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ON A LAME’S POLYNOMIALS

BORO M. PIPEREVSKI

Abstract. This paper examines the Lame differential equation in algebraic
form. For this class of differential equations necessary and sufficient condi-
tions are obtained for existence of the polynomial solution. The algebraic
equation is obtained which roots are the appropriate parameter values for
which the differential equation has a polynomial solution which can be inter-
preted as eigenvalues in their Sturm-Liouville problem.

1. INTRODUCTION

In the theory of partial differential equations and the Calculus of Variations
classical result for solving the internal bounday value of Dirichlet’s problem for
the Laplace’s partial differential equation in a sphere is known. With the trans-
formation in spherical coordinates and applying Fourier’s method of separation
of variables, differential equations whose solutions are classical orthogonal Le-
gendre’s polynomials are obtained which are custom functions for appropriate
Sturm-Liouville problem. Therefore, solutions of the Laplace’s partial differen-
tial equation are obtained in the form of homogeneous polynomials of appropriate
degree and are called spherical harmonic functions.

This approach of solving the same problem, but for ellipsoid was used by Lame
with the introduction of confocal coordinates in Laplase’s partial differential equa-
tion. Using the elliptic functions and using the Fourier’s method of separation of
the variables, a differential equation was obtained of the following kind:

2

d*y
2 + [ap(u) + bly =0,

where p(u) is the Weierstrass’ function of the parameters ey, ea, es,e1 +ea+e3 = 0,
and where a and b are parameters to be determined by the conditions of the
problem.
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The requirement of Dirichlet’s problem of seeking a solution homogeneous poly-
nomial of degree n ie harmonious analytic function in the relevant field, we get a
parameter a that can be of type a = —n(n + 1), n-natural number.

The same condition is obtained by a different approach in Lame’s classical
theory of differential equation in algebraic form of the Fuchsian class four regular
singularities

il 1
p(@)y” + 5@ (2)y + (ax +b)y =0,
where ¢(x) = 4(x — e1)(x — e2)(x — e3), to satisfy the conditions this equation has
general solution univocal analytical function.

The relationship between the two types is given by p(u) = z.
It shows that this conditions is necessary and sufficient.

The Lame’s equation is a special case of Shredinger’s equation and Hill’s equa-
tion. This paper examines Lame’s differential equation in algebraic form

20(x)y” + ¢ (x)y —2[n(n+ 1)z — Ny =0, (1)

where n-natural number and \-parameter.

2. MAIN RESULT
In [2] necessary and sufficient conditions are obtained for the of class differential
equations with polynomial coefficients of the following kind
(as2® + a® + anz + a0)y” + (B22” + b1z + Bo)y’ + (mz + )y =0, (1)
to have a polynomial solution.

Equation (1) has a polynomial solution of degree m if and only if there is a
natural number m which satisfies the conditions

azm® + (B2 — az)m +y1 =0

A, =0, (2)
where
Qo Ry So 0 ... O 0 0 0
P Q1 R S 0 .. 0 0 0
e I T
0 0 0 0 .. 0 Pn1 Qu-1 Rn_
0 0 0 0O 0 O 0 P, Qm

Py = (k—=1)(k—2)as + (k= 1)B2 + 7,
Qr = k(k — L)az + kb1 + 70,
Ry, = k(k+1)aq + (k+ 1)5o,
Sk = (k+1)(k + 2)ao,
k=0,1,2,...,m.
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The m is the smallest natural number if the characteristic quadratic equation
ast? + (Be —az)t+v1 =0
has two roots of natural numbers.
Lame equation (1’) in algebraic form
42 + Erx — B)y” +2(32% + By’ — [n(n+ 1)z — Ny = 0, (4)
where
Ey =e1ex +ere3 + ezes, By = ereses,
is a special case of equation (1) with
as =4,a0 =0,0 =4E1, 90 = —4E5,
B2=16,81=0,80 =2E1,71 = —n(n+1),7% =\
In accordance with the conditions (2) Lame’s equation (4) has a polynomial

solution of degree m called the Lame’ polynomial or Lame’ function of the first
kind if and only if satisfies the conditions

4m? 4+ 2m —n(n+1) =0,
A, =0, (5)
where in the determinant (3) is substituted
P, =2k—-1)(2k—-1)—n(n+1),
Qr = A,
Ry =2(k+1)(2k+ 1)Fy,
S = —4(k+ 1)(k + 2)E>,
k=0,1,2,..,m.

