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PROBLEM Fall-14-Q.4.1: 

The following figure depicts a cascade connection of two linear time-invariant systems; i.e., the output of 

the first system is the input to the second system, and the overall output is the output of the second system. 

 

Suppose that System #1 is a 5-pt average, defined by the difference equation:                                 and 

System #2 has the following frequency response: 

                . 

(a) Determine the impulse response of the 2nd system, h2[n]; express your result in terms of time-shifted 

unit impulse functions (i.e.,                                                                           )  

 
 
 
 
 
 
 
 
 

(b) Referring to the above figure, obtain a single difference equation that relates y[n] to x[n]. 

 
 
 
 
 
 
 
 
 
 

(c) The above cascade system is driven by an input sequence, x[n] = u[n] – u[n – 3], where u[n] is the 

unit step function. Obtain and express the output y[n] in a properly labeled stem plot in the box. 

 
 

    

LTI System #1  LTI System #2 

n 

][1 nh ][2 nh
][ny][nw][nx





4

0

5
1 ][][

k

knxnw

)sin(2)(
2

ˆ)(ˆ

2
2
ˆ3

 


jj eeH

 ]2[]1[][][ 2102 nbnbnbnh 





 ˆ2ˆ

2
ˆ)(ˆ

2
2

2)sin(2)(
2
ˆ

2
ˆ

2
ˆ3

2
ˆ3

jj

jj
jjj ee

j

ee
jeeeH 










]2[]1[][2  nnnh 

]2[]1[][2  nnnh 





4

0

5
1 ][][

k

knxnw 



4

0

5
1

1 ][][
k

knnh 

 ]6[]1[])2[]1[(][][
5
1

4

0

5
1 








 



nnnnknnh
k



 ]6[]1[][
5
1  nxnxny

0 1 2 3

4 76

5
1

8

5
1

 ]6[]1[][
5
1  nxnxny



PROBLEM Fall-14-Q.4.2:  

 

The spectrum of a real signal x(t) is shown as above. The signal is being sampled at a rate of 72 samples/s 

with an ideal C-to-D, processed by an LTI system, and finally reconstructed with an ideal D-to-C operating 

at the same sampling rate as the C-to-D, to produce the continuous-time output y(t).  

(a) Write the sampled sequence x[n] in mathematical expression. 

 

 

 

 

 

 

 

 

 

 

(b) The LTI system is specified by the difference equation: y[n] = x[n – 13] + x[n – 15]. Obtain         . 
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PROBLEM Fall-14-Q.4.3: 

A sampled sequence is given:                                                                                   for n = 0, 1, 2, …, 2047. 

Now, we take the first quarter of the sequence, starting from n = 0, and compute its 512-point DFT. List all 

non-zero DFT coefficients, X[k], both in terms of their indices k and the corresponding coefficient values. 
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First need to make sure of the periodicity of the sequence. 

There is a common factor of       among                          . 

Therefore, the sequence has a period of 512 (              ). 

Taking the first quarter, i.e., 512 points, would cover exactly 

one full period. So, we can just pursue the DFS and make 

equivalence to find the corresponding DFT coefficients. 
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PROBLEM Fall-14-Q.4.4:  

Find the Discrete-time Fourier transform (DTFT)               of the sequence: 
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You only need to provide values of the transform at three frequencies:                                          . 
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