
PHYS 623 Classical Electrodynamics S 2021

Problem Assignment # 17 05/20/2021
(ctd from #15) due 05/27/2021

4.6.1. Properties of Bessel functions (not graded)

note: AS refers to the book by Abramowitz and Stegun (which now goes by F.W.J. Olver et al, see the link 
on the web page)

a) Starting from the integral representation of the Bessel function Jm (see, e.g., AS 9.1.22)

Jn(x) =

∫ π

0

dφ

π
cos(x sinφ− nφ)

show that J2n(x) can be written as

J2n(x) =

∫ π

0

dφ

π
cos(x sin(φ/2)) cos(nφ)

b) Show that for n� 1, β / 1,

J ′n(βn) ≈

{
22/3

31/3Γ(1/3)
n−2/3 for 1� n� γ3

1√
2π

1√
nγ e

−n/3γ3

for n� γ3

where J ′n(x) is the derivative of Jn(x) with respect to its argument, and γ = 1/
√
1− β2.

note: This can be shown by asymptotic analysis, starting from the integral representation of the Bessel
function, but this is quite involved. For our present purposes, start with tabulated asymptotic expansions,
e.g., AS 9.3.35 and 9.3.43, and take it from there.

c) Show that the Bessel function itself has the asymptotic behavior

Jn(βn) =

{
1

32/3Γ(2/3)
(2/n)1/3 for 1� n� γ3

1√
2π

√
γ/n e−n/3γ

3

for n� γ3

(6 points)

4.6.2. Synchrotron radiation (to be continued next week)

a) Starting from the expression for the radiated power in ch. 4 §6.2 lemma 1, integrate over the angles to
show that the power spectrum of synchrotron radiation can be written

dP

dω
=

ω

2π

e2

R

∫
dτ eiωτ f(ω0τ)

Determine the function f and show that it is 2π-periodic.

b) Expand the periodic function f from part a) in a Fourier series and perform the τ -integration to show
that the power spectrum takes the form

dP

dω
=
∞∑
m=1

δ(ω −mω0)Pm

with Pm expressed in terms of an integral.

(9 points)
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