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II.4.1. 1-d Fourier transforms

Consider a function f of one real variable x. Calculate the Fourier transforms f̂(k) =
´
dx e−ikx f(x)

of the following functions:

a) f(x) =

{
1 for |x| ≤ 1

0 otherwise .

b) f(x) =

{
1− |x| for |x| ≤ 1

0 otherwise .

c) f(x) = e−(x/x0)
2

.

(3 points)

Solution

a) f̂(k) =
´
dx e−ikxΘ(|x| ≤ 1) =

´ 1
−1
dx e−ikx = −1

ik

(
e−ikx − eikx

)
= 1

ik 2i sin k = 2
k sin k 1pt

b)

f̂(k) =

ˆ 1

−1

dx e−ikx (1− |x|) =

ˆ 0

−1

dx e−ikx(1 + x) +

ˆ 1

0

dx e−ikx(1− x)

=
2

k
sin k +

e−ikx

−ik

(
x− 1

−ik

)∣∣∣∣∣
0

−1

− e−ikx

−ik

(
x− 1

−ik

)∣∣∣∣∣
1

0

=
2

k
sin k − 1

(ik)2
+

1

ik
eik
(
−1 +

1

ik

)
+

1

ik
e−ik

(
1 +

1

ik

)
− 1

(ik)2

=
2

k
sin k +

2

k2
− 1

ik
2i sin k +

1

(ik)2
2 cos k

=
2

k2
(1− cos k) 1pt

c)

f̂(k) =

ˆ
d e−ikx e−(x/x0)

2

= x0

ˆ
dx e−x2−ikx0x

= x0

ˆ
dx e−(x2+2i(kx0/2)x−k2x2

0/4)e−k2x2
0/4

= x0 e
−k2x2

0/4

ˆ
dx e−(x+ikx0/2)

2

= x0 e
−k2x2

0/4

ˆ
dx e−x2

=
√
π x0 e

−k2x2
0/4 1pt


