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Pseudospherical Euler-Poisson equation

The integrable Kowalevski case in a non-Euclidean space is a
pseudospherical Euler-Poisson equation [2]

v = (gm) x O 4 (g7) x o2 A= (gy) x o

@ m = (my, mg, m3) is an angular momentum;
@ v = (71,72,73) is unit vector of the axis of symmetry;
o g =diag(1,1,—k?) is a diagonal matrix;

o k?is a non-Euclidean parameter.

| \

Hamiltonian

H=_(m?+mi—2k*m2) — by
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Poisson structure

0 k2m3 my 0 k273 Y2

—k2m3 0 —mi —kz’)fg 0 -7
. — —my mi 0 —72 Y1 0
" 0 k273 Y2 0 0 0
—kz’)/g 0 -7 0 0 0
—7e gl 0 0 0 O
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Casimir functions
o C =7+ — ks
o L =mv + mays — k2msys.

| A

Additional integral
An additional integral F coincides with Kowalevski classic integral [1]

2

2 2 2
miy—m
F= (Q T bl’)/1> T (mlmg T bl’}/g)z .
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Variables of Kowalevski
With Kowalevski [1] we introduce variables

X1 =mq +1imay, Xg=my —1imy

and polynomials

1
R = kz[—zxf + hx? + 20byx; + cb? — f],

1 1
R = —E[Rl a4 Rz == Zk2<x% — xg)z]

Here c,/, h, f are constants of Casimir functions C, L, Hamiltonian H
and additional integral F.
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The variables of separation

The variables of separation define by formulas

_R-JRR, R+ VRR;

S1 = S .
P (e —xp)? 27 (01 — x2)2

The basic equation
S(x1,x2,8) = (x1 — x2)%s> — 2Rs — G = 0,
here

G = BBl —  1p4(cb? — f+ 20byx1 + h2)(x1 + %2)%—

= olnE =

— 1k (4htby — 2x20b1) (21 + x3) — B4 (203,

The variables of separation are commute: {s;,s2} = 0 !l!
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The useful expressions

98\ 2 08 \* 08 \*

s 0x1

Here

¢(s) — the resolvent of Euler for the polynomial R(x)
@(8) = g3 = hEk2g2 + %k4(2Cb% + 2h2 2/:)8 + %kﬁézb%

R(x) = x* — 4hx? — 8(byx — 4cb? + 4f.

Then

B & &
VRi  VR: \/2¢(s1)

X1 I X2 S2
VRBi  VR:  \/2¢(s3)
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The Identity

g c 2 S 2 2 -2

X1 X9 X1X2 (Ry — x7)(Ra — x3) _
(1 — = .

(\/R1 i \/Rz) ( - ) £

Then
The basic relations

xiz —Rip— %kz(xl - x2)2§1,2 =0,

jClxz —R— %kzh(xl — X2)2 = 0,
51’2 = %(m% — m%) S bl"}/l == i[mlmg = bl’)/g],

F=&§ -6&=1,

R = %(Sl + Sz)(Xl — .’)Cg)z, \/Rle = %(82 — 81)(X1 — .’)Cg)z
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The Substitution

_H |
I

( X1 X2 ) P(s15)
VR VR, (2 —81)%’
P(s) = (2s + k%h)% — E*f.

The system of separation equations for integrable Kowalevski case in a

non-Euclidean space

(51— 82)%51 = 200(51)P(s1),
(51— 52)%85 = 2¢(52)P(s2).
Here ¢(s) and P(s) are the polynomials
1
o(s) = s* + k*hs® + §k‘*(:Zcbi + 2h% — 2f)s + kﬁegbf,
P(s) = (2s + k*h)® — E'f.

Thus integration reduce to the hyperelliptic quadrature.

Pavel E. Ryabov, Sergei V. Sokolov Separation of variables for integrable case of the Kowalevski top...



The plan of the further research

@ The discriminant set and the bifurcation diagram;

e Parametrization of integral manifolds: Algebraic solution and real
separation of variables;

@ Phase topology of the integrable Kowalevski case in a
non-Euclidean space.
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Thank you very much
for your attention!
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