
ELEG 4603/5173L Lab # 5

Discrete-Time Fourier Transform

1. Read and understand the following Matlab code, which finds the DTFT
of a filter with impulse response h fir, and plot the amplitude (in dB)
response.

1 % sampling f requency (Hz)
2 Fs = 8000 ;
3

4 % impulse re sponse o f an FIR f i l t e r
5 h f i r = [ 0 . 2 , 0 . 1 , 0 . 4 , 0 . 2 , 0 . 1 ] ;
6

7 % d i g i t a l f requency
8 f v e c = [ 0 : 0 . 0 0 1 : p i ] ;
9

10 % DTFT
11 [ H dtft , f v e c ] = d t f t ( h f i r , f v e c ) ;
12

13 % analog f requency : F vec
14 % d i g i t a l f requency : f v e c
15 % convert d i g i t a l f requency to analog f requency
16 F vec = f v e c *Fs /(2* pi ) ;
17

18 % plo t the amplitude response in dB
19 p lo t ( F vec , 20* l og10 ( abs ( H dt f t ) ) )
20 x l a b e l ( ’ analog f requency (Hz) ’ ) ;
21 y l a b e l ( ’ 20* l og10 ( |H | ) dB ’ ) ;
22 g r id on
23

24 The func t i on d t f t .m:
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25 f unc t i on [ H dtft , f v e c ] = d t f t ( h vec , f v e c )
26

27 i f narg in == 1
28 f v e c = −pi : 0 . 0 0 1 : p i ;
29 end
30

31 H dtf t = ze ro s ( s i z e ( f v e c ) ) ;
32 f o r mm = 1 : l ength ( h vec )
33 H dtf t = H dt f t + h vec (mm) *exp(− j *(mm−1) * . . .
34 f v e c ) ;
35 end
36 end

2. (a) Manually calculate the DTFT of the following signals, and plot
the DTFT.

(b) Using the DTFT program in the previous eample, calculate with
Matlab the DTFT of the following signals. Plot the DTFT and
compare the results from your manual calculation.

x(n) = u(n)− u(n− 20) (1)

x(b) = exp(−2n)u(n) (2)

3. Decimation and Interpolation. Consider the analog signal xa(t) =
20sinc(20t).

(a) Sample the signal at a frequency 80 Hz. Calculate with Matlab
the DTFT of x(n) = xa(nTs), and plot the DTFT in [−π, π].

(b) Decimate the above samples by a factor of M = 2. Calculate with
Matlab the DTFT of x(n), and plot the DTFT in [−π, π].

(c) Interpolate the samples in part (a) by a factor of L = 2. Calculate
with Matlab the DTFT of x(n), and plot the DTFT in [−π, π].
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