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PROB. Sp23-Q1.1.
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Consider the seven sinusoids shown in the figure; they all have
the same amplitudes and frequencies, they differ only in their
phases. The axes are not labeled.

Match each equation below to its corresponding plot. Indicate
answers by writing a letter (from {A ... G}) in each answer box:

(C) x( t ) = Re{Xejπt}, where X = cos(0.6π) + jsin(0.6π)

(E) x( t ) = sin(πt + 0.9π)

(B) x( t ) = 0.5ej(πt + 0.2π) + 0.5e–j(πt + 0.2π)

(D) x( t ) = 2cos2(0.5πt) – 1

(G) x( t ) = –sin(πt + 1.3π)

(F) x( t ) = –cos(1.4π – πt)

(A) x( t ) = cos(π(t – 2.6))



PROB. Sp23-Q1.2.

Solve each equation below for the unknowns A > 0 and ϕ∈(–π, π]. (The different parts are unrelated.)

(a) cos( ) + jsin( )  = Aejϕ:

(b) cos(7πt + ϕ) = Acos(7πt) – sin(7πt),  for all t:

(c)
k=1

17
cos (t – k)  = Acos( t + ϕ), for all t:

ϕ =

∈(–π, π],

A =  > 0,

96
π
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π
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A =  > 0,

1
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π
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PROB. Sp23-Q1.3.

If the spectrum for:

x( t ) =  A1cos(2πf1t + ϕ) + A2cos(2πf2(t – )) + Re{(a + jb)ej100πt} 

is:

then the unspecified constants (in standard form) must be:

1
300
---------

-90 -50 -30 30 50 90

2 + 2j

f (Hz)

2ejπ/3

4e–j0.2π4e j0.2π

2e–jπ/3
2 – 2j

ϕ =

∈(–π, π],

A1 =  > 0,

f1 =  > 0,

A2 =  > 0,

f2 =  > 0,

a =  ,

b =  .
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ANSWER KEY A



PROB. Sp23-Q1.1.
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Consider the seven sinusoids shown in the figure; they all have
the same amplitudes and frequencies, they differ only in their
phases. The axes are not labeled.

Match each equation below to its corresponding plot. Indicate
answers by writing a letter (from {A ... G}) in each answer box:

(C) x( t ) = Re{Xejπt}, where X = cos(0.6π) + jsin(0.6π)

(E) x( t ) = sin(πt + 0.9π)

(B) x( t ) = 0.5ej(πt + 0.2π) + 0.5e–j(πt + 0.2π)

(D) x( t ) = 2cos2(0.5πt) – 1

(G) x( t ) = –sin(πt + 1.3π)

(F) x( t ) = –cos(1.4π – πt)

(A) x( t ) = cos(π(t – 2.6))

A

F

G

D

B

E

C

= cos(π(t – 0.6))

T = 2

= cos(π(t – 0.3T))

0
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0.
2
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.1
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–0
.1
T

–0
.2
T

–0
.3
T

= cos(πt + 0.2π)

= cos(π(t + 0.2))

= cos(π(t + 0.1T))

= cos(πt + 0.6π)

= cos(π(t + 0.6))

= cos(π(t + 0.3T))

= cos(πt)

= cos(πt + 0.4π)

= cos(π(t + 0.4))

= cos(π(t + 0.2T))

= cos(πt – 0.4π)

= cos(π(t – 0.4))

= cos(π(t – 0.2T))

= cos(πt + 1.8π) = cos(πt – 0.2π)

= cos(π(t – 0.2))

= cos(π(t – 0.1T))

TIME OF PEAK



PROB. Sp23-Q1.2.

Solve each equation below for the unknowns A > 0 and ϕ∈(–π, π]. (The different parts are unrelated.)

(a) cos( ) + jsin( )  = Aejϕ:

(b) cos(7πt + ϕ) = Acos(7πt) – sin(7πt),  for all t:

(c)
k=1

17
cos (t – k)  = Acos( t + ϕ), for all t:

ϕ =

∈(–π, π],

A =  > 0,12
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= 12ej0.25π
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π
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The corresponding phasor equation:

ejϕ = A + 0.5j

Equate imaginary parts ⇒ ϕ = π/6

Equate real parts ⇒ A = 3
2

-------

ϕ =

∈(–π, π],

A =  > 0,

π–
8

------

1

π
8
--- π

8
---

The corresponding phasor equation:

k=1

17
e–j2πk/16 = Aejϕ 

The last 16 terms on the left sum to zero
⇒ Aejϕ = e–j2π( 1 )/16  

= e–jπ/8  



PROB. Sp23-Q1.3.

If the spectrum for:

x( t ) =  A1cos(2πf1t + ϕ) + A2cos(2πf2(t – )) + Re{(a + jb)ej100πt} 

is:

then the unspecified constants (in standard form) must be:
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2 + 2j

f (Hz)

2ejπ/3

4e–j0.2π4e j0.2π

2e–jπ/3
2 – 2j

f2 f1

ϕ =

∈(–π, π],

A1 =  > 0,

f1 =  > 0,

A2 =  > 0,

f2 =  > 0,

a =  ,

b =  .

• Delay by  results in phase shift , 
1

300
--------- 2πf2

300
------------

only match is f2 = 30 Hz.

30

8

• A2 comes from coefficient at f2.

• Last term is clearly 50 Hz ⇒ f1 = 90 Hz.

90

• A1 and ϕ come from coefficient at f1.

4 2

0.25π

• Equate a + jb to twice coefficient at 50 Hz:

⇒ a + jb = 4ejπ/3

= 2 + j2 3
2 3

≈ 5.66

≈ 3.46

2