Theorem. Lame’s differential equation(4) has a polynomial solution if and only
if there is a natural number m for which satisfies the conditions

n = 2m,
A 2F, —8Fs 0... ...0
—2m(2m +1) A 12F, —24F, ...0
0 6 —2m(2m +1) A 30E, —48F, —0
0... .0 —16m + 12 A 2m(2m — 1)Ey
0... 0 ...0 —8m + 2 A

Proof. The corresponding characteristic equation
42 42t —n(n+1)=0

has two roots
. _nt _ n—+1
1_272_ 2 N
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Thus for n = 2m only one t; = m is a natural number and the equation can have
only one polynomial solution of degree m. So the first condition of existence is
actually a natural number m for which n = 2m is valid.

The second condition is the second condition of (5) for n = 2m and is actually
algebraic equation of degree m + 1 in terms of the parameter .

The roots of this equation, real and different, are the values of the parameter A,
for which the Lame’s equation has a polynomials solution of degree m. So in that
case the equation (4) will have m + 1 polynomial solutions of degree m appropriate
for each of the m + 1 roots of that equation, which is consistent with the classical
results [1,3].

We now give some special cases.
For n = 2 in accordance with the theorem, the equation
4(x3 + Brx — Ey)y” +2(32% + Ey)y' — [6z — Ny =0,

has a polynomial solution of degree m = 1 if the parameter X\ is one of the two
roots of the equation

A 2B
A= ‘—6 A
=2 +12EF; = 0.

So both polynomial solutions are

1 1

Pll :I+*)\1,P12 :I’+*>\2

6 6

where A1 and )\ are the roots of the quadratic equation.
For n = 4 in accordance with the theorem, the equation
4(z® + By — BEo)y” +2(32% + E1)y’ — [200 — Ny = 0,

has a polynomial solution of degree m = 2 if the parameter A is one of the three
roots of equation

A 2F; —8E

Ay =|—-20 X 12E;
0 -14 A
=2\ 4 (14-12 4+ 40)E1 ) — 8- 14 - 20E, = 0.

Three polynomial solutions are

1 1 1

1 1 1
Py =2+ -+ —[12E; + 1/\3],

4 20
P =22 5 i12E 52
5 = & +43+20[ 1+43],

where A1, A2 and A3 are the roots of algebraic equation of third degree.
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These values of the parameter A can be called their eigenvalues, which corre-
spond to the appropriate polynomial solutions of Lame’s equation, called eigen-
functions. Therefore this problem can be regarded as solving Sturm-Liouville-
problem or a problem to find their eigenvalues and eigenfunctions for one special
differential operator ,

l= g2t q(z).
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3A IIOJIMHOMMTE HA LAME

Bopo M. Ilunepescku

Pesuwme

Bo oBoj Tpyn ce pa3rnenyBa mugepeHunujaIHa paBeHka Ha Lame Bo asre-
Gapcku BuA. 3a oBaa Kjaaca IUPEPEHIVjaJTHI PABEHKU ce NOOUEHU MOTPeOHN
U TOBOJIHU YCJIOBU 3a €T3UCTEHIN]a Ha MOJUHOMHO pemenue. [Ipu Toa e qodu-
eHa airebapCcka PaBEHKA UMM KOPEHU Ce€ BPEAHOCTUTE HA COOJBETEH IapaM-
eTap 3a KOM AU(PEPEHIUjaTHATa PABEHKA KMMa IIOJIWHOMHO DEIIeHWE U KOU
MOMKAT Na Ce MHTEPIPETUPAAT M KAKO COICTBEHU BPEIHOCTU Kaj COOJBETHA
3amauva "Ha Sturm-Liouville.

Kayunn 360poBu: nudepeHnrjasina paBeHKa, MOJIUHOMHU DENIEHUja, COI-
CTBEHU BPETHOCTU
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