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ON AN INTEGRAL OF LOMMEL AND BESSEL FUNCTIONS
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Abstract

In this paper we have evaluated an infinite integral of product of the Lommel and
Bessel functions and powers. Some special cases of the result are discussed.

1. Introduction

The Struve functions and Neumann and Schiafli polynomials are special cases
of the Lommel functions s, , [10, pages 228-351]. The Lommel functions are
particular integrals of the inhomogeneous Bessel differential equation

—vHw =z*, ey

where 1 and v are constants. These functions are encountered in the analytic
theory of light [9, pages 392-395], the theory of diffraction [10, page 337],
acoustical problems associated with determination of fluid pressure on a vibrat-
ing disk and, in the theory of loud speaker diaphragms [7, page 76], [6]. It
should be noted that few results of integrals involving products of Bessel and
Struve functions exist in the literature (see [4, 8, 10]). These integrals arise in
the solutions to dual integral equations in which the kernel is the Bessel function.
See {5, pages 201-204] and [1, pages 404-406]. For example, it can be seen
that 5, page 203] g(y) = (—1)"«/§My'%H(,,+%)(y), n > 0, solves the dual

F(r+3)
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integral equations

f gMLxy)dy =x", 0O0<x<1
[1]

/ yeWMhxy)dy =0, 1<x < o0.
0

The integral equations arise in the problems of finding the potential field in
different types of practical problems. See [1, page 404] and [5, page 203]. In this
paper we have solved an infinite integral of product of the Lommel and Bessel
functions and powers. Some special cases of the result involving products of
Bessel and Struve functions are discussed.

THEOREM 1.
[e o]
f tv—ka+k (2pt)s2k'2u(2at)dt
0

Tu+v+ P —p+ 1)
F(U — k + 1)p2u+v—k+l
P —a?
x2F1<p,+v+%,,u,—k+%;v—k+1; = )
(Re(k £ ) > —1, Re(v+k) > —1, Re(vtp) > -3, Rep >0). (2)
PROOF. Let us define

F(t) = thexp (%) Wi, (%) . arg(a) < 7, 3)

where W, , is the Whittaker function. Then, according to [3, page 217(21)]
F(x) = L{f(t); x} = 2" Haix ™ 25y.,(2/ax)

. 22k—3 2u

(Re(k £ ) > =1, Re(p) > 0). 4)
Replacing ¢ by 1/¢ in (3) and then multiplying both sides by 1***~!, we get
a
£ (1/1) = ) exp (Et) W, . (ar). )

Using the result [3, page 216(16)], we have

T(u+v+HIE—p+ Ha*ti
L+ £ (Lty: p) = (n DI —pn 21)
(V- k + 1)prets

—da
x2F1<u+v+§,u—k+%; v—k+1; pp )

(Re(vx ) > —%, Re p > 0). 6)
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However, according to [3, page 132(25)]

L{tu+k_lf(1/t); p} — p—(u+k)/2/ x(u+k)/2F(x)Jv+k(2 /px)dx
0

(Re(v 4+ k) > —1). )
Equating (6) and (7) we get
f T RO (1) ], (2P

(i}
_Te+v+Tv—p+ Lyat
- (v —k + l)p(v+2u—k+l)/2

-—da
x, Fy (u+v+%,u—k+%; v—k+1; pp )

(Re(k:tu) > —%, Re(v +k) > —1, Re(v £ u) > —%, Rep > O). ®
Substituting the value of F(x) in (8) we get
/ xCTEDR g R/ PX) S 2 2V ax)dx
0

a2 T+ v+ DI — p + Pa*
F(U —k+ l)p("+2“‘_k+l)/2

—da
XZFI(u+v+%,u—k+%;v—k+1;pp ) 9

=2

Replacing a by a? and p by p? in (9) we get
dx

GO (2 2
fo x T N

2
— 22k——3 F(l/« + v+ %)F(U —H + %)a a
F(V —k + l)pv+2u—k+l

p?—a
X, F| <u+v+%,u—k+%; v—k+1; T—) (10)

2

The transformation ¢ = x? in (10) yields the proof of the theorem.

COROLLARY 1.

o Fp+v+HME—p+i)
v—k — H2u-3 2 2
[t @pnsaepiar = 2 —E TS

(Re(k £ u)>—1, Re(vEpu)>—1, Re(v+k)>—1,Rep>0) (11
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PROOF. This follows from the theorem when we take p = a. In particular when
k = pin (11) we get

e , T v 1 'v— 1
/tv_“-]wu(zpt)]'lzuept)dt=4'17r'i (utv+3)I( M_tZ) pu-v—1
0 Fv—pu+DHrCur+3)

(Repp > —1/4, Re(vtpu) > —1, Rep>0). (12)
COROLLARY 2.
o0
1
/ J,(btYH,(bt)dt = o (Rev > —1, Reb > 0). (13)
0

PROOF. This follows from (12) when we take ¢+ = v and put 2p = b.

REMARK 1. It should be noted that (13) is an interesting identity because we
also have [4, page 665(6.511)(1)]

e 1
/ Jo(bt)dt = 5 (Reb >0, Rev>—1).
0

REMARK 2. It is interesting to see that (13) can be proved directly for v = 0 as
follows. According to [7, page 207],

_ i o~ Jons1(2)
Ho(2) = n ; 2n+1° (14)

Multiplying both sides of (14) by Jy(2z) and integrating from 0 to oo, we get

/0 Jo(z) Ho(2)dz = ;; / e /0 Jo@) Jonsr (2)dz. (15)

However, according to {4, page 666(6.512)(2)],

o (="
f 7@ T @z = L (16)
0 2
and substitution of x = 7 /2 in the Fourier sine series
’ sinx  sin2x N sin3x  sindx + - x
x = - - SRR I - <x <
1 2 3 4
yields
T = (=D
— = ) 17
4 ,.Z=<; 2n +1 17

From (15) — (17) we get the proof of (13) forv = 0.
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COROLLARY 3. (see [4, page 405(3.721)D).

/oo SIN@) =% (Rea>0). (18)
A 2

PROOF. Substituting v = —% in (13) and using the relation H_%(z) = Ji(z) we
get

° 1
/0 J_i(bt)Jy(br)dt = B (19)

The substitution of the values of J i (bt) and J% (bt) from [4, page 966(8.464)]
into (19) yields the proof of (18).

COROLLARY 4.

1 v k
* 31 22| 2 ta2t;
f Lok (2pt)Gy3 | Pt 1 . ) . dt
° it tu—-3. 5 -k—3
[T@w+v+preo—p+p][rg—k—wrg —k+m
- pT(v—k+1) 4l+k—p
(Re(k = p) > =2, Re(vt p) > —1, Re(v+k) > —1, Rep > 0).
(20
PROOF. This follows from (11) when we use the facts [2, page 209(8)] and [3,
page 220(55)].
COROLLARY 5.

/ " J,ru 2pt) Hyy (2at)dt
0

Tu+v+ DT —p+1) o

F(w—pu+DrQu+3) pr!
2 _ g2
x; Filu+v+3, 5 v—p+1; P p= )

=4"'g2

(Rep > —%, Re(vtp) > —1, Rep >0, arga <m). (21)

PROOF. This follows from the theorem when we taken k = w and use the fact
[4, page 986(8.573)(5)].
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