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Abstract
Based on properties of solutions of Heuns differential equations, the deriva-
tive of a solution of general form of Heun’s differential equation, in some par-
ticular cases, can be expressed from the solution of another form of Heun’s
equation. Relevant symmetry properties for general Heun’s differential equa-
tions are investigated.
Keywords: Heun’s, Symmetry, Fuchsian.

1 Introduction

Heun’s differential equation and its confluent forms have been subject to re-
cent investigations in previous years due to a large number of their applications
in mathematical physics and quantum mechanics [1, 2]. They indeed play a
central role in a number of physical problems, like quasi-exactly solvable sys-
tems [5], higher dimensional correlated systems [11], Kerr-de Sitter black holes
[12], Calogero-Moser-Sutherland systems [14], finite lattice Bethe ansatz sys-
tems [15], etc. Besides, this equation appears as a natural generalization of
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the hypergeometric equation and its special cases including the Gauss hyper-
geometric, confluent hypergeometric, Mathieu, Ince, Lame, Bessel, Legendre,
Laguerre equations, etc.
The general second order Heun’s differential equation (GHE) can be writ-
ten, in canonical form, as follows [1]
¥ o € (aBz —q)

D’ — D
y+(x+:v—1 * x—a) v z(zx—1)(z —a)

y = 0, (1.1)

where D = %, {a, 8,7,0d,€,a,q} (a # 0,1) are parameters, generally complex
and arbitrary, linked by the Fuchsian constraint o + 3+ 1 =~ + § + €. This
equation has four regular singular points at {0, 1,a, 00}, with the exponents
of these singularities being respectively, {0,1 —~v}, {0,1 — 6}, {0,1 — €}, and
fo, 8},

The Heun differential equation (1.1) can be rewritten in the general form
PD?*y + QDy + Ry = 0, (1.2)

where P, (),R, are polynomial functions. Setting Dy = z, taking the derivative
of (1.2), subtracting the equation (1.2) multiplied by some function ¢ (x), we
obtain the differential equation of the form

PD*: + (P +Q — (2)P)Dz + (Q' + R — ¢(2)Q)z + (R — ¢(x)R)y(: 0),
1.3

where V' := DV. The condition which render (1.2) invariant under derivative
operation, i.e, allowing to write (1.3) in the form

PD*2 + QDz+ Rz =0, (1.4)

where P, Q, R being appropriate polynomials, are of great interest in the in-
vestigation of solutions of the Heun equation [6]. The suitable ansatz reads
= %. In this case, (1.2) reads

PD*z+ (P +Q — %P)Dz +(Q"+ R - %Q)z =0, (1.5)

where R(x) = xR’ + R(0) is a polynomial of degree 1 which can be written as

R(0)

R(x) = R'(x — ¢), with  ¢=— T

(1.6)

Therefore, P/R and Q/R have to be polynomials defining the singularities of
the equation (1.5). In general, such a transformation leads to more singular
points than in the initial equations. When the singular points coincide with
already existing ones, the number of singularities to that of the initial Heun
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equation increases by one . The derived equation can be transformed to Heun
equation (1.1) and the derivative of the solution to the initial Heun equation
can be expressed in terms of a solution to another Heun equation . This
property may lead to interesting series solutions to Heun equations in term of
hypergeometric functions. In [6], Ishkhanyan and Suominem investigate new
solutions of Heun general equation, using such properties. Unfortunately, their
result contain some misprints which have been corrected in the work [7].

This letter reports on relevant properties of solutions for general Heun dif-
ferential equation. After appropriate manipulation, the Heun equation (1.1)
can be cast in form (1.5) and the polynomial P,Q, R identified. For any
such transformed equation, the pole can be eliminated setting either R' = 0
or R(0) = 0. Then, the compatibility condition for (1.5) and (1.2) can yield
symmetry properties between original Heun equation and its derivative. To ex-
plicate such properties, let us denote Gn(a, q; «, 3,7, 9, €; ), the corresponding
solutions to GHE.

2 Symmetry Properties of Solutions to Gen-
eral Heun’s Differential Equation (GHE)

In this section, we examine the symmetry form of solutions of GHE and its
transform using the symmetry relations. To do this, we state the following:

Proposition 2.1 The following symmetry are verified for GHE:

(1) Dlz*Gn(a,0; e, 3,0,0, 6 x)] = [#¥Gn(a,0; 0 + 25, 8,6 + 1, € + 1; 7)),
s=s=0ors=s=1atx=0, ¢g=0;

(2) D[(‘T—l)ngL(a,O{/B;Q{,B, 075a €; l'—]_)] - [(x_l)s,gn(avaﬁa Q+WTJF€7/B777O7€+
s=8=0ors=s=1atx=1, ¢g=af;

(3) D[(x—a)*Gn(a,aap;a, B,7,6,0; z=1)] = [(x—a)* Gn(a, aaf; a4+, B, v+
Lo+ 1,02 —a)l,
s=s=0ors=s=1atxr=a, q=aaf;

t oo and af, no symmetry solution exist.

