2009 Paper 4 Question 9

Mathematical Methods for Computer Science

For functions f : R — C define the Fourier transform of f, written Fjy)(w), as the
function R — C given by

1 e )
Fip(w) = %/_ f(x)e **dx

whenever the integral exists.

(a)

Show that
Flaf+g (W) = aFg(w) + BFg(w)

for all complex constants «, € C and functions f and g such that their
Fourier transforms exist. [4 marks]

For a,b € R with a # 0, let g(z) = f(ax + b). Show that

Fig(w) = 1oe™° Ry (%)

|al a
[6 marks]
Derive Fis,1(w) where
1 —c<z<c
felw) = {0 otherwise
and c¢ is a positive constant. [4 marks]
For the piecewise constant function
0 z>14
2 3<xr<A4
hr)=<¢1 2<x<3
3 1I<ax<2
0 z<1
derive its Fourier transform F,;(w). [6 marks]



