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Problem 3.1:

(a)

x(t) = 5 + 2ej 3π/4ej 50π t
+ 2e− j 3π/4ej (−50π)t

= 5 + 2ej (50π t+3π/4)
+ 2e− j (50π t+3π/4)

= 5 + 4 cos(50π t + 3π/4)

(b)

y(t) = x2(t − 0.01)

= (5 + 4 cos(50π(t − 0.01) + 3π/4))2

= (5 + 4 cos(50π t − π/2 + 3π/4))2

= (5 + 4 cos(50π t + π/4))2

=
(
5 + 2ej (50π t+π/4)

+ 2e− j (50π t+π/4)
)2

= 25+ 4 + 4 + 20ej (50π t+π/4)
+ 20e− j (50π t+π/4)

+ 4ej (100π t+2π/4)
+ 4e− j (100π t+2π/4)

= 33+ 20ej (50π t+π/4)
+ 20e− j (50π t+π/4)

+ 4ej (100π t+π/2)
+ 4e− j (100π t+π/2)

= 33+ 20ej π/4ej 50π t
+ 20e− j π/4e− j 50π t

+ 4ej π/2ej 100π t
+ 4e− j π/2e− j 100π t



(c)

y(t) = 2x(t) sin(200π t)

=
(
5 + 2ej (50π t+3π/4)

+ 2e− j (50π t+3π/4)
) (

ej 200π t
− e− j 200π t

2 j

)
=

(
5 + 2ej (50π t+3π/4)

+ 2e− j (50π t+3π/4)
) (

1
2e− j π/2ej 200π t

+
1
2ej π/2e− j 200π t

)
= 2.5e− j π/2ej 200π t

+ 2.5ej π/2e− j 200π t
+ ej 3π/4− j π/2ej 250π t

+ ej 3π/4+ j π/2e− j 150π t

+ e− j 3π/4− j π/2ej 150π t
+ e− j 3π/4+ j π/2e− j 250π t

= 2.5e− j π/2ej 200π t
+ 2.5ej π/2e− j 200π t

+ ej π/4ej 250π t
+ ej 5π/4e− j 150π t

+ e− j 5π/4ej 150π t
+ e− j π/4e− j 250π t

Problem 3.2:

(a)

X−5 = X∗

5 = (2ej π/6)∗
= 2e− j π/6

X2 = X5−2∗
= (−3 − j

√
3)∗

= −3 + j
√

3 = 2
√

3ej 5π/6

ω2 = −ω−2 = −(−π) = π rad/s

ω5 = 2(2.5ω2) = 2(π) = 2π rad/s

(b)

x(t) = 4 + 2
√

3ej 5π/6ej π t
+ 2

√
3e− j 5π/6e− j π t

+ 2ej π/6ej 2.5π t
+ 2e− j π/6e− j 2.5π t

= 4 + 4
√

3 cos(π t + 5π/6) + 4 cos(2.5π t + π/6)

(c) Thefundamental frequencyis ω0 = 0.5π rad/s, orf0 = 0.25 Hz. This is the greatest common divisor,
i.e., gcd(π, 2.5π).
Therefore, thefundamental periodof x(t) is T0 = 1/0.25 = 4 seconds.



Problem 3.3:



Problem 3.4:



Problem 3.5:

(a) #5. Period of (a) is 1s; fundamental frequency of #5 isf0 = 1 Hz.

(b) #2. Period of (b) is 1.5s; frequency of #2 isω = 3π rad/s. Phase ofφ = −π means thatx(t) is at a
negative peak att = 0.

(c) #4. Period of (c) is 2s; fundamental frequency of #4 isf0 = 0.5 Hz.

(d) #1. Period of (d) is 1s, DC value is+2, andφ > 0; frequency of #1 isf = 1 Hz with positive phase.

(e) #3. Period of (d) is 1s, DC value is+2, andφ < 0; frequency of #3 isf = 1 Hz with negative phase.

1. x(t) = 2 + 3 cos(2π t + π/2)

2. x(t) = 3 cos(2π(1.5)t + π)

3. x(t) = 2 + 3 cos(2π t − 0.4π)

4. x(t) = 3 cos(π t + 0.8π) + 3 cos(2π(1.5)t + π)

5. x(t) = 3 cos(2π t − 0.4π) + 3 cos(4π t + π)
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