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GEORGIA INSTITUTUE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL AND COMPUTER ENGINEERING 

FINAL EXAM 
 

DATE: 11/13-Dec-13 COURSE: ECE-2026-B/A 
 

 
NAME:  GT#:  
 LAST,                                FIRST  ex: gtaburDEll 

 
Circle your correct recitation section number - failing to do so will cost you 3 points 

L01: Mon - (Juang) L02: Wed - (Bloch) L03: Mon  - (Casinovi) 

L04: Wed - (Bloch) L05: Tues - (Bhatti) L06: Thurs - (Coyle) 

L07: Tues - (Bhatti) L08: Thurs - (Coyle) L09: Tues - (AlRegib) 

L10: Thurs - (Ma) L11: Tues - (Causey) L12: Thurs - (Ma) 

L13: Tues - (Causey) L14: Thurs - (AlRegib) 

 
 Write your name on the front page ONLY.  DO NOT unstaple the test 
 Closed book, but a calculator is permitted. 

 One page ቀ8
ଵ

ଶ
′′ ൈ 11′′ቁ of HAND-WRITTEN notes permitted.  OK to write on both sides. 

 Explanations and justifications are required to receive full credit. You will be given partial 
credit in case of wrong answers, provided that you give sufficient correct reasoning. 

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

 RELAX, BREATHE, AND TAKE YOUR TIME 
 

Problem Value Score
1 10  
2 20  
3 20  
4 20  
5 20  
6 20  
7 20  
8 20  
9 20  

Total 170  
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PROBLEM fa-13-Final.1: 
During the semester, you have learned a new vocabulary pertaining to the processing of signals.  
Therefore, the following comic strip about a GTA grading papers (produced by a 1997 ME graduate from 
Georgia Tech) should now qualify as humor: 
 

 
 
(a) What is the correct answer that the GTA is looking for?  (i.e., explain why 1-Hz is wrong). 
 
 
 
 
 
 
 
 
 
(b) In the second comic pane, four technical terms (consisting of six words total) from DSP are morphed 
into other words (i.e., the terms are close to what they should be but humorously wrong).  For example, 
“Nyquil Frequency” should be “Nyquist Rate” Identify the remaining three terms (consisting of four 
words total), and give the correct DSP technical word for each. 
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PROBLEM fa-13-Final.2: 
 Each question is independent of the others.   Show the steps you use to find the solution to each 
question. 
 
(a) Simplify  ݔሺݐሻ ൌ Ը݁൛ሺ2 െ 2݆ሻ݁௝ଷ଴గ௧ൟ to the form ݔሺݐሻ ൌ ܣ cosሺ߱ݐ ൅  ሻߠ
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Simplify the expression ݖ ൌ ∑ ሼߜሾ݇ െ 3ሽ ൅ ሾ݇ߜ െ 5ሿሽଶ଴

௞ୀଵ ݁௝଴.ଶହగ௞ to the form ݖ ൌ  ௝ఏ݁ݎ

 

 

 

 

 

 

 

 

 

 

 

 

 
x(t) =   

 
r =    θ =  
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(c) Find the zeros for the following system function:  ܪሺݖሻ ൌ  1 െ  ଺ିݖ
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
zeros =   
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PROBLEM fa-13-Final.3: 
For each part of the below questions, pick a correct frequency from the list on the right 
hand side and enter its letter in the answer box.  Justify your answer with a brief 
explanation and/or appropriate work to receive any credit. 
 
(a) Determine the Nyquist rate for sampling the signal ݔሺݐሻ defined by: 
ሻݐሺݔ  ൌ ሺܣ ൅ ܤ sinሺ300ݐߨሻ cosሺ500ݐߨሻሻ. 
 
 
 
 
 
 
 
 
 
 
 
 
(b) If the output from an ideal C/D converter is ݔሾ݊ሿ ൌ 12 cosሺ0.4݊ߨሻ, and the 
sampling rate is 1000 samples/sec, then determine one possible value of the input 
frequency for ݔሺݐሻ ൌ 12 cosሺ2ߨ ଴݂ሻ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) If the output from an ideal C/D converter is ݔሾ݊ሿ ൌ 12 cosሺ0.5݊ߨሻ, and the input 
signal ݔሺݐሻ is defined by: ݔሺݐሻ ൌ 12 cosሺ2400ݐߨሻthen determine one possible value of 
the sampling frequency (fs) of the C-to-D converter: 
 
 
 

IDEAL
C‐to‐D  

CONVERTER

)(tx ][nx

sf

IDEAL
C‐to‐D  

CONVERTER

)(tx ][nx

sf

 
ANS =  

 
ANS =  

 
ANS =  
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PROBLEM fa-13-Final.4: 
Which of the following signals are periodic?  For those that are periodic, find the fundamental period, T0, 
and the Fourier Series coefficients ak for all k. 
 

