DIGITAL SIGNAL PROCESSING PROBLEMS
1. Given the LTI system illustrated in the following figure, with the input 
[image: image44.wmf] and the impulse response 
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(a) Solve for the system output at 
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; that is, find 
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(b) Find the maximum value for the output 
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(c) Find the values of 
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 for which the output is maximum.

(d) Verify the results of this problem using MATLAB.
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2. Determine the causality and the stability for the systems with the following impulse responses:

(a) 
[image: image10.wmf][

]

[

]

n

u

e

n

h

n

-

=
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(f) 
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3. Evaluate the convolution between:
x(n) = u(n)-u(n-3)      and   y(n)=u(n-1)-u(n-5)

4. Evaluate the Z-transform and define the ROC for the following sequences:

· x(n) = u(n)3n
· x(n) = u(n-1)(0.3)n-1
· x(n) = u(n-1)(0.3)n
· x(n) = [u(n-1)(0.3)n]*[u(n)-u(n-10)]

· x(n) = u(n)(0.3)n[u(n)-u(n-10)]

5. Give the Direct Form II Realization for 
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6. Give the cascade realization for 
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7. Give the parallel realization for 
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8. Determine the transfer function of the system 
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9. Consider a causal system with each of the subsequent system characteristic equations. Determine the stability of each of the systems of the above problem.
 (i)
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(iii)
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(v)
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(vi)
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10. Develop the relation between y[n] and x[n] for the block diagram shown in figure 1. Determine the transfer function H(z) of the above system shown in figure 1. What is the frequency response of the above system?
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11. Realize the IIR filter with transfer function
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in the following forms: Direct canonic form, Cascade canonic form.

12. Consider the following sequences:
x[n]={-1  2  -1  -2 },   
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h[n]={2  1  -1  2},    
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     If x[n] is the input to a LTI discrete time  system with h[n] as the impulse response of the system:-

(a) Compute the 4-point DFT of x[n] and h[n] simultaneously using the 4-point DFT of complex sequence. 

(b) Determine the DTF of the output sequence y[n] of the system.

13. Consider the digital signal processing system as shown in Figure 2 below:
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The input of the system is 
[image: image30.wmf].
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The frequency response of the digital signal processor 
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 is shown in the following figure 2b.
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                       Figure 2b: Frequency Response
If the frequency of the sampling is given as fs=800 samples/second,

a) Determine if aliasing occurs. Explain.

b) Sketch the magnitude spectrum of 
[image: image37.wmf])

(

t

x

s

, x[n], y[n], and y(t). Makes sure you identify the important points.

c) Write expression for y[n] and y(t). 

14. A continuous-time signal 
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, is sampled at the rate of 2 kHz. The resulting sequence x[n], is than passed through a digital signal processor with unity magnitude response for all frequencies. An ideal lowpass analog filter with cutoff frequency of 1 kHz is use to reconstruct the continuous signal y(t) from the output y[n] of the digital signal processor.

(a) Sketch the block diagram for the above system.

(b) Determine and draw the spectrum of the signal x(t) and x[n].

(c) Determine and draw the spectrum of y(t).

(d) What are the frequencies that will pass through the lowpass analog reconstruction filter?

(e) Did aliasing occur in above sampling process?

(f) What should be the bandwidth of the signal x(t) in order to avoid aliasing?

15. Consider the following sequences:-

x[n]={-1  2  -1  -2 },   
[image: image39.wmf]3

0

£

£

n


h[n]={2  1  -1  2},    
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     If x[n] is the input to a LTI discrete time  system with h[n] as the impulse response of the system:-

(a) Compute the 4-point DFT of x[n] and h[n] simultaneously using the 4-point DFT of complex sequence. 

(b) Determine the DTF of the output sequence y[n] of the system. 
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