A d af Y y soluti '

where s and s' are exponents of the old and new equations respectively.
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Proof. From (1.1) and (1.4), we observe the followings:
P(z)=a(x—1)(z —a), Q(z)=7(z—1)(x—a)+dx(x —a)+ ex(x — 1),

Q) = (@ — )& — V(v +1) + (6 + Da(w - a) + (1 + alz - 1)

R(x) = (e+ )@= 1)+ (y+0)(x—a)+ (0 +)v+abr —q
_aB((x = 1)(x —a)y) + dz(r — a) + ex(z — 1)

Py (2.1)

Equation (1.1) has regular singularities x = 0, 1, a, co. Using (1.4), we obtain
a new equation having extra singularity given by x = aiﬁ. The extra singularity
coincides with the previous singularities of (1.1) when

(i)

(i) g=aB, v =1,
(iii) ¢ =aaB, z =a,
(iv) af =0, z = o0

leading to four cases to be examined.
Case (i): ¢ =0.

q=0,2=0,

Equations (1.1) and (1.4) for GHE reduce to

) € (afx)
+x—1 N a:—a)Dy * z(z —1)(z — a)

D’y + (

SRR

~ 0, (2.2)

and

v(z—1)(z—a)D*z+ ((x — D)z —a)y+ (6 + Da(z —a) + (1 +€)a(r —1)Dz
+(v2x —a—1)+ (§ + €)x — afx — (z = 1>Ej: — G)PY)DZ = 0. (2.3)

For symmetry to exist between the two equations we must have v = 0,
leading to the reduced equations

)
D2y + ( + —)Dy + oz

r—1 z-—a x(m—l)(m—a)yzo’ (24)

and

v(z— 1)z —a)D?*z+ ((§ + Da(z —a) + (1 +€)z(z —1)Dz
+((6 + €)x — afx)z =0, (2.5)
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giving rise to the symmetry transformations
¢q=0,v=0,0—0+1, e —e+1, af —d+e+af anda—>oz+%
or f — [+ %.

By application of Frobenius method to equations (2.4) and (2.5), we obtain
the first statement of the proposition.

Case(ii): ¢ = af.
Similarly at x = 1, we have ¢ = af reducing equations (1.1) and (1.4)

z(x—1)(z—a)D*y+(y(x—1)(z—a)+6x(z—a)+e(z—1)z)Dy+af(z— )y(— 0)
2.6
and
z(z —1)(z — a)D*2 + (1 +7)(x — 1)(z — a) + dx(x —a) + (1 +¢)(z — 1)z)Dz

+(y2z —a—1)+d(z —a) + afx — 5< 1)) =0. (2.7)

For symmetry to exist we must have § = 0, leading to the reduce equations

z(z—1)(z—a)D?y+ (y(z—1)(x —a) + e(xr — 1)2)Dy +aB(z — 1)y = 0, (2.8)
and

z(z—1)(z — a)D*z + (1 +7)(z — 1)(z —a) + (1 +€)(z — 1)z)D=
+(y2x —a—1)+afB(x —1))z =0, (2.9)

giving rise to the following transformation
qg=af, 0=0, vy —v+1, ¢ — e+1, aff — v+e+af and @ — OH—%E
or B — B+ VTJFE
By application of Frobenius method to equations (2.8) and (2.9), we obtain
the second statement of the proposition.

Case(iil); ¢ = aap.
In this case equations (1.1) and (1.4) reduces to

r(z—1)(x—a)D*y+(y(x—1)(z—a)+éx(z—a)+e(r—1)z)Dy+aB(z—a)y = 0,

(2.10
and
v(z = 1)z —a)D*z+ (1 +9)(x = )(z —a) + (1 + 0)z(z — a) + e(z — 1)z)Dz
+(ex +€e(z — 1) + afx — %)z:& (2.11)

For symmetry to exist we must have ¢ = 0, leading to the reduce equations

r(z—1)(x—a)D*y+ (y(z—1)(z—a)+éx(r—a))Dy+aB(zr—a)y =0, (2.12)
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and

z(z—1)(z—a)D*2+ (1 +7)(x — 1)(z —a) + (1 + 0)x(x — a))Dz

+(afx — M)z =0, (2.13)

r—a
giving rise to the following symmetry transformation
gq=aaf, e=0,vy —~v+1, 0 —0+1, af —y+0+af and a —
a+ VTEL‘S or f — [+ VTM.
By application of Frobenius method to equations (2.12) and (2.13), we obtain
the second statement of the proposition.

Case(iv); aff = 0. Following the same process as above no symmetry
relations exists at all.

3 Conclusion and Remarks

Symmetry properties were established for the general Heun’s equation. The
properties were established in terms of symmetry form solution derived by the
introduction of an arbitrary function ¢ (x), into the original equation leading to
perturbed equations.The resultant equation leads to the closed form solutions.
However, The symmetry closed forms discussed above are particular cases of
closed forms solutions. These cases arise from the symmetries of the equations.
The symmetry properties here does not give the general cases at all. The
genaral cases are currently being investigated.
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