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5
 instead of 1.257) 

• All angles/phase must expressed in the range (−𝜋𝜋,𝜋𝜋] for full credit. 
• You must show your work in the space provided on the exam paper itself.  Only these answers with shown 

work can received credit.  Write your answers in the boxes/spaces provided.  DO NOT write on the backs 
of the pages. 

• All exams will be collected and uploaded to gradescope for grading. 
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PROBLEM 1:  
Parts a and b can be solved independently of each other. 
(a) (15 points) A portion of a sinusoidal signal 𝑥𝑥(𝑡𝑡) is shown the plot below and may be expressed as: 
 

𝑥𝑥(𝑡𝑡) = 𝐵𝐵 + 𝐴𝐴 cos(𝜔𝜔0𝑡𝑡 + 𝜑𝜑) = 𝐵𝐵 + 𝐴𝐴 cos�𝜔𝜔0(𝑡𝑡 − 𝑡𝑡𝑑𝑑)� 
 
Find 𝐵𝐵,𝐴𝐴 > 0,𝜔𝜔0,−𝜋𝜋 < 𝜑𝜑 ≤ 𝜋𝜋, and 𝑡𝑡𝑑𝑑 (where 𝑡𝑡𝑑𝑑 represents the delay value closest to 𝑡𝑡 = 0 that matches the plot)  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(b) (5 points) A sinusoid is defined as 

𝑥𝑥(𝑡𝑡) = ℜ𝑒𝑒 �8𝑒𝑒𝑗𝑗𝑗𝑗𝑒𝑒−𝑗𝑗
𝜋𝜋
8𝑒𝑒𝑗𝑗40𝜋𝜋𝜋𝜋� 

Find −𝜋𝜋 < 𝜑𝜑 ≤ 𝜋𝜋 such that 𝑥𝑥(−0.005) = 8. 
 

  

 
________         _________                _________            __________           __________ 
      𝐵𝐵                     𝐴𝐴 > 0                           𝜔𝜔0                          𝜑𝜑                              𝑡𝑡𝑑𝑑 

 
𝜑𝜑 = __________          

𝐵𝐵 =
2 + (−8)

2
= −3 

𝐴𝐴 =
2 − (−8)

2
= 5 

𝑇𝑇 = 14 → 𝜔𝜔0 =
2𝜋𝜋
14

=
𝜋𝜋
7

 

𝑡𝑡𝑑𝑑 = −37 + (3 ∗ 14) = 5 

𝜑𝜑 = −𝜔𝜔0𝑡𝑡𝑑𝑑 = −
5𝜋𝜋
7

 

 

𝑥𝑥(𝑡𝑡) = 8cos�40𝜋𝜋𝜋𝜋 −
𝜋𝜋
8

+ 𝜑𝜑� 

40𝜋𝜋(−0.005)−
𝜋𝜋
8

+ 𝜑𝜑 = 0 → 𝜑𝜑 = 0.2𝜋𝜋 + 0.125𝜋𝜋 = 0.325𝜋𝜋 
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PROBLEM 2: 
Parts a and b (10 points each) can be solved independently of each other. 
(a) Consider the complex plane below showing the unit circle (i.e., the black circle indicating a radius 1) and 

complex numbers in the complex space labeled with letters from A to Y.  Assume that we start with a complex 
number 𝒛𝒛 = 𝒓𝒓𝒆𝒆𝒋𝒋𝒋𝒋 at position S as indicated by the shaded box.  We also define a new complex number, 𝒛𝒛𝟏𝟏,  that 
relates to 𝒛𝒛 by the set of equations in the table below.  Select the letter that best approximates the position of 
𝒛𝒛𝟏𝟏.  While the unit circle is represented in the graph, the box locations are not exactly to scale so you 
should choose letters that are the best approximation based on approximate angle and whether the 
answer is inside, on, or outside the unit circle. 

 
 
(b) Consider the following expression for 𝑥𝑥(𝑡𝑡) 

𝑥𝑥(𝑡𝑡) = 8 cos(30𝜋𝜋𝜋𝜋 − 𝜋𝜋/4) + 4 cos(30𝜋𝜋𝜋𝜋 + 3𝜋𝜋/8) + � 6 cos(10𝜋𝜋𝜋𝜋 + 𝜋𝜋𝜋𝜋/17)
𝑁𝑁

𝑘𝑘=−3

= 𝐴𝐴 cos(30𝜋𝜋𝜋𝜋 + 𝜑𝜑) 

 

 

 

 

 

 

For one of the values of 𝑁𝑁 above, find 𝐴𝐴 > 0 and 𝜙𝜙.    

