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Tutorial N-3
Exercise1 
A discrete-time system is described by the following rule: 

Where is the input signal, and  the output signal.  is illustrated below:
[image: ]
1. Evaluate its Discrete Fourier Transform (DFT), i.e.
2. Calculate the 4-point DFT] by using the decimation in time FFT method. 
3. Given a sequence X[K] for  where 

Evaluate its inverse DFT x[n] using the decimation-in-frequency FFT method. 
Exercise2 
Two finite sequences h and x have the following DFT's:


Let y[n] = 2x[n] -3h[n], using the properties of the DFT,
a) Determine DFT(x [n-2]). 
b) Determine y[2] (do not compute x[n] and h[n]). 
Table: General Properties of DFT
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Exercise3 
A real signal x(t) is sampled at 8kHz and we store 256 samples x[0], ..., x[255]. The magnitude of the DFT X[k] has two sharp peaks at k = 15 and k = 241. What can you say about the signal?
Exercise4 
A narrowband signal is sampled at 8kHz and we take the DFT of 16 points as follows. Determine the best estimate of the frequency of the sinusoid, its possible range of values and an estimate of the amplitude:
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Exercise5
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Exercise6
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X=[0.4889, 4.0267-324 .6698, 2.0054-35.0782,
1.8607-3j2.8478, 1.8170-31 .8421, 1.7983-31.2136,
1.7893-30.7471, 1.7849-30.3576, 1.7837, 1.7849+30 .3576,
1.7893+30.7471, 1.7983+31.2136, 1.8170+ 31 .842,
1.8607+3j2.8478, 2.0054+35.0782, 4.0267+ 324 .6698]
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You know that the DFT of the sequence x = [x[0], ..., x[N-1]]is
%= [X[0], ..., X[N-1]].Now consider two scquences:

s=[x[0], ..., x[N-1], x[0], ..., x[N-1]]
v=[x[0], ..., x[N-1], O, o]

both of length 2 N. Let § = DFT {s) and ¥ = DET[y] .

Weines

) Show that S[2m] = 2X[m], and S[2m+ 1] = 0, form = 0, S N1

b) Show that ¥ [2m] = X[m] form=0, ..., N-1;

¢) Determine an expression for Y [2m + 1],k = 0,
y[n] =s[n] win] wherew=[1, ..., 1
——— —

» N - 1. Use the fact that

£ 1,0, ..., 0] is the rectangular sequence.
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Let x be a finite sequence with DFT

X =DFT{x}=[0, 1+, 1,1

A
Using the propertics of the DFT determine the DFT's of the following:
a) yln] = /77 x{n]

b) yln] = cos(% m) xln]

©) yln] = xl(n = 1]

d) yln] =0, 0, 1, 0] @x[n] with & denoting circular convolution
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Letx[n] be an infinite sequence, periodic with period . This sequence is the input to a BIBO stable
LTI system with impulse response h[n] , —co < n < +c. Say how you can use the DFT to determine
the output of the system.
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