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PROBLEM Fall-14-F.1:  

(a) A continuous-time signal is given as  xxxxxxxxxx xxxxxxx xxxxx xxxxxxxxxxx xxx xx. Find a local 
peak of the signal that is closest to the time origin. Determine this peak value, Am, and the time it occurs, 
tm . 
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)53.05cos(596.5}596.5Re{)( 553.0  teetx tjj  

The signal attains peak values of 5.596 at  ,1,0,1,,253.05  kkt   corresponding to t =  –1.3626, 

–0.1060 and 1.1506 near the time origin. Therefore, 106.0mt  is the answer. 

 

 

 

(b) Another signal                                 is being added to the above signal        . Find     in             such 
that the signal                   attains the maximum possible amplitude.  

 
 

 
 

 
At t = – 0.106,           attains a maximum value of 5.596. If  
 
 
        will also attain a maximum value, which is 2. Therefore, pick k = 0 and 
 
                                                                  (radian) 
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PROBLEM Fall-14-F.2: 

Consider the following system for discrete-time filtering of a continuous-time signal: 

	
Assume that the discrete-time system is defined by the difference equation: 

	
(a) The continuous-time input to the system is given as  

 

For a sampling rate of   fs D 1000samples/s, draw the spectrum of x[n], the discrete-time signal after 
the C-to-D converter, within the range                       . Make sure all values are properly marked. 

	
	
	
	
	
	
	
	
(b) For the same x(t) as in the previous part, and the same sampling rate of 1600 samples/s at both C-to-D 

and D-to-C, obtain a formula for the output    y.xt/ for -1 <t < 1   .   
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PROBLEM Fall-14-F.3: 

Two sets of plots are provided below. On the left-hand side is a collection of impulse responses xxxx 
(alphabetized A through E) and on the right-hand side are the corresponding magnitude responses zzaaazzzz, 
plus an extra, plotted in linear scale for                  (plots numbered 1 through 6, randomized in order). 
(Magnitude response is the magnitude of the frequency response.) Fill in the blank below to match the 
impulse response and its frequency response. 
 
 

 
Work space: 
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PROBLEM Fall-14-F.4: 

Determine whether each of the following statements is true or false. Half of the statements are true; you 
must assign three trues and three falses to the six statements; any unbalance of answers will result in heavy 
penalty. For example, all true or all false will not earn you any score. 

(a) A periodic continuous-time signal may not result in a periodic discrete-time sequence after sampling. 
(b) The frequency of a sinusoid cannot be changed by a linear time-invariant system but the amplitude 

and phase can. 
(c) An infinite impulse response (IIR) system has an impulse response that is infinitely long and therefore 

cannot be practically implemented with processors using finite memory; approximation by truncation 
of the impulse response is always implied in practice. 

(d) The discrete-time Fourier transform (DTFT) of a finite sequence, xxxxxxxxxxxxxxxx, is equal to the 
discrete Fourier transform (DFT) of infinite length computed on a periodic sequence in which the 
original finite sequence xxxxxxxxxxxxxxxx is repeated and concatenated indefinitely. 

(e) An Mth order FIR system will always have M poles at the origin. 
(f) The Fourier series of a real periodic signal consists of sum of sinusoids, and to obtain the Fourier 

coefficients one performs the Fourier integral over an arbitrary duration of time as long as it is 
normalized by the chosen duration. 

 

 True/False 

(a) T 

(b) T 

(c) F 

(d) F 

(e) T 

(f) F 
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Problem FALL-14-F.5: 

Determine and pick the period of the following discrete-time sequences, numbered 1 through 5, from the 
numbers (in samples) in the table, labeled A through F. Use 0 samples if the sequence is not periodic. 
Note: do not assume that all these sequences have different periods. 

 
(1) )81cos()1.045cos(][ nnnx   

(2) )42.0cos()1.014.0cos(][ nnnx    

(3) 1)81cos()1.045cos()(  tttx   sampled at 90sf  samples/s 

(4) )4.0cos()1.08.3cos(][ nnnx    

(5) )81cos()1.045cos()( tttx    sampled at 30sf  samples/s 

 
The following are expressed as number of samples. 

 
Fill in your answers in the corresponding letter that has the right period number: 

(A) 10 (B) 50 (C) 0 (D) 100 (E) 25 (F) 20 

(1)  C (2)  D (3)  F (4)  A (5)  F 



PROBLEM Fall-14-F.6: 

 
A system as depicted in the above figure consists of three sub-systems, which are given the following 
specifications: 
 
 
 
 
(a) Find the impulse response h[n] of the overall system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Determine the output y[n] when the input is given as 

 
  

 
The input signal has three frequencies,  
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PROBLEM Fall-14-F.7: 

A real signal x(t) is periodic with period T0 = 4s and represented as a Fourier series of the form 
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a) The signal is being sampled by a C-to-D converter at an interval of 2s, resulting in the sequence x[n]. 
Obtain a formula for x[n] in real functional form (i.e., no complex exponentials). 
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b) The above sampled signal x[n] is being filtered by a discrete time LTI system, defined by the difference 
equation: ]3[5.0]2[]1[]1[6.0][ 2  nxnxbnxnyny . Find 2b  such that the output y[n] is a 
non-zero constant for all n. 
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PROBLEM Fall-14-F.8: 

Two periodic sequences are given 

n … 0 1 2 3 4 5 6 7 8 9 10 11 12 … 

 … 1   –1   1   –1   1 … 

 … 0 2 0 –2 0 2 0 –2 0 2 0 –2 0 … 

and added together to form a new sequence ][][][ 21 nxnxnx  . A 12-point DFT is taken on the sequence 
xxxxxxxxxxxxxaaax . Obtain these DFT coefficients and write your results in the table below. 

k 0 1 2 3 4 5 

X[k] 0 0   0 0 

k 6 7 8 9 10 11 

X[k] 0 0 0   0 

 

 
 
 
 
 
Thus, a 12-point DFT can be easily obtained from the DFS of the sequence. 
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