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Exam #1 
 

 
NAME:  GTemail:  
 FIRST                         LAST  ex: gpburdell@gatech.edu 

 
 

• Write your name at the top of EACH PAGE.  
• DO NOT unstaple the test. 
• Closed book, except for one two-sided page (8.5′′× 11′′) of hand-written notes permitted. 
• Calculators are allowed, but no smartphones/readers/watches/tablets/laptops/etc. 
• JUSTIFY your reasoning CLEARLY to received partial credit. 
• Express all angles as a fraction of 𝜋𝜋. (i.e., write 0.4𝜋𝜋 or 2𝜋𝜋

5
 instead of 1.257) 

• All angles must be expressed in the range (−𝜋𝜋,𝜋𝜋] for full credit. 
• You must write your answer in the space provided on the exam paper itself.  Only these answers will be 

graded. 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. 

 
Problem Value Score 

1 20  

2 20  

3 20  

Total  
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PROBLEM 1:  
Parts a and b (10 points each) can be solved independently of each other. 
A signal 𝑥𝑥(𝑡𝑡) is described by the spectrum plot below (use this spectrum for parts (a) and (b)) 

 
(a) Express 𝑥𝑥(𝑡𝑡) in the form: 𝑥𝑥(𝑡𝑡) = 𝐴𝐴0 + 𝐵𝐵cos(𝜔𝜔Δ𝑡𝑡 + 𝜙𝜙) cos(𝜔𝜔𝑐𝑐𝑡𝑡) (i.e., DC term plus AM). 

 

 

 

(b) The Fourier series representation of 𝑥𝑥(𝑡𝑡) is 𝑥𝑥(𝑡𝑡) = ∑ 𝑎𝑎𝑘𝑘𝑒𝑒𝑗𝑗2𝜋𝜋𝑘𝑘𝑓𝑓0𝑡𝑡∞
𝑘𝑘=−∞ . 

Find 𝑓𝑓0 (in Hz) 

 

 

 

 

List the non-zero Fourier series coefficients (𝑎𝑎𝑘𝑘) along with their 𝑘𝑘-index in the table below. 
 
 
 
 
 
 
 
 
 

𝑘𝑘        

𝑎𝑎𝑘𝑘        
  

 
𝑥𝑥(𝑡𝑡) = ________ + _________ cos(__________ t  + _________)cos (__________ t) 
                  𝐴𝐴0                𝐵𝐵                           𝜔𝜔Δ                     𝜙𝜙                           𝜔𝜔𝑐𝑐 

𝑓𝑓0 =   
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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 with the unit circle shown and complex numbers labeled with a letter from A 

to Y.  Assume that we start with a complex number 𝒛𝒛 = 𝒓𝒓𝒆𝒆𝒋𝒋𝒋𝒋 at position S as indicated by the black circle and 
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.   

 

 
(b) Find an integer 𝑁𝑁 in the range  21 < 𝑁𝑁 < 40, and also find 𝐴𝐴 > 0 and 𝜙𝜙 ∈ (−𝜋𝜋,𝜋𝜋], such that the following 

equation is true for all time 𝑡𝑡: 

𝑥𝑥(𝑡𝑡) = 8 cos(50𝜋𝜋𝑡𝑡 − 𝜋𝜋/3) + 8 cos(50𝜋𝜋𝑡𝑡 − 2𝜋𝜋/3) + � 6 cos(100𝜋𝜋𝑡𝑡 + 𝜋𝜋𝑘𝑘/8)
𝑁𝑁

𝑘𝑘=−11

= 𝐴𝐴 cos(50𝜋𝜋𝑡𝑡 + 𝜙𝜙) 

 

 

 

 

 

 

 

  

Equations ( =1z  ) Letter 

𝒛𝒛 S 
𝑧𝑧∗𝑧𝑧
𝑟𝑟2   

𝑟𝑟𝑧𝑧−1  

1
𝑧𝑧∗ 

 

1
4

(𝑧𝑧∗ + 𝑧𝑧)
(𝑟𝑟 cos(𝜃𝜃))  

𝑁𝑁 =  𝐴𝐴 =  𝜙𝜙 =___________ 𝜋𝜋 
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PROBLEM 3: 
Parts a and b (10 points each) can be solved independently of each other. 
(a) Find numerical values for the constants 𝐴𝐴,𝐵𝐵, and 𝐶𝐶 so that the spectrogram of the signal 

𝑥𝑥(𝑡𝑡) = 2023 cos(𝜋𝜋𝐴𝐴𝑡𝑡 + 𝐵𝐵 cos(𝜋𝜋𝐶𝐶𝑡𝑡)) 
looks like this:  

 

 

 

 

 

 

