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1. A sawtooth wave is given by the periodic extension of

f(x) = x, − π < x < π. (1)

Show that

f(x) = 2
∞∑

n=1

(−1)n+1

n
sin nx. (2)

2. Verify that

δ(φ1 − φ2) =
1

2π

∞∑
m=−∞

eim(φ1−φ2), (3)

is the Dirac δ-function, by showing that it satisfies the fundamental definition

∫ π

−π

f(φ1)

(
1

2π

∞∑
m=−∞

eim(φ1−φ2)

)
dφ1 = f(φ2). (4)

3. (a) Find the Fourier series of

f(x) =

{
0, −π < x ≤ 0
x, 0 ≤ x < π

(5)

(b) From the result of a), show that

π2

8
= 1 +

1

32
+

1

52
+ . . . (6)

4. Find the Fourier transform f(x) of the function

a(k) =

{ 1√
ε
−ε/2 ≤ k ≤ ε/2

0 |k| > ε/2
(7)

5. Find the first 3 terms in the expansion of

f(x) =

{
0, −1 < x ≤ 0
1, 0 ≤ x < 1

(8)

in terms of Legendre polynomials.
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