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=Rk Dk Symplectic FERREZDET & &
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ESRINEE RPN S S5 WEE 7 EL 2 B
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1. F o

HIE DR TVIC & 3 HEH B EW DA &, Symplectic BfEAFLENEE L, #EH
D F b ot2hs, FNULUEICE DFEXBR L 72, F 728 Symplectic #fiEfEkicE
LTty 7LD XA B ETICRESL Lh 72, Lzh - T4 B #E Symplectic
BAERREISIICH ), LA LERMICT 7o —F35 & LICERICONL, 05
HpOEBLT LT ZLDBREL2EZ TA L, WEHRDOETIIIREAIC BT 5 IERE
HREX A FWISHRL TwL, $7, Lie £#d'5 2 5 Symplectic gt T /L3 X
LOIZOVWTHAERT S, 22T, EEFEXDTEXE

z2"(t,) = T exp [’/:n thH(t)]z”’(to)

(Z2C T I3ReMEFTE) &0, BB &Ry 5L,
exp (zXx)
EEIT B, ZHNIZKRDIIIE, BETRITZI LN TE S,
exp (tXu) = go (e Xn)"/n!
EEOMM £ 12 exp (tXu) 2EHSEIHE, KDL I2% 5,
exp (tXu)f = f+H{eXu, [} +{cXu e Xu, /1) /204

KEIT, T OEHREROEHD LECRRICBIT A7 A NFRICEMT 5,
2 . Duffing’s equation ~MEMA (= & 3#t Symplectic BENDIEEH

Duffing’s equation® I RN Lk Hic 5z 55,

i+kx+x®=b-cost (2-1)
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k=b=0nk% (5 Mg, TANX—REFERI) LD, ~NILb=Tid

2 4
H=<5+0 (v=12) (2-2)

R TE 5, £2 T Lie %> T, (2-2) % Lie operator * L, x,y 2%, IE
LRI ZF N FNMEH 2+ Symplectic 51& % 8%, 175l THRT &

! 1— 2.2
)=
y — X 1\y
%, ZHUE, 1 ROBET, ZOMAEZERIZ BT Symplecticity # #5505 & %
1o T2, b2 )RFT T o020 Xy 2 FDL 51T, Z oo TEREITH,

2 4

_ Yy X _
S = 5ty (2-4)
D= —ky+b-cost (2-5)

72720, D 13, BURIHTH » T, MEREDRTCEFED, L72h - CEEEIATHE ¢ %
HNT 2 EHEEFRLRCEF OB LD D, FDHEETHE v i (2-6) LIz
5, BBEXZDHMOBEN 2 KBAT L L0 TE B,

x\  [1-7%% 1 x .
<y') N ( —x? 1>(y~r(ky*b-cos t)) (2-6)

ZNDEVIZLT, BBERIZEIT S 1 ROBENT LT X 2% Symplectic Bl E# 15
IEY 5 Z 8L Dz, ZoHELRIRIDH & [, #t Symplectic #E## i (Pseudo-

Symplectic numerical solution) &If3:, ROEITIX, Z Z TEWI2 1 RO FHE %
179,

3. 1:kMD#E Symplectic ¥E#E £
¥, FUL 1ROEETH S Euler & D|BENETH 59, Euler #12 k 2 BI4T
F i,

