PHYS 610 Mathematical Methods for Scientists F 2023

Problem Assignments # 9 11/22/2023
due 11/29/2023

2.4.1. 1-d Fourier transforms

Consider a function f of one real variable z. Calculate the Fourier transforms f(k) = [ dz e~ f(x) of the
following functions:

2 flz) = {1 or el = 1

0 otherwise

b) f(x){l_ml for|x\§1.

0 otherwise

&) Jla) = (ol
(3 points)

2.4.2. 3-d Fourier transforms

Consider a function f of one vector variable € IR3. The Fourier transform f of f is defined as

) = [ do e fa)
Calculate the Fourier transforms of the following functions:

a)
f(sr:):{l for r < rg (r=|z|)

0 otherwise

flx)=1/r

%e‘r/’"ﬂ and let rg — oo.

hint: Consider g(x) =

(3 points)

... /over



2.4.3. More 1-d Fourier transforms

Consider a function of time f(¢) and define its Fourier transform
flw) = [ ar e s
and its Laplace transform F(z) as
F(z)= :l:i/dt et fu(t) (% for sgn(Im z) = +1)
with 2z a complex frequency and fi(t) = O(=%t) f(t). Further define

F(w) = % Flw+i0) - Flw—i0)] ,  F'(w) = < [F(w+i0) + Fw — i0)]

N |

Calculate F"(w) and F'(w) for
a) (1) = e /"
b) £(t) = et

hint: lim. o €/(2? + €2) = 7 §(x), with §(x) the familiar Dirac delta-function, which we will study in
detail in Week 10.

Show that in both cases | % w =F'(w=0).
note: These concepts are important for the theory of response functions.

(4 points)