(b) A sinusoid is defined as 𝑥𝑥(𝑡𝑡) = ℜ𝑒𝑒 �6𝑒𝑒𝑗𝑗𝑗𝑗𝑒𝑒−𝑗𝑗
𝜋𝜋
4𝑒𝑒𝑗𝑗10𝜋𝜋𝑡𝑡� = 𝐴𝐴 cos(𝜔𝜔0(𝑡𝑡 + 0.03)) = 𝐴𝐴 cos(𝜔𝜔0𝑡𝑡 + 𝜑𝜑).  Find 

𝐴𝐴,𝜔𝜔0, and 𝜃𝜃. 
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𝐴𝐴 (> 0) =  𝜔𝜔0(≥ 0) =    𝜃𝜃 ∈  (−𝜋𝜋,𝜋𝜋] = _______________  𝜋𝜋 
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PROBLEM 1:  
Parts a and b (10 points each) can be solved independently of each other. 
A signal 𝑥𝑥(𝑡𝑡) is described by the spectrum plot below (use this spectrum for parts (a) and (b)) 

 
(a) Express 𝑥𝑥(𝑡𝑡) in the form: 𝑥𝑥(𝑡𝑡) = 𝐴𝐴0 + 𝐵𝐵 cos(𝜔𝜔Δ𝑡𝑡 + 𝜙𝜙) cos(𝜔𝜔𝑐𝑐𝑡𝑡) (i.e., DC term plus AM). 

 

 

 

(b) The Fourier series representation of 𝑥𝑥(𝑡𝑡) is 𝑥𝑥(𝑡𝑡) = ∑ 𝑎𝑎𝑘𝑘𝑒𝑒𝑗𝑗2𝜋𝜋𝑘𝑘𝑓𝑓0𝑡𝑡∞
𝑘𝑘=−∞ . 

Find 𝑓𝑓0 (in Hz) 

gcd(260,300)=20 

 

 

 

 

List the non-zero Fourier series coefficients (𝑎𝑎𝑘𝑘) along with their 𝑘𝑘-index in the table below. 
 
 
 
 
 
 
 
 
 

𝑘𝑘 0 -13 13 -15 15   

𝑎𝑎𝑘𝑘 8 𝟒𝟒𝒆𝒆−
𝒋𝒋𝒋𝒋
𝟑𝟑  𝟒𝟒𝒆𝒆

𝒋𝒋𝒋𝒋
𝟑𝟑  𝟒𝟒𝒆𝒆

𝒋𝒋𝒋𝒋
𝟑𝟑  𝟒𝟒𝒆𝒆−

𝒋𝒋𝒋𝒋
𝟑𝟑    

  

 
𝑥𝑥(𝑡𝑡) = ________ + _________ cos(__________ t  + _________)cos (__________ t) 
                  𝐴𝐴0                𝐵𝐵                           𝜔𝜔Δ                     𝜙𝜙                           𝜔𝜔𝑐𝑐 

𝑓𝑓0 =  20 Hz 

𝟒𝟒𝟒𝟒𝒋𝒋 𝟏𝟏𝟏𝟏 𝟖𝟖 −
𝒋𝒋
𝟑𝟑

 𝟓𝟓𝟏𝟏𝟒𝟒𝒋𝒋 
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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 with the unit circle shown and complex numbers labeled with a letter from A 

to Y.  Assume that we start with a complex number 𝒛𝒛 = 𝒓𝒓𝒆𝒆𝒋𝒋𝒋𝒋 at position S as indicated by the black circle and 
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.  

 

 
(b) Find an integer 𝑁𝑁 in the range  21 < 𝑁𝑁 < 40, and also find 𝐴𝐴 > 0 and 𝜙𝜙 ∈ (−𝜋𝜋,𝜋𝜋], such that the following 

equation is true for all time 𝑡𝑡: 

𝑥𝑥(𝑡𝑡) = 8 cos(50𝜋𝜋𝑡𝑡 − 𝜋𝜋/3) + 8 cos(50𝜋𝜋𝑡𝑡 − 2𝜋𝜋/3) + � 6 cos(100𝜋𝜋𝑡𝑡 + 𝜋𝜋𝑘𝑘/8)
𝑁𝑁

𝑘𝑘=−11

= 𝐴𝐴 cos(50𝜋𝜋𝑡𝑡 + 𝜙𝜙) 

 

 

 

 

 

 

 

  

