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Ogit| " | dght| _ .
(2] (o] 5
fi = g, fn
Filz)|" | iz
{_azk ] J{ ou } J: (6)
. , (1) Euler
e 1— Tk = AlJ-"-H{zmlTjLz}ﬂ , (7)

N
Plze)= 2w, Pz e

oel' [ o¢
[azlj J[az}]= Je (8)

dzie 1 A Jdzie1 = dze A Jdzg, (9)
Hamimtonian ) s
[1~3], 7 ’
(n J , (1) Poisson . (1)
(Dh(z(t)).: zZ(t+ h) Poisson , Poisson
0 0 T
ozl J(zo)[_gfz—f))' = J(z(1)). (10)
[4] [5], J ,  Runge Kutta Poisson
J z . J(z)=-J'(z)
< 0 0Jir 0 Jri
IZ{—a’Z(Z—ZZJM(zH Lzl ) —az(l—zlmz)} = 0
i;jak: 17 ces, M, (11)
J(z) Poisson (D Poisson . ®:R™~ R" Poisson ,
Poisson
D(z)J(z) P(z) = J(Nz)), (12)
Runge_Kutta Poisson (12) (6.7
Poisson
1 Poisson
23] 0 - 23 z||0H/0z
z2| = z3 0 - 2z aH/azz S (13)
z3 - z2 oz 0 OH/0z3
H = sz%+ Zbijzgj: (b1z%+ bazs+ bazi+
(bi+ bun)zizo+ (biz+ ba)zizz+ (bu+ bn)zozs)* (14)
1 Casimir L = z%+ z%+ z%
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2% 0 W = Wy |z
2zl= |- ¥ 0 Wi || 22,
23 W - W 0 z3
W= (biz+ bsi)zi+ (bu+ bn)zo+ 2b3z3, Wo= (bu+ bau)zi+ (bn+ bxn)zz+ 2brzo,
Wi= (biz+ b3t)z3+ (brz+ bau)z2+ 2bixi® (13) dz/dt= S(z)z,z= (21 22,
23", S(z) .
dld%: (z/)Tz+ 77 = zTST(z)z+ zTS(z)z=
2'(S"(z)+ S(z))z= 0, (15)
Casimir L(z)= 2'z= zi+ 23+ zi= cons* (13) .
(13) Poisson
%= J(z) “H(z),J'(z) == J(2), (16)
, , Poisson (16)
u= Az, Poisson .
Darboux R . Poisson
T ou= Az 2= g(u) h(u):= H(g(u)), u = A(2)7
W = j(u) Wl u), (17)
jlu)= A(g(u)J(g(u)) M(g(u)), u Poisson : u= ANz,
u Z °
A A A
A(z)= | A An Ayl (18)
At An Az
A(z)J(z) Ni(z) = A
An A Ap|l| 0 -z3 2 An A Ay an an an
At An An|| z3 0 - zi|| Az An An| = |a2 a2 an|, (19)

Ay Apn A |- 22 z1 0 Az Ayn Ay

S

3 axn  an

(19)
an= (AsAp- ApAp)zi+ (AMiAs— AsAn)za+ (ApAn- AnAp)zs,  (20)
an= (AsAn- ApAxn)zi+ (AMiAn— AizAy)zo+ (AphAu- AnAxp)zs, (21)
a= (AsAn—- ApAzn)zi+ (AiAn— AizAs)zo+ (A M- AulAp)z;, (22)
an= (ApAn- AzAn)zi+ (A3Ay— AiAn)zo+ (AnAn—- ApAy)zs, (23)
an= (A3 An—- ApAxn)zi+ (MiAn— A My)zo+ (AnAy— Ay Axn)zs, (24)
an= (ABAnR- AnAxn)zi+ (A2An- A3 As)z2+ (A2 Asi— Az An)z2, (25)
asr= (AssAp- ApAp)zi+ (Mi1A— AszAp)zo+ (AnAn- Az Ap)zs,  (26)
an= (AnAn—- ApAxp)zi+ (As1An— AszAy)zo+ (A M- Az Axn)zs,  (27)
an= (A An- AR An)zi+ (M1An— A3 A31)z2+ (AR Asi— A31An)z3, (2X)

(20)~ (28) an= an= a3=0, ap=- azn, az=- a3, an=— ax' A
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an an am 0 1 0
ay ax axn|= (-1 0 0, (29)
asy  an axn 0 0 Q
1= (Ai3An— An2An)zi+ (AuAn—- A Ax)zo+ (A A - A Axn)zs, (30)
0= (A3An— An2Axn)zi+ (A A— A Asi)z2+ (AzAsi— AuAzn)zs, (31)
0= (M3An— MAoAs)zi+ ((AuAn— AxnAz)zo+ (ApA3i— Ay Ap)zs, (3R2)
(Ms(z)) = 0, M(z) , (1) Casimir ,
M(z)= L(z)= (V2)(z1+ 23+ z3), (33)
Ai(z):= z1, Aa(z)
= 200y - z3M, (34)
A(z):= arctan(z¥/ z2) (34) , (z1, z2, z3)
uil u?2
z1= ul, z2= J2L- u%cos(uz), 3= 2L - u%sin(uz), (3)
(13) ul u2
u/1 = }ZL — ui(bicos(uz) + bpsin(uz)) +
(1/2)(2L = ui)(ba+ b3)sin(2u2)+ bxn(2L — ui) cos(2u), (36)
wr= (ba+ bx)uicos(u2) + ( b3+ bn)uisin(uz) -
(biur+ IZL— u%(blzcos(u2)+ bizsin(u2))), (37)
A s Poisson .
0 0 1 0 0 0
0O 0 O0,|0 O 1f- (38)
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de
m- 2 21 = Lo e ) © 0= (o,
T e @ 0.5L/2 2 1]’
Ib, k)" € R , L= 1, L= /2~ %,13: J2+ —J% 1 0) = [O’ﬁ’[j ,
t> 0, , (39) ulr w2
(il_L;: Jh(uw), J = {_01 j, (40)
u= (ul, uz)T,
Mun oy = L u_%+ (2L - u%)cosz(uz)+ (2L - u%)sinz(uz)]
’ 2| It I2 I3 ’
Euler (40), Euler , Euler .
E«(t) = (zi(nh) + z5(nh)+ zi(nh))— (z1(0)+ z3(0)+ 2z3(0)) t = nh
t=0 . 1 Fuler (40) ut  t= [0,30] .
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Symplectic Structure of Poisson System
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Abstract: When the Poisson matrix of Poisson system is non constant, classical symplectic methods,
such as symplectic Runge_Kutta method, generating function method, cannot preserve the Poisson
structure. The non constant Poisson structure was transformed into the symplectic structure by the
nonlinear transform. Arbitrary order symplectic method was applied to the transformed Poisson sys-
tem. The Euler equation of the free rigid body problem was transformed into the symplectic structure
and computed by the mid point scheme. Numerical results show the effectiveness of the nonlinear
transform.

Key words: Poisson system; nonlinear transformation; symplectic method; rigid body problem



