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• Unless stated otherwise, JUSTIFY your reasoning clearly to receive any partial credit.
Explanations are also required to receive full credit for any answer.

• You must write your answer in the space provided on the exam paper itself.
Only these answers will be graded. Circle your answers, or write them in the boxes provided.
If space is needed for scratch work, use the backs of previous pages.

Problem Value Score

1 32

2 32

3 33

Rec 3

Total 100



Problem Q1.1:

(8 pts each) Each part of this problem is independent of the others.

(a) Let r be a complex number where |r| = 1 and � r = π/3. Find and plot one possible value for
the complex vector rj. (The answer is not unique. Bonus +1: find a second distinct value)

(b) Find and sketch the complex number x = j cos(θ) − sin(θ) where θ represents an angle in the
first quandrant.

(c) Use the inverse Euler relations to find the value of x = cos(−jπ/7). Show your work (do not just
plug into a calculator). Please make note of the j inside the argument.

(d) Find a complex numerical value for:

z =
11∑

k=1

ej(2πk/12+π−1)



Problem Q1.2:

All parts are mutually unrelated.

(a) (9 pts) Express 3 cos(3πt + π/3) + 2 cos(3πt − π/3) as A cos(ω0t + φ).

A = φ = (in radians) ω0 = (in radians/second)

Be sure that A is a positive, real number. Also express φ as a decimal number, −π < φ ≤ π.

(b) (9 pts) Consider the sinusoidal signal plotted below.
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This signal may be written in the form A cos(ωt + φ). Find A, ω, and φ.

A = ω = φ =
Be sure that A is a positive, real number. Also express φ as a decimal number, −π < φ ≤ π.



(c) (7 pts) For P = 3e−jπ/5, express �e{Pe−j10πt} in standard cosine form, i.e., as A cos(ωt + φ).

(d) (7 pts) Simplify the following expression:

x(t) =
40∑

k=0

cos
(

206πt +
k

10
2π

)

You should be able to do this without doing any explicit calculations!



Problem Q1.3:

All parts are mutually unrelated.

(a) (9 points) Consider the signal:

x(t) = cos2(60πt)

which can be written as:
x(t) = A + B cos(αt)

Using the Euler and/or inverse Euler relations, find A, B, and α.

A = . B = . α = .

(b) (8 pts) Find a complex-valued signal z1(t) = (Aejϕ)ejωt such that

�e{ d
dtz1(t)} = 7cos(50π(t − 0.01))

(Express your answer in decimal form where A ≥ 0 and −π < ϕ ≤ π in radians)

A = . ϕ = . ω = .



(c) (8 pts) Consider the complex integral:

z =
∫ t0

0.01
ej(100πt+π/11)dt

Find the smallest value of t0 > 0.01 such that z = 0. (You should not have to perform an
integral.)

(d) (8 pts) Consider the following simultaneous equations by using complex amplitudes, i.e., phasors,

sin(ω0t + π/3) = A1 cos(ω0t + ϕ1) + A2 cos(ω0t + ϕ2 − π/3)
2 cos(ω0t − π/7) = A1 cos(ω0t + ϕ1) + A2 cos(ω0t + ϕ2 − π/3 − π)

where the unknown amplitudes (Ak) are positive, and the unknown phases (ϕk) lie between ±π.
Solve for A1 and ϕ1. (Once you set the problem up correctly, the solution is straightforward.)
Express your answers in decimal form.

A1 = . ϕ1 = .
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Problem Q1.1:

(8 pts each) Each part of this problem is independent of the others.

(a) Let r be a complex number where |r| = 1 and 6 r = π/3. Find and plot one possible value for
the complex vector rj. (The answer is not unique. Bonus +1: find a second distinct value)

r = ejπ/3, rj = e−π/3 = 0.3509. Also r = ej(π/3+2πk), rj = e−π/3−2πk. For k = −1,
rj = 187.91.

(b) Find and sketch the complex number x = j cos(θ) − sin(θ) where θ represents an angle in the
first quandrant.

x = jejθ = ej(θ+π/2). Therefore x is in the second quadrant with length 1 and angle θ + π/2.

(c) Use the inverse Euler relations to find the value of x = cos(−jπ/7). Show your work (do not just
plug into a calculator). Please make note of the j inside the argument.

cos(α) = ejα+e−jα

2 . cos(jα) = e−α+eα

2 . For α = −π/7, x = 1.1024.