Equations ( =1z  ) Letter 

𝒛𝒛 S 
𝑧𝑧∗𝑧𝑧
𝑟𝑟2  J 

𝑟𝑟𝑧𝑧−1 N 

1
𝑧𝑧∗ 

E 

1
4

(𝑧𝑧∗ + 𝑧𝑧)
(𝑟𝑟 cos(𝜃𝜃)) Q 

𝑁𝑁 = 36 𝐴𝐴 = 8√3 𝜙𝜙 =___________ 𝜋𝜋 −𝟒𝟒.𝟓𝟓 

� 6 cos(100𝜋𝜋𝑡𝑡 + 𝜋𝜋𝑘𝑘/8)
𝑁𝑁

𝑘𝑘=−11

= 0 → 6 � 𝑒𝑒
𝑗𝑗2𝜋𝜋𝑘𝑘
16

𝑁𝑁

𝑘𝑘=−11

= 0 

This function will equal zero for values of 𝑁𝑁 = 4,20,36,52, …etc.  But in the given range the 
answer is 𝑁𝑁 = 36 
 

8 cos(50𝜋𝜋𝑡𝑡 − 𝜋𝜋/3) + 6 cos(50𝜋𝜋𝑡𝑡 − 2𝜋𝜋/3) = 𝐴𝐴 cos(50𝜋𝜋𝑡𝑡 + 𝜙𝜙) 
Use Phasor addition: 

8𝑒𝑒−
𝑗𝑗𝜋𝜋
3 + 8𝑒𝑒−

𝑗𝑗2𝜋𝜋
3 = 8√3𝑒𝑒−𝑗𝑗0.5𝜋𝜋 
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PROBLEM 3: 
Parts a and b (10 points each) can be solved independently of each other. 
(a) Find numerical values for the constants 𝐴𝐴,𝐵𝐵, and 𝐶𝐶 so that the spectrogram of the signal 

𝑥𝑥(𝑡𝑡) = 2023 cos(𝜋𝜋𝐴𝐴𝑡𝑡 + 𝐵𝐵 cos(𝜋𝜋𝐶𝐶𝑡𝑡)) 
looks like this:  

 

 

 

 

 

 

(b) A sinusoid is defined as 𝑥𝑥(𝑡𝑡) = ℜ𝑒𝑒 �6𝑒𝑒𝑗𝑗𝑗𝑗𝑒𝑒−𝑗𝑗
𝜋𝜋
4𝑒𝑒𝑗𝑗10𝜋𝜋𝑡𝑡� = 𝐴𝐴 cos(𝜔𝜔0(𝑡𝑡 + 0.03)) = 𝐴𝐴 cos(𝜔𝜔0𝑡𝑡 + 𝜑𝜑).  Find 

𝐴𝐴,𝜔𝜔0, and 𝜃𝜃. 
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𝐴𝐴 = 1600 𝐵𝐵 = 4800 𝐶𝐶 =
1
6
 

𝐴𝐴 (> 0) = 𝟏𝟏 𝜔𝜔0(≥ 0) =   𝟏𝟏𝟒𝟒𝒋𝒋 𝜃𝜃 ∈  (−𝜋𝜋,𝜋𝜋] = _______________  𝜋𝜋 

𝑓𝑓𝑖𝑖(𝑡𝑡) =
1

2𝜋𝜋
𝑑𝑑
𝑑𝑑𝑡𝑡

(𝜋𝜋𝐴𝐴𝑡𝑡 + 𝐵𝐵 cos(𝜋𝜋𝐶𝐶𝑡𝑡)) 

=
𝐴𝐴
2
−
𝐵𝐵𝐶𝐶
2

sin(𝜋𝜋𝐶𝐶𝑡𝑡)  
 
From the plot: 

𝜋𝜋𝐶𝐶 =
2𝜋𝜋
12

→ 𝐶𝐶 =
1
6

 
𝐴𝐴
2

= 800 → 𝐴𝐴 = 1600 
𝐵𝐵𝐶𝐶
2

= 400 →
𝐵𝐵
2
�

1
6
� = 400 → 𝐵𝐵 = 4800 

ℜ𝑒𝑒 �6𝑒𝑒𝑗𝑗𝑗𝑗𝑒𝑒−𝑗𝑗
𝜋𝜋
4𝑒𝑒𝑗𝑗10𝜋𝜋𝑡𝑡� = 6 cos �10𝜋𝜋𝑡𝑡 −

𝜋𝜋
4

+ 𝜃𝜃� = 𝐴𝐴 cos(𝜔𝜔0𝑡𝑡 + 𝜑𝜑) 
 

𝜔𝜔0 = 10𝜋𝜋 
𝐴𝐴 = 6 

𝜑𝜑 = 𝜔𝜔0(0.03) = −
𝜋𝜋
4

+ 𝜃𝜃 → 𝜃𝜃 = (10𝜋𝜋)(0.03) + 0.25𝜋𝜋 = 0.3𝜋𝜋 + 0.25𝜋𝜋 = 0.55𝜋𝜋 
𝜃𝜃 = 0.55𝜋𝜋 

𝟒𝟒.𝟓𝟓𝟓𝟓 
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