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8.1

We have to prove that

〈ej2πmt/N , ej2πnt/N 〉 =
N−1∑
t=0

ej2π(m−n)t/N = 0 if m 6= n

This is a geometric series of the kind
N−1∑
t=0

at

where a = ej2π(m−n)/N . We know that the partial sum of this series can be written (see also
Exercise 4.3) as:

N−1∑
t=0

at =
aN − 1
a − 1

In our case, substituting the value of a we have:
N−1∑
t=0

ej2π(m−n)t/N =
eNj2π(m−n)t/N − 1
ej2π(m−n)t/N − 1

=
ej2π(m−n)t − 1

ej2π(m−n)t/N − 1

Since (n − m)t is integer, the exponential in the numerator is always equal to 1 and the inner
product is zero.

8.2

From equations 2.5 and 2.6 in the text book:

Xk =
N−1∑
t=0

xte
−j2πkt/N (1)

xt =
1
N

N−1∑
k=0

Xke
j2πkt/N (2)

1 (2)
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Substituting 1 into 2 we have1:

xt =
1
N

N−1∑
k=0

[
N−1∑
u=0

xue−j2πku/N

]
ej2πkt/N

For the associative property (a(b + c) = ab + ac), we can take the last term into the inner sum:

· · · =
1
N

N−1∑
k=0

[
N−1∑
u=0

xue−j2πku/Nej2πkt/N

]

=
1
N

N−1∑
k=0

N−1∑
u=0

xue−j2πk(u−t)/N

We can now invert the two sums (they are linear combinations, and the order of summing does
not matter), and take the term xu out of the sum over k.

· · · =
1
N

N−1∑
u=0

N−1∑
k=0

xue−j2πk(u−t)/N

=
1
N

N−1∑
u=0

xu

N−1∑
k=0

e−j2πk(u−t)/N (3)

We call the inner sum f(u − t):

f(u − t) =
N−1∑
k=0

e−j2πk(u−t)/N

Now we note that if t 6= u this function is always zero (see Exercise 8.1). If u = t, instead,
f(0) = N because we sum N times the unity. So Equation 3 becomes:

· · · =
1
N

N−1∑
u=0

f(u − t)xu

When we sum over u we see that the only non-zero term is the one for u = t leading to:

· · · =
1
N

f(0)xu=t =
1
N

Nxt = xt

as we wanted to prove.

1note that the index t in 2 stands for a fixed time point at which we want to compute the signal x, while in
1 it is a mere index used to loop over all the samples of the signal to compute the DFT coefficients. To avoid
confusing between the two indexes, we changed name of the second to u
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