Equations ( =1z  ) Letter 

𝒛𝒛 S 

−(𝑧𝑧∗)−1  

1
2
𝑗𝑗(𝑧𝑧∗ + 𝑧𝑧)

(𝑟𝑟 cos(𝜃𝜃))  

𝑧𝑧∗𝑧𝑧
𝑟𝑟2

𝑒𝑒𝑗𝑗𝑗𝑗  

(𝑟𝑟−1)𝑧𝑧∗  

𝐴𝐴 = 𝜑𝜑 =___________ 𝜋𝜋 

For this equation to be valid, it is necessary that  

� 6 cos(10𝜋𝜋𝜋𝜋 + 𝜋𝜋𝜋𝜋/17)
𝑁𝑁

𝑘𝑘=−3

= 0 

Find the three smallest possible values for 𝑁𝑁 > 0 such that above equation is true 
 

B 
 
H 
 
M 
 
N 

� 6 cos(10𝜋𝜋𝜋𝜋 + 𝜋𝜋𝜋𝜋/17)
𝑁𝑁

𝑘𝑘=−3

→ (𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎) 

� 6𝑒𝑒𝑗𝑗
2𝜋𝜋𝜋𝜋
34

𝑁𝑁

𝑘𝑘=−3

= 0 → 𝑁𝑁 = −3 + 33 = 𝟑𝟑𝟑𝟑 OR � 6𝑒𝑒𝑗𝑗
2𝜋𝜋𝜋𝜋
34

𝑁𝑁

𝑘𝑘=−3

= 0 → 𝑁𝑁 = −3 + 33 + 34 = 𝟔𝟔𝟔𝟔 

� 6𝑒𝑒
𝑗𝑗2𝜋𝜋
34

𝑁𝑁

𝑘𝑘=−3

= 0 → 𝑁𝑁 = −3 + 33 + 34 + 34 = 𝟗𝟗𝟗𝟗 

 

8 cos(30𝜋𝜋𝜋𝜋 − 𝜋𝜋/4) + 4 cos(30𝜋𝜋𝜋𝜋 + 3𝜋𝜋/8) → (𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎) 
 

𝐴𝐴𝑒𝑒𝑗𝑗𝑗𝑗 = 8𝑒𝑒−
𝑗𝑗𝑗𝑗
4 + 4𝑒𝑒

𝑗𝑗3𝜋𝜋
8 = 7.45𝑒𝑒−𝑗𝑗0.0848𝜋𝜋 

𝐴𝐴 = 7.45 
𝜑𝜑 = −0.0848𝜋𝜋 

 

𝑁𝑁 =_______ or ________ or _______ 
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PROBLEM 3: 
Parts a and b (10 points each) can be solved independently of each other. 
(a) (10 points) A real sinusoidal signal 𝑥𝑥(𝑡𝑡) is described by the spectrum plot in below  

 
(a) Let 𝑦𝑦(𝑡𝑡) = 2𝑥𝑥(𝑡𝑡 − 0.002).  Use the spectrum plot above to express 𝑦𝑦(𝑡𝑡) as a sum of sinusoids in the standard 

form shown below  

𝑦𝑦(𝑡𝑡) = 𝐴𝐴0 + 𝐴𝐴1 cos(𝜔𝜔1𝑡𝑡 + 𝜑𝜑1) + 𝐴𝐴2 cos(𝜔𝜔2𝑡𝑡 + 𝜑𝜑2) + ⋯+ 𝐴𝐴𝑁𝑁 cos(𝜔𝜔𝑁𝑁𝑡𝑡 + 𝜑𝜑𝑁𝑁) 

where 𝑁𝑁 represents total number of sinusoids present. 

 

 

 

 

 

 

(b) (10 points) Plot the two-side spectrum for the sinusoid defined below (make sure to label all axes and values). 

𝑥𝑥(𝑡𝑡) = ℜ𝑒𝑒 �4 + 12𝑒𝑒𝑗𝑗(50𝜋𝜋(𝑡𝑡−0.01)) + 6𝑒𝑒𝑗𝑗
𝜋𝜋
5𝑒𝑒𝑗𝑗100𝜋𝜋𝜋𝜋� 

 
 
 
 
 
 
 
 

 
 

 

𝑦𝑦(𝑡𝑡) =                  

𝑥𝑥(𝑡𝑡) = 5 + 4 cos �250𝜋𝜋𝜋𝜋 +
𝜋𝜋
8
� + 6 cos  �800𝜋𝜋𝜋𝜋 +

𝜋𝜋
6
� 

𝑦𝑦(𝑡𝑡) = 2𝑥𝑥(𝑡𝑡 − 0.002) = 10 + 8 cos �250𝜋𝜋(𝑡𝑡 − 0.002) +
𝜋𝜋
8
� + 12 cos  �800𝜋𝜋(𝑡𝑡 − 0.002) +

𝜋𝜋
6
� 

𝑦𝑦(𝑡𝑡) = 10 + 8 cos(250𝜋𝜋𝜋𝜋 − 0.375𝜋𝜋) + 12 cos(800𝜋𝜋𝜋𝜋 − 1.4333𝜋𝜋) 
𝑦𝑦(𝑡𝑡) = 10 + 8 cos(250𝜋𝜋𝜋𝜋 − 0.375𝜋𝜋) + 12 cos(800𝜋𝜋𝜋𝜋 + 0.5667𝜋𝜋) 

 


