
HINTS FOR ASSIGNMENT 2

12) To know what you’re shooting for, you can try giving the relevant integrals to a computer
algebra system (e.g., Maple, Mathematica) or, perhaps more conveniently, to Wolfram Alpha:

There’s
nothing wrong with using these resources to check your work. Of course, you still need to
show your work so you still need to do the integral by hand.

A few more things: Notice that eiπn = (−1)n, so the integral simplifies if you split up the
n even and n odd cases. Also, if f(t) is an even function, i.e., f(−t) = f(t), then only cosines
terms will appear in the real form of the Fourier series. The functions f(t) of problem 12
and 14 are even. Also, if f(t) is an odd function, i.e., f(−t) = −f(t), then only sines terms
will appear in the real form of the Fourier series.
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14) I suggest writing sin(t) as 1
2i

(eint − e−int). Alternatively, you can look up integrals like∫
eax sin(bx)dx

in tables of integrals in your favourite calculus textbook. For this problem, a = −in and
b = 1. See also the hints for problem 12.

15) We’re given signals x = (x0, . . . , xN−1) and y = (y0, . . . , yN−1) and we set z = x+ y:

(?) z = (x0 + y0, . . . , xN−1 + yN−1).

I want you to show that x̂+ ŷ = ẑ. This is an equality of vectors. Two vectors are equal when
their corresponding coordinates are all equal. So you need to show that the n-th coordinate
of x̂+ ŷ, namely x̂n + ŷn, is equal to the n-th coordinate of ẑ, namely ẑn. Use the definition
of the DFT to compute x̂n + ŷn and ẑn:

x̂n + ŷn =
N−1∑
k=0

xke
−2πink/N +

N−1∑
k=0

yke
−2πink/N ,

ẑn =
N−1∑
k=0

zke
−2πink/N .

Into this last expression, plug in what zk is – use (?).
17) a) Write out the matrix. Maybe do a few small examples like N = 2, 3, 4 to see the
patterns in the entries. The symmetry should be evident.

b) To show that A−1 = N−1Ā, compute AĀ and ĀA. You’ll need to use the fact, proved in
class, that,

N−1∑
k=0

e2πik/N =
N−1∑
k=0

ωk =

{
N if N | k,
0 otherwise.

This result was the key to the proof of the inversion formula. (Note: In the original
statement of the question, I left out the N−1 in front of the Ā.)

c) To see this, we write our the components of x̂ in terms of ω:

x̂n =
N−1∑
k=0

xke
−2πink/N =

N−1∑
k=0

xk(e
2πi/N)−nk =

N−1∑
k=0

xkω
−nk =

(
ω−n·0 ω−n·1 · · · ω−n·n)


x0
x1
...

xN−1

 .

Explain why this implies that

(x̂0, . . . , x̂N−1) = (x0, . . . , xN−1)A

for the matrix A whose (i, j)-th entry is ω−(i−1)(j−1), 1 ≤ i, j ≤ N . (Note: I missed the
minus sign in the exponent when I fist posted the problem.)

24) If δ = (1, 0, . . . , 0), then δ[n− k] is the signal whose n-th entry is δn−k:

δ[n− k] = (0, . . . 0, 1, 0 . . . , 0) (1 in position k),
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and similarly for `. Its DFT is the signal whose n-th component is
N−1∑
j=0

δj−ke
−2πinj/N .

All but one of the quantities δj−k in this expression are 0, so it simplifies significantly. Now
do the same for δ[n− `]...
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