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Exercises: 14.1

14.1.3

Using only the generating function

eac/2(t71/t) _ Z Jn(a:)t” (1)

and not the explicit series form of J,, (¢), show that J,, (¢) has odd and even parity according to whether n is
odd or even, that is,

Jue) = (~1)" () )
Solution:
1= e (3) o
e e e
#0=3 e (3) "
S
In(—2) = ; sv((;r)s)! (T) (5)
ST
- iﬂ ey (5) 7)
-0y e (5)" )
Tu(=2) = (~1)" (@) )
= (1) () = Ju(2) (10)

14.1.4
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Use the basic recurrence formulas,

To 1 (2) + Juos (2) = %“Jn (2)
In-1(2) = Jnt1(z) = 2J5 ()

to prove the following formulas:
@ L [e" Ju(2)] = " Jus ()
(b) [z " Jn(2)] = —2 " T
© Joz = J | + T (2)

Solution:

(a) %[m”Jn(:p)] =2"J, 1(2)

= % Jn—1 (:L') + Jni1 (x) + Jno1 — Jnq1 (:L’)}
_ %Z(Jn,l(a:)) = 2"J, 1 (x)
(b) %[af”Jn( )] = -z " Jpt1
d . . B d(z™1) _p Ay (2)
%[33 Jn(z)] dz In(@) + 2 dz

= —nz "1, (z) + 2 " T, (2)

B " (2n z ",
=— (xJn(a:)>+ ) 2J,(z)

-n

2 (0@ s s @)~ S @)

—-n

= (-2 (@) = 2 "o (2)

(© Ju(z) = I (z) + n_HJnH (z)

T

Tt (@) + Jnia () = Z?an(a;)

Jn-1(x) — Jpi1(x) = 2J ()

2n
2Jn 1) = 7Jn(ﬂ3) = 2Jn(x)

n
Jn+1(ac) = ; n(w) - J/l(x)

14.1.5

Derive the Jacobi-Anger expansion


af://n38

o0

eiPcos e Z inJ. (p)eimcp

n=—oo
This is an expansion of a plane wave in series of cylindrical waves.
Solution:

eip cosp __ im Jm (p)eimcp

gk

m=—0o0

T (p) (i€

gk

m=—00

Compare this to the generating function of Bessel equation,

g(x,t) = @DV — Z T

m=—00

=t= (iei‘p);m =p
3 Ju(p) i) = elp/AE 1)

_ clp/2)lie® ie )
_ 6(/)/2)21' cos

o0

Z im I (p)eim<p — eiPcose

m=—0oQ

14.1.6
Show that
(@)cosz = Jo(z) + 2> 07 (—1)"Jo, ()

(b)sinz =2 07 (—1)"Jany1 ()

Solution:
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(35)

eip cosp __ Z im I (p)eimga

(36)
(37)
(38)
(39)
(40)
(41)
(42)

sin &

cos T
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