(d) Find a complex numerical value for:

z =
11∑

k=1

ej(2πk/12+π−1)

∑11
k=0 ej(2πk/12+π−1) = 0. Therefore

∑11
k=1(∗) = 0 − ejπ−1



Problem Q1.2:

All parts are mutually unrelated.

(a) (9 pts) Express 3 cos(3πt + π/3) + 2 cos(3πt − π/3) as A cos(ω0t + φ).

A =2.6458 φ = 0.3335(in radians) ω0 =3π = 9.425 (in radians/second)

Be sure that A is a positive, real number. Also express φ as a decimal number, −π < φ ≤ π.

Aejφ = 3ejπ/3 + 2e−jπ/3 = 2.6458ej0.3335

(b) (9 pts) Consider the sinusoidal signal plotted below.
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This signal may be written in the form A cos(ωt + φ). Find A, ω, and φ.

A =0.75 ω =0.4189 φ =2.0944
Be sure that A is a positive, real number. Also express φ as a decimal number, −π < φ ≤ π.

A looks like 0.75. Two periods are 30 seconds, so T = 15, ω = 2π/15. The sinusoid is advanced
by 1/3 of a period, so φ = 2π/3.



(c) (7 pts) For P = 3e−jπ/5, express ℜe{Pe−j10πt} in standard cosine form, i.e., as A cos(ωt + φ).

= ℜe{3e−jπ/5e−j10πt} = 3ℜe{e−j(10πt+π/5)} = 3cos(10πt + π/5)

(d) (7 pts) Simplify the following expression:

x(t) =
40∑

k=0

cos
(

206πt +
k

10
2π

)

You should be able to do this without doing any explicit calculations!

Since
∑39

k=0(∗) = 0,
∑40

k=0(∗) = cos
(
206πt + 40

102π
)

= cos (206πt)



Problem Q1.3:

All parts are mutually unrelated.

(a) (9 points) Consider the signal:

x(t) = cos2(60πt)

which can be written as:
x(t) = A + B cos(αt)

Using the Euler and/or inverse Euler relations, find A, B, and α.

cos2(θ) =
(

ejθ+e−jθ

2

)2
= ej2θ

4 + e−j2θ

4 + 1
2 = 1

2 + cos(120πt))
2

A = 0.5 B =0.5 α = 120π

(b) (8 pts) Find a complex-valued signal z1(t) = (Aejϕ)ejωt such that

ℜe{ d
dtz1(t)} = 7cos(50π(t − 0.01))

(Express your answer in decimal form where A ≥ 0 and −π < ϕ ≤ π in radians)

A = 7
50π ϕ = π. ω = 50π

Fist of all, ω = 50π. Also 7 cos(50π(t − 0.01)) = 7 cos(50πt − π/2)) = 7 sin(50πt). This is
the derivative of −7

50π cos(50πt). Therefore z1(t) corresponds to a cosine of complex amplitude
Aejϕ = 7

50π ejπ and frequency ω = 50π.



(c) (8 pts) Consider the complex integral:

z =
∫ t0

0.01
ej(100πt+π/11)dt

Find the smallest value of t0 > 0.01 such that z = 0. (You should not have to perform an integral.)

The complex exponential in question repeats every 0.02 seconds. Its integral over an interval of
width 0.02 will therefore be zero. Hence t0 = 0.03.

(d) (8 pts) Consider the following simultaneous equations by using complex amplitudes, i.e., phasors,

sin(ω0t + π/3) = A1 cos(ω0t + ϕ1) + A2 cos(ω0t + ϕ2 − π/3)
2 cos(ω0t − π/7) = A1 cos(ω0t + ϕ1) + A2 cos(ω0t + ϕ2 − π/3 − π)

where the unknown amplitudes (Ak) are positive, and the unknown phases (ϕk) lie between ±π.
Solve for A1 and ϕ1. (Once you set the problem up correctly, the solution is straightforward.)
Express your answers in decimal form.

A1 = 1.4991. ϕ1 = −0.4737.

ej(π/3−π/2) = A1e
jϕ1 + A2e

j(ϕ2−π/3)

2e−j(π/7) = A1e
jϕ1 − A2e

j(ϕ2−π/3)

Adding the two equations results in:
2A1e

jϕ1 = ej(π/3−π/2) + 2e−j(π/7), A1 = 1.4991, ϕ = −0.4737


