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ON A PROPERTY OF DIFFERENTIAL EQUATIONS
INTEGRABLE USING MEROMORPHIC
DOUBLE-PERIODIC FUNCTIONS

Michel Petrovitch

Given a general type of differential equations

(1) Fly,y',y",- ., y®) =0
of an arbitrary order, which does not contain z explicitly, one can propose to
specify differential equations which belong to such type and that can be satisfied
by meromorphic double-periodic functions. Here, I indicate a property of such
equations which simplifies the given problem, without study in depth and which
translates into a very simple and practical rule.

Suppose the equation is written as

=S8
(2) Z Piy"miy’ml’i y//mgi o y(p)mm _ 0,
=1

where the m's are nonnegative integers, the P/s are some constants and such that
one cannot have at the same time,

Moi = Mog, M1y = Mij, ..., Mpj="Mypj

for two different indexes ¢ and j.
Let us consider the 2s nonnegative integers

M; = mo; +ma; + -+ + mpi,
3) e i .
Nz =my; + 2m21 + +pmpz~

We draw in a plane two axes, that of the M’s and the N’s, and indicate the s
points (M;, N;) such that their indexes are carefully written next to each of them.
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If two or several of them coincide, then we will write next to such a point the
indexes of all the points that coincide there.

We construct the polygonal line II which is concave to OM, such that all
the points (M;, N;) lie in its interior or on its boundary and is closed by lines,
perpendicular to ON in the case that there are no vertices on that axis. Let

Yoi = Mg + Mg + -+ -+ My,
V1i = Maj + M3i + -+ + My,

(4)

and
(5) Ay = XA =) (A=2)72 (A —p+ 1)Tei
where A is an arbitrary number.

It can happen that the polygonal line II has one or several vertices in which
two or several points (M;, N;) coincide. Such vertices are called multiple vertices.

Consider such a multiple vertex and let ag,as,...,a, be the indexes of the
terms of F' which coincide there.

Let
(6) Ag, Py + Aay Pay + -+ + Aa, Fa,, = 0;

which will be an equation in A, of the form
A N a4+ b a A+ a, =0,

and will be called the equation in X\ relative to the multiple vertex (a1, aq, ..., ).
Each multiple vertex corresponds to an equation in A, defined by (6).

It is possible that the differential equation (1) has meromorphic double-periodic
integrals. In such a case, it has the following properties:

I. The polygonal line 11 has at least an edge with a negative integer angular
coefficient or it has at least a multiple vertex such that its equation in A has one or
several negative integers root(s), that are between the values of the angular coeffi-
cients of the two edges that form the multiple vertex.

Since a meromorphic double-periodic function cannot be holomorphic on the
whole plane, in a neighborhood of a pole x = a, it can be written as

(7) y=(z—a)"f(x),

where 1 is a negative integer and f(x) is a holomorphic function in a neighborhood
of x = a, which does not vanish at that point. On the other hand, I proved
previously (Ph.D thesis) the following result: If 4 has a determined value so that
y, defined in (7), can satisfy the differential equation (1), then p must be either
one of the angular coefficients of the edges of the polygonal line II, corresponding
to the polygone F, or y satisfies one of the equations in \, relative to a multiple

ITranslators’ note: should be “the polynomial F”.
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vertex of Il and p is between the angular coefficients of the two edges that form
that multiple vertex.
The proposition I follows immediately.

I1. For all rational fractions R(y) in y, the transform
(8) B(z,2,2",...,2P) =0
of F =0 at z = R(y) has the properties, given in the proposition 1.

Since y is a meromorphic double-periodic function, so is z.

Notice at the same time that, if the conditions I are not satisfied by a transform
(8) corresponding to a rational fraction R(y), having more than two distinct poles,
then the equation F' = 0 does not have any meromorphic integral. Since the equation
® = 0 does not satisfy the conditions I, its integral z, which is also meromorphic
if y is, will not become infinite for any value of . Consequently, if a,b and c are
three distinct poles of R(y) in y, then three following conditions

y—a=0, y—b=0, y—c=0

do not have any finite roots. It follows from the Theorem of M. PICARD, that the
integral y, (supposed to be meromorphic), is a constant.

