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l . IN this note a simple application of the Kontorovich-Lebedev transform
is described. The problem to which the transform is applied is the one con-
sidered in a recent paper (1).

An infinitely long line source of uniformly distributed current, whose density
is a function of time alone, lies parallel to the edge of a wedge with perfectly
conducting walls in a region of conductivity a, dielectric constant e and
permeability fi. Cylindrical coordinates (r, 6, z) with the tip of the wedge
coincident with the z axis are used. The angle of the wedge is taken to be
a and the line source passes through (r0, 0O), 0^90^OL. Since the problem is
two dimensional, Maxwell's equations (in m.k.s. units) for the region within
the wedge are

8EZ 8Hr , . 8EZ dHe I^ () V
where r-lM(t)h{r — ro)S(0— 60) represents a current density corresponding to
a line source passing through (r0, 60). M(t) is a function of time alone and
S(x) denotes the Dirac delta function.

The conditions on the boundary are :—

Ez = 0 on 0 = 0, a,
Br=He = Ez = 0 at < = 0 andasr->oo., }

In the previous paper a Laplace transform in t and a finite Fourier trans-
form in 0 were used to reduce the equations (1) to an ordinary differential
equation in r. In this paper a Laplace transform in t and a Kontorovich-
Lebedev transform in r are used to reduce these equations to an ordinary
differential equation in d.

2. The particular form of the Kontorovich-Lebedev transform chosen is

f0

(3)

where In(z) and K^(z) denote modified Bessel functions of order A.
A formula of this type has been reported by Lebedev (2).

Hence multiplying equation (la) by rK\(y]r)e-st, (lb) by Kx(r]r)e-St, (le) by

r -

E.M.S.—I
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and integrating with respect to t and r over the range (0, oo) we find

dd
(4)

where

r°° fir Cm rir f"

A, 0, «) = J , ( r , 0, «)XAfor)- = XA(v) -
Jo Jo Jo

- < o _
A,fl,«)= EzKh{-qr)rdr,

J o

r(A, e,«)= f SrK(vr)dr,
J o

and the bar above a component denotes its Laplace transform with respect
to t.

From equations (4) we find that the equation for Sz is

The solution of equation (5) subject to the boundary conditions (2) is readily
shown to be

(6)

When 6> 80 the positions of 0 and 90 are interchanged.
Inverting with respect to the Kontorovich-Lebedev transform (using

equation (3)) we have

Ez(r, 0, s)= - ^ . ' . ,0/ Kx(r>r0)IA(T)r)dX, 8<90. ...(7)
" • J J —i<x> sin Aa

We may easily derive an expression for Ez in the form of an infinite series.
For this purpose we indent at the origin by a small semi-circle in the right
half plane (with radius tending to zero) and complete the path of integration

(r<r0) to a closed one by a half circle radius (JV-f-J) - in the right half plane,
a

apply the residue theorem and let N tend to infinity through the positive
integers. The only simple poles within the closed contour are at

An=—, n=I, 2, 3...
a
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and the residue of the integrand at A=An is found to be

- - Kni, (r)ro)Ini, (r)r) sin ^sin , r<r0 (8)
a T T a a

The contribution along the indentation around the origin for a radius of
indentation tending to zero is zero. Hence we have

=, 2asM(s) a „ . , T # » • nnda . rnrd
a a a

When r > r0 the positions of r and r0 are interchanged.
Inverting equation (9) with respect to the Laplace transform gives

E.(r, e,t)=%-^E s i n — ° s i n — f"+M°«*(«)JSr»,(ijfo)/,,.(rjr)e^ds (10)
7ran=i a a J Y-ia> — —

Equation (10) is identical with the solution obtained in (1, equation (6)).
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