(a) ݔሺݐሻ ൌ െ10 ൅ cos ቀ300ݐߨ െ
గ

ଷ
ቁ ൅ cos ቀ25ݐ ൅

గ

଺
ቁ 

Periodic?  Yes or No (Circle answer) 
 
If YES: T0 =                               seconds  
 
 
 
 
 
 
 
 
 
 
ak =  
 
 
 
 
 
 
 
 
 
 

(b) ݔሺݐሻ ൌ cos ቀ√2ݐߨ ൅
గ

ସ
ቁ ൅ cos ቀ3√2ݐߨ െ

గ

଼
ቁ 

Periodic?  Yes or No (Circle answer) 
 
If YES: T0 =                                seconds 

 
 
 
 
 
 
 

ak =  
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(c) ݔሺݐሻ ൌ ∑
௞మିଵ

|௞|య
݁ି௝ଵ଴଴௞గ௧ஶ

௞ୀିஶ  

Periodic?  Yes or No (Circle answer) 
 
If YES: T0 =                            seconds 
 
 
 
 
 
 
 
 
 
 
 
ak =  

 
 
 
 
 
 
 
 
 

 

(d) ݔሺݐሻ ൌ 10cosሺ1500ݐߨሻ cos ቀ300ݐߨ െ
గ

଻
ቁ 

Periodic?  Yes or No (Circle answer) 
 
If YES: T0 =                            seconds 
 
 
 
 
 
 
 
 
 
 
ak =  
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PROBLEM fa-13-Final.5: 
Shown below are the magnitude responses of six different LTI systems 

 
Match the magnitude response above to its corresponding system (defined by either a difference equation, 
a system function, or a MATLAB statement) by writing a letter from {A,…,F} in the answer box: 
 

ሾ݊ሿݕ ൌ 1.8 cos ቀ
ߨ

4
ቁ ሾ݊ݕ െ 1ሿ െ ሾ݊ݕ0.81 െ 2ሿ ൅ ሾ݊ሿݔ ൅ ሾ݊ݔ െ 1ሿ 

yy=filter([1 1],[1 0 0.81],x); 

ሻݖሺܪ ൌ 1 െ  ଷିݖ

ሾ݊ሿݕ ൌ ሾ݊ሿݔ ൅ ሾ݊ݔ െ 3ሿ 

yy=conv(xx,ones(1,4)); 

ሻݖሺܪ ൌ
ଵା௭షమ

ଵିଵ.଼ ୡ୭ୱቀ
ഏ

ర
ቁ௭షభା଴.଼ଵ௭షమ

 

A B 

C 

D 

E 

F 
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PROBLEM fa-13-Final.6: 
Consider the system below where 

݄௔ሾ݊ሿ ൌ
ଵ

஺
ሺݑሾ݊ሿ െ ሾ݊ݑ െ ሿሻ;     ݄௕ሾ݊ሿܣ ൌ

ଵ

஻
݄௔ሾ݊ െ  ሿܤ

 

 

The overall impulse response is ݄ሾ݊ሿ ൌ ݄௔ሾ݊ሿ ൅ ݄௕ሾ݊ሿ.  Assume that A=9 and B=4. 

(a) Find the overall frequency response ܪ൫݁௝ఠෝ ൯ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
൫݁௝ఠෝܪ ൯ = 
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(b) Find the output ݕሾ݊ሿ when ݔሾ݊ሿ ൌ ሺെ1ሻ௡ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) Find the output ݕሾ݊ሿ when ݔሾ݊ሿ ൌ 2 (i.e., ݔሾ݊ሿ is a constant)  

 

  

 
 = ሾ݊ሿݕ

 
 
 
 = ሾ݊ሿݕ



13 

PROBLEM fa-13-Final.7: 
Shown below are eight sketches of 16-point DFT spectrums labeled A through H.  The spectrum is 
represented by a stem plot of the coefficient magnitude |ܺሾ݇ሿ| vs. the frequency index: ݇ ∈ ሼ0,1, … ,15ሽ. 

  

  

 

 

Match one of the six plots for x[n] shown below with a DFT plot above by putting a letter (A 
through H) in its box. (NOTE: There are more DFT plots above than stem plots for x[n] shown 
below.  Show relevant work on the back of this page.) 

A B C 

D E F 

G H 

|X[k]| 

|X[k]| 

|X[k]| 

k k 

k 

  

   

 

x[n] 

x[n] 

n n n 

(1) (2) (3) 

(4) (5) (6) 
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PROBLEM fa-13-Final.8: 
Consider the system shown below 
 

 
where 

ሾ݊ሿݓ ൌ ሾ݊ݓ8. െ 1ሿ െ ሾ݊ݓ64. െ 2ሿ ൅ ሾ݊ሿݔ െ ሾ݊ݔ0.4 െ 1ሿ 
 
(a) Find ܪଵሺݖሻ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Find the poles and zeros of ܪଵሺݖሻ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
ሻݖଵሺܪ ൌ  

Poles:       Zeros:     
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(c) Find ݄ଵሾ݊ሿ (HINT: It is NOT necessary to use Partial Fraction Expansion on this problem.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
(d) Find ܪଶሺݖሻ such that the overall impulse response is ݄ሾ݊ሿ ൌ ሾ݊ሿߜ െ ሾ݊ߜ െ 1ሿ 
  

 
 
݄ଵሾ݊ሿ ൌ  

 
 
ሻݖଶሺܪ ൌ  
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PROBLEM fa-13-Final.9: 
The following questions are independent of each other. 
 
(a) Make a sketch of the spectrogram that would be plotted from the following MATLAB code: 

fsamp =2000; 
t=0:1/fsamp:3; 
alpha=(2000*pi)/3; 
beta=0; 
phi=pi/4; 
x=cos(alpha*t.^2+beta.*t+phi); 
spectrogram(x, … )  

(NOTE: Specific parameters of ‘spectrogram’ are irrelevant to your plot and therefore left out) 
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(b) Consider the following lines of MATLAB code 
xn=[1 ,-1.5]; 
yn=filter([1,0.9],[1,-1],xn); 
 

Is this system stable?                   YES     or       NO  (circle one) 
 

Explain your answer: 
 
 