II1. If we form a rational combination

Ry, vy, .,y D)

of y and its successive derivatives, such that the transform

9) U(z, 2, 2",...,29)=0

of F=0 to

(10) 2= R(y.y.y" ...y ?)

does not satisfy the conditions of Proposition 1, then the equation
(11) Ry, v, y",...,y'?) = constant,

plays the role of a first integral for the double-periodic meromorphic integrals of the
equation F' = 0 in the sense that any integral of such nature satisfies at the same
time the equation R = constant.

To prove the Proposition, it is sufficient to observe that y is meromorphic
double periodic and z as well. Such a function does not have poles, thus reduces
to a constant.

The consideration of the polygonal line II and the corresponding equations in A
thus provides means of creating the first integrals on meromorphic double-periodic
integrals to the given differential equation. Once these first integrals are known,
the search for integrals in question is reduced to those common solutions to the
two given differential equations, that we will do by differentiations and elimination
of the successive derivatives of y. If p > ¢, we will differentiate the equation
R = constant with respect to x (p — q) times. By eliminating y®) from
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dP~9R
(2) dxP—4 -
we obtain the equation (3) of order less than p, having all common solutions of (1)
and (2). By operating on (2) and (3) as on (1) and (2), we will replace one of the
equations by another of a lower order and so on. We get a sequence

(A) (1),(2),(3), ..., (m —2), (m — 1), (m), ...

of differential equations. If the equation F' = 0 actually admits meromorphic double
periodic integrals not reducing to constants, we can always choose the constant in
the first integral R = constant so that the equations of the sequence (A) starting
from a certain rank m reduce to identities. Any common integral to F' = 0 and
R = constant is then an integral of the equation (m—1). For F' = 0 to have a double
periodic meromorphic integral, it is necessary and sufficient that the equation m—1
admits double periodic meromorphic integrals and that among these integrals there
are some that satisfy F' = 0. The search for integrals of this kind is thus reduced
to an equation of a lower order.

In particular, if the equation m—1 contains only y and 3/, this search is obtained
easily by the BRIOT and BOUQUET method.

These propositions make it possible in a large number of cases to simplify the
search for conditions for a given type of differential equations to admit double
periodic meromorphic integrals.

Notice that the polygonal line of the equation

Py") = Q(y),

where P and () are polynomials of degree m and n, respectively, can contain only
one edge with the negative angular coefficient and this coefficient is equal to

7

2m

n—m’
It is straightforward to see that the equation can only admit meromorphic double
periodic integrals if n is of the form

2m
n=m-+ o
where k is a divisor of 2m. For example, it is satisfied if m =1,n =2orm =1,n =
3, the coefficients of the polynomials P and @) are arbitrary; or if m = 2,;n = 4
or m = 2,n = 6, and the coefficients of the polynomials P and @ being suitably
selected, etc.
In general, in order for the equation

P(y®) = Q(y),
to admit integrals in question, n must be of the form
_ pm
n=m-+ i

where k is a divisor of mp.
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Notice also that the polygonal line of the equation
P(y") = Qy)y

has a single angular coefficient and it is equal to

mp — 1
n+l-—m
We see that the existence of a meromorphic double periodic integral requires that
mp— 1
n=m-—1+ ,
k

where k is a divisor of mp — 1. It will actually be integrated in such functions for
example if the coefficients of P and @ are arbitrary and p =3, m =1, n =1 or
n = 2, etc.

