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1 PROBLEM STATEMENT

Suppose A(x) and B(x) are two square integrable (with respect to the Lebesgue measure),
complex-valued functions on C of period 2π with Fourier series

A(x) =
∞∑

n=−∞
ane i nx (1.1)

and

B(x) =
∞∑

n=−∞
bne i nx (1.2)

respectively. Then
1

2π

∫ π

−π
A(x)B̄(x)dx =

∞∑
n=−∞

an b̄n . (1.3)

Prove the theorem.

2 ELABORATION

The result is a natural result of mutual orthogonality of sine and cosine functions. Since∫ π

−π
e i nx e−i mx dx =

∫ π

−π
e i (n−m)x dx =

∫ π

−π
cos((n −m)x)+ i sin((n −m)x)dx. (2.1)

The result is 2πwhen n−m = 0 and 0 otherwise. Therefore, apply Eqs. (1.1) and (1.2) into the
left hand side of Eq. (1.3), we have

1



1

2π

∫ π

−π
A(x)B̄(x)dx = 1

2π

∫ π

−π

∞∑
n=−∞

∞∑
m=−∞

an b̄me i (n−m)x dx

= 1

2π

∞∑
n=−∞

∞∑
m=−∞

∫ π

−π
an b̄me i (n−m)x dx.

Sine only when n = m the term would preserve so the proof is done.
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