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Problem 11.1
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Problem 11.2

The DCT is equivalent to the real-symmetric DFT of a real-symmetric function. So, under the assumption
that c[0] = 0, computing the DCT of a 12-sample rectangular window is equivalent to computing the DFT
of a (2 × 12 + 1)-sample, zero-centered window,

w[n] =

{
1 −12 ≤ n ≤ 12
0 otherwise

. . . under the assumption that c[0] = 0. So if that assumption is valid, then
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which has its first null at ω = 2π
25 , corresponding to f = 16000

25 = 640 Hertz.

Problem 11.3

W is the DFT matrix, so

wmn = e−
j2πmn
N

V is the mel-frequency filterbank matrix, so

vlm =
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with band edges ml as given in problem 1.
U is the (inverse) discrete cosine transform matrix, which is the symmetric real IDFT of a symmetric

real sequence. It’s not totally clear what should be the length of the DFT, here, but a reasonable choice is
2L+ 1, which would give:
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