Considering equations of BRIOT and BOUQUET

F(y,y') =0,

for such an equation to be integrated through a meromorphic double periodic in-
tegral, its polygonal line must have at least an edge whose angular coefficient is
a negative integer and at least one angular coefficient which is a positive integer
and there are no edges whose angular coefficients are fractions. This proposition
often greatly simplifies the question of specifying the equations, belonging to the
general type of equations that can admit integrals of the kind considered. It results
immediately on the one hand from the fact that a meromorphic double periodic
function can not remain holomorphic in the whole plane and must vanish for an un-
limited number of = values. On the other hand it is a consequence of the following
proposition, that we demonstrated in an earlier work: let y be defined by

y = (z—a)f(2),

where f is a holomorphic function in a neighborhood z = a that does not vanish
for this value of x; for y to satisfy the equation

F(y,y") =0,

it is necessary and sufficient that u is equal to an angular coefficient of an edge of
the polygonal line corresponding to the considered differential equation.

Notice also that, from the same proposition, it follows that for a BROIT and
BOUQUET irreducible equation to be integrated by meromorphic functions in gen-
eral, it is necessary that the polygonal line of the equation does not have any edge
with fractional angular coefficient and it has at least one edge whose angular coef-
ficient is different from zero. For if it were not so, the equation which cannot be
integrated by other meromorphic functions except by rational or simply periodic
functions and which can neither vanish nor be infinite for any value of z, would be
reduced to a constant or one or several functions of the form:

Heax
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In the latter case, the first member of the equation would be decomposable into
factors of the form:

y+ay
where a is a constant.

Moreover, if these necessary conditions for the existence of meromorphic in-
tegrals are fulfilled for the given equation, but that the polygonal line does not
admit any edge with negative angular coefficient or any edge with positive angular
coeflicient, one easily ensures whether or not the equation admits meromorphic
integrals. For in this case, the integral can only be rational or simply periodic, it
can not, in the first case, have poles and in the second case zeros. Therefore, in
the first case, it would be reduced to a polynomial in x or in e and in the second
case, it is the transform of the equation given in % which must be reduced to such
a polynomial and one easily completes the question by determining the degree and
the coefficients of such a polynomial by the method of indeterminate coefficients.
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O JEJHOM CBOJCTBY JMNPEPEHIINJAJTHNX

JEAHAYMHA KOJE CE UHTEPTAJIE IIOMOTLY

MEPOMOP®PHUNX JTBOJAKO-ITEPNOJNYHUX
OYHKIINJA

PE3UME. Pasmarpajy ce nudepeHnujajine jeIHAYMHE IPOU3BOJHHOI PEJIA OIl-
mrer o0JIMKa Koje He 3aBHCe eKCITHIIMTHO O He3aBUCHe IpoMensbuBe. Vcnuryjy ce
YCJIOBH TIOJ] KOjJIMA TAKBE jeTHAYNHE UMA]y PEIIehe Y ODJINKY TBOjaKO-TIEPUOITIHIX
MepoMopdHIX PyHKIH]A.

Taxse HekoHCTaHTHE (DYHKIMje 00aBE3HO NMajy Oap jeqaH 1101, YUju je pej| HeKn
npupojial 6poj p. JudepennujaaHuM jeHaUInHAMA Ce JOJEJbYje TOJUTOHAJTHA JIU-
auja II, uuja je cBojcTBA M3yvyaBao ayTop paHUje y CBOjOj JTOKTOPCKO]j JIMCEPTAIIH)HU.
Temena mosmrona mMory 6utu nmpocrta win BumecTpyka. CBaKOM BUIECTPYKOM Te-
MEHY Ce JIofle/byje KapaKTePUCTHUYHM HOJMHOM. AKO audepeHlnjaaHa jeIHaInHa
UMa pelierne y 00JUKY JBOjaKOo-TIepuoimdHe MepoMopdHe DyHKIHje, OHJIA HeH IT0-
sinroH I uma ciiesrehe cBOjCTBO: MMa MBUILY YMjU je yraOHHU KOeUIMjEeHT HEraTUBHU
nesu Opoj — (4 MM UMa BUIIIECTPYKO TeMe, TaKO Ja KAPAKTEPUCTUIHH ITOJIMHOM TOT
TeMeHa nMa 0ap jeJaH IeI00pOjHI KOPEeH — [ KOju ce Hajia3u u3Mely yraoHux Koe-
durnmjeHara UBUIA KOje Ce CYCTUIy Y TOM TEMEHYy.
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