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Chapter 8: DFT
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Figure 8.1 Periodic sequence with period N = 10 for which the Fourier series representation is to be computed.
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Figure 8.2 Magnitude and phase of the Fourier series coefficients of the sequence of Figure 8.1.
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Figure 8.3 Procedure for forming the periodic convolution of two periodic sequences.
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Table 8.1 SUMMARY OF PROPERTIES OF THE DFS
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Table 8.1 (continued) SUMMARY OF PROPERTIES OF THE DFS
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Figure 8.4 Periodic sequence x[n] formed by repeating a finite-length sequence, x[n], periodically. Alternatively, 

x[n] = x[n] over one period and is zero otherwise.

˜

˜
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Figure 8.5 Magnitude and phase of the Fourier transform of one period of the sequence in Figure 8.1.
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Figure 8.6 Overlay of Figures 8.2 and 8.5 illustrating the DFS coefficients of a periodic sequence as samples of the 

Fourier transform of one period.
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Figure 8.7 Points on the unit circle at which X(z) is sampled to obtain the periodic sequence X[k ] (N = 8).˜
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Figure 8.8 (a) Finite-length sequence x[n]. (b) Periodic sequence x[n] corresponding to sampling the Fourier transform 

of x[n] with N = 12.

˜
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Figure 8.9 Periodic sequence x[n] corresponding to sampling the Fourier transform of x[n] in Figure 8.8(a) with 

N = 7.

˜
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Figure 8.10 Illustration of the DFT. (a) Finite-length sequence x[n]. (b) Periodic sequence x[n] formed from x[n] with 

period N = 5. (c) Fourier series coefficients X[k ] for x[n]. To emphasize that the Fourier series coefficients are samples 

of the Fourier transform, |X(ejω)| is also shown. (d) DFT of x[n].

˜
˜ ˜
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Figure 8.11 Illustration of the DFT. (a) Finite-length sequence x[n]. (b) Periodic sequence ˜x[n] formed from x[n] with 

period N = 10. (c) DFT magnitude. (d) DFT phase. (x’s indicate indeterminate values.)
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Figure 8.12 Circular shift of a finite-length sequence; i.e., the effect in the time domain of multiplying the DFT of the 

sequence by a linear-phase factor.



Copyright ©2010, ©1999, ©1989 by Pearson Education, Inc.

All rights reserved.

Discrete-Time Signal Processing, Third Edition

Alan V. Oppenheim • Ronald W. Schafer

Figure 8.13 Illustration of duality. (a) Real finite-length sequence x[n]. (b) and (c) Real and imaginary parts of 

corresponding DFT X[k ]. (d) and (e) The real and imaginary parts of the dual sequence x1[n] = X[n]. (f) The DFT of 

x1[n].
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Figure 8.14 Circular convolution of a finite-length sequence x2[n] with a single delayed impulse, x1[n] = [n − 1].
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Figure 8.15 N-point circular convolution of two constant sequences of length N.
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Figure 8.16 2L-point circular convolution of two constant sequences of length L.
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Figure 8.16 (continued)   2L-point circular convolution of two constant sequences of length L.
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Table 8.2 SUMMARY OF PROPERTIES OF THE DFT
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Table 8.2 (continued) SUMMARY OF PROPERTIES OF THE DFT
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Figure 8.17 Example of linear convolution of two finite-length sequences showing that the result is such that x3[n] = 0 

for n ≤ −1 and for n ≥ L + P − 1. (a) Finite-length sequence x1[m]. (b) x2[n − m] for several values of n.
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Figure 8.18 Illustration that circular convolution is equivalent to linear convolution followed by aliasing. (a) The 

sequences x1[n] and x2[n] to be convolved. (b) The linear convolution of x1[n] and x2[n]. (c) x3[n − N] for N = 6. (d) x3[n + 

N] for N = 6. (e) x1[n] ⑥ x2[n], which is equal to the sum of (b), (c), and (d) in the interval 0 ≤ n ≤ 5. (f) x1[n] ⑫ x2[n].
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Figure 8.19 An example of linear convolution of two finite-length sequences.
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Figure 8.20 Interpretation of circular convolution as linear convolution followed by aliasing for the circular convolution 

of the two sequences x1[n] and x2[n] in Figure 8.19.
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Figure 8.21 Illustration of how the result of a circular convolution “wraps around.” (a) and (b) N = L, so the aliased 

“tail” overlaps the first (P − 1) points. (c) and (d) N = (L + P − 1), so no overlap occurs.
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Figure 8.22 Finite-length impulse response h[n] and indefinite-length signal x[n] to be filtered.
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Figure 8.23 (a) Decomposition of x[n] in Figure 8.22 into nonoverlapping sections of length L. (b) Result of convolving 

each section with h[n].
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Figure 8.24 (a) Decomposition of x[n] in Figure 8.22 into overlapping sections of length L. (b) Result of convolving 

each section with h[n]. The portions of each filtered section to be discarded in forming the linear convolution are 

indicated.
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Figure 8.25 Four ways to extend a four-point sequence x[n] both periodically and symmetrically. The finite-length 

sequence x[n] is plotted with solid dots. (a) Type-1 periodic extension for DCT-1. (b) Type-2 periodic extension for DCT-

2. (c) Type-3 periodic extension for DCT-3. (d) Type-4 periodic extension for DCT-4.
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Figure 8.26 DCT-1 and DCT-2 for the four-point sequence used in Figure 8.25. (a) DCT-1. (b) DCT-2.
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Figure 8.27 Test signal for comparing DFT and DCT.
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Figure 8.28 (a) Real part of 32-point DFT; (b) Imaginary part of 32-point DFT; (c) 32-point DCT-2 of the test signal 

plotted in Figure 8.27.
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Figure 8.29 Comparison of truncation errors for DFT and DCT-2.
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Figure P8.2
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Figure P8.3
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Figure P8.7



Copyright ©2010, ©1999, ©1989 by Pearson Education, Inc.

All rights reserved.

Discrete-Time Signal Processing, Third Edition

Alan V. Oppenheim • Ronald W. Schafer

Figure P8.10
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Figure P8.11
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Figure P8.13
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Figure P8.14
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Figure P8.15-1
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Figure P8.15-2
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Figure P8.16-1
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Figure P8.16-2
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Figure P8.17
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Figure P8.18-1
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Figure P8.18-2
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Figure P8.19
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Figure P8.20
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Figure P8.21-1
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Figure P8.21-2
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Figure P8.23



Copyright ©2010, ©1999, ©1989 by Pearson Education, Inc.

All rights reserved.

Discrete-Time Signal Processing, Third Edition

Alan V. Oppenheim • Ronald W. Schafer

Figure P8.24
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Figure P8.28
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Figure P8.35-1
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Figure P8.35-2
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Figure P8.39
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Figure P8.40
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Figure P8.41
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Figure P8.43
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Figure P8.44
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Figure P8.50-1
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Figure P8.50-2
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Figure P8.62
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Figure P8.69-1
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Figure P8.69-2
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Figure P8.70-1
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Figure P8.70-2


