:
In thecascade connectionof Fig. 1, Systems #1 and #2 are described by a difference equation and an impulse response:

y1[n] =
1
2x[n] + x[n − 1] +

1
2x[n − 2] and h2[n] =

1
2δ[n − 1] + δ[n − 2] +

1
2δ[n − 3]

Notice that the two filters are nearly identical: Filter #2 is a delayed version of Filter #1.

(a) The frequency response sequence,H1(ej ω̂), of the first system is:

H1(e
j ω̂) =

1
2 + e− j ω̂

+
1
2e− j 2ω̂

= e− j ω̂
(

1
2ej ω̂

+ 1 +
1
2e− j ω̂

)
= e− j ω̂ (

1 + cos(ω̂)
)

(b) The frequency response sequence,H2(ej ω̂), of the second system is:

H2(e
j ω̂) =

1
2e− j ω̂

+ e− j 2ω̂
+

1
2e− j 2ω̂

= e− j 2ω̂
(

1
2ej ω̂

+ 1 +
1
2e− j ω̂

)
= e− j 2ω̂

(
1 + cos(ω̂)

)
Thus the frequency response,H(ej ω̂), of the overall cascade system is:

H(ej ω̂) = H1(e
j ω̂)H2(e

j ω̂) = e− j ω̂ (
1 + cos(ω̂)

)
e− j 2ω̂

(
1 + cos(ω̂)

)
= e− j 3ω̂

(
1 + cos(ω̂)

)2

(c) The plot of the magnitude and phase of the frequency response of the overall cascaded system is below:
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(d) When the input to this system is
x[n] = 5 + 3 cos(1

3π(n − 1))

we evaluate the frequency response atω̂ = 0, 1
3π to determine the output signal,y[n].

at ω̂ = 0, H(ej ω̂)
∣∣
ω̂=0 = e− j 3ω̂

(
1 + cos(ω̂)

)2
= 2

at ω̂ =
1
3π, H(ej ω̂)

∣∣
ω̂=π/3 = e− j 3π/3 (1 + cos(π/3))2

= e− j π
(
1 +

1
2

)2
= 2.25e− j π

= −2.25

Thus the output signal is:

y[n] = 5 × 4 + (3 × 2.25) cos(1
3π(n − 1) − π) = 20+ 6.75 cos(1

3πn − 4π/3)

This formula fory[n] is valid over the range−∞ ≤ n ≤ ∞.



PROBLEM 7.2*:
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PROBLEM 7.3*:





PROBLEM 7.5*:

(a) Write the difference equation that gives the relation between the inputx[n] and the outputy[n].

H(ej ω̂) =

(
1 + e− j 2ω̂

) (
1 + e− j 4π/3e− j ω̂

) (
1 + e− j 2π/3e− j ω̂

)
=

(
1 + e− j 2ω̂

) (
1 +

(
e+ j 2π/3

+ e− j 2π/3
)

e− j ω̂
+ e− j 2ω̂

)
= 1 + 2 cos(2π/3)e− j ω̂

+ (1 + 1)e− j 2ω̂
+ 2 cos(2π/3)e− j 3ω̂

+ e− j 4ω̂

= 1 − e− j ω̂
+ 2e− j 2ω̂

− e− j 3ω̂
+ e− j 4ω̂

The difference equation is

y[n] = x[n] − x[n − 1] + 2x[n − 2] − x[n − 3] + x[n − 4]

(b) Determine the impulse response of this system by using the coefficients of the expression forH(ej ω̂).

h[n] = δ[n] − δ[n − 1] + 2δ[n − 2] − δ[n − 3] + δ[n − 4]

Stem Plot is here
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(c) If the input is a complex exponential of the formx[n] = Aej φej ω̂n, theny[n] = 0 for all n, wheneverH(ej ω̂) = 0 for
thatω̂. Using the factored form ofH(ej ω̂), we can set each factor equal to zero:(

1 + e− j 2ω̂
)

= 0 =⇒ ω̂ = ±π/2(
1 + e− j 4π/3e− j ω̂

)
= 0 =⇒ ω̂ = π − 4π/3 = −π/3(

1 + e− j 2π/3e− j ω̂
)

= 0 =⇒ ω̂ = π − 2π/3 = π/3

(d) The output of this system when the input is

x[n] = 3 + 7δ[n − 1] + 13 cos(0.5πn − π/4) for −∞ < n < ∞

can be determined bySuperposition.

x1[n] = 3 =⇒ y1[n] = H(ej 0) × 3 = 2 × 3 = 6

x2[n] = 7δ[n − 1] =⇒ y2[n] = 7h[n − 1]

= 7δ[n − 1] − 7δ[n − 2] + 14δ[n − 3] − 7δ[n − 4] + 7δ[n − 5]

x3[n] = 13 cos(0.5πn − π/4) =⇒ y3[n] = 13
∣∣∣H(ej 0.5π )

∣∣∣ cos
(
0.5πn − π/4 + 6 H(ej 0.5π )

)
= 0

because we have already noted thatH(ej ω̂) = 0 atω̂ = ±π/2. Finally, we get

y[n] = y1[n] + y2[n] + y3[n]

= 6 + 7δ[n − 1] − 7δ[n − 2] + 14δ[n − 3] − 7δ[n − 4] + 7δ[n − 5]