x 1 4 x

2 y

v —Tx
L0, FofFIRI 1—k+i%i+ r2x® L\ fHIC % 20T, $E Symplectic Hff#
RE PP IZITES, INIZITBYINEBEICLBZLDT, APTOI R NLF—RINOERE &
LGB DEMLRTIE, AL EATEL VY, 22 TlE, 6k Runge-Kutta #9058
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PEAELREVWL D E LT, 1:XkD#E Symplectic BUlfFE D HEGHIE 21T . BOZEE)
* Rl IC EEE T & %5 Poincare B L » TEWAICHFHMMA L TA 5 &, Y r/¥=—X
757 29 b B Duffing's equation 12B1F 2 A4 T 4 v 7GR FODIBETE
2. 1k Symplectic BUERED AN AL ENE L LT R S 2 FHN S 726 6 KD Runge-
Kutta =&, &< 5 v—3E L Ty 54 Poincare Bi&C & » TEHli 24T - 72, £ DFER,
A& A AINE LTI, EHAIZIE Runge-Kutta £ & 13T T 2 2 L hvbh 72, AL
DB DD, B —HIIEDH L D, BORBIIEE RN SI2E 2O LB
Symplectic —KNEET LT ) ZLTH5EEZ b, KIZ, BROEBELZE 2O Dk
1T,

4 . BRO#E: Symplectic ¥iEME%

Symplectic ¥fEffiks & $EHE L 72 Bk Ot Sympletic UEIREN T )L 371 X% KRIZ
#7 b. ko Symplectic ¥fEif#iEl3, BCH oo c&RE N hEEL, fHEEEE
BRF iz ko TEMZIT> T3, (2°6) RTRL 72 1 ROBEDTIIRAZ, KD
TN X2z k- THEEBRZ LN,

y =v+rD

= o)

X y 3 8x x=x <4A1)
. oH

X —x+r< 8y>

%72, 2:ko Symplecic #iE (x,y)—(x,y) &

=5 ()
=)

x =x*+ (%ﬁ) ~

2L 2B TH 2 5N 2 EX BRI DA - T 59, 2 Zh 5 2 Rt Symplectic ik %
B ziE, (2-6) DR LML Y, BIRHOTAZEERADIRTF £ FBIC L TA
B, 2D Z XTI OMES — R FE T & % 57260 T, D F ) (2-6) 125> T Symplectic
AT ORI (o,y) 1ZBGRITY] & FE A & 2720 (4-1) TiE (x,y) 27 (x,y) 12 % B HBITIZ K
BIENEBAE51T-> Twb, L72h =T, 2:KDO#E Symplectic ##i%13
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x —x+‘<8y>yy

y =y+D

. —r(aH> (4-2)
y y ox

E— BH)

x = +2 2y ey

TH BT EHRIIHER L 72, (2 3) 13, (x,3) ERALZHEDBEZROBRTH ), x*
iZ, Symplectic L2 BT 5, BRM#IAD 2 RDEHE THEUT 20 0HEEHR TS 5,
2%, BEBBRTHE § &, x* I, HBBGREY w2z, § i3, EORDL

JRfBIC AT EIch B, (4-2) Rix, #E Symplectic BIEMRFEOEAW LT INT) X
LEERLNBZLDTH - THREB L LDOTIT R D%, FEEEICO 4K, 6 RDHEE Symplectic
MR L HEIT B, F72, R R T 5 2OBRBENENC 1 REN L EmROBEEE
AT 2D, 72771 2:KIZAE Euler i, 3:kiz Kutta 2R, 4°:Kix Runge-Kutta i
9, 22 F TEBF 2 C, Symplectic #fEfEE 1, 2, 4, 6:K& 1EBENEERE
1, 2, 3, 4:XREDEMICE ZERDOHE Symplectic FfEfEE % SIXKIZ & - TEFHli§
2,2 =75 Symplectic TH 2 2K & BURITE 2 ROMAE DL 51, “S2_D2” L KTFT 5,

5. SIEREIZ & 3 @ROBEEDFFE

Duffing’s equation (2-1) RiIZB W T, EHFRED 2B 2HENOTER %2 TRT,
=2 T4 6k Runge-Kutta 3% DA R BWind L CEHEi %47 ). 7, #t Symplectic
2 RNMEETH A (Fig. 1), S2_D2 (3, Runge-Kutta i & HET 5 & BEAE UL 7~
F AR, F A AT TR 5 bOfEE, 1JTEUL T B L HITAZI S,
LaL, bA2.0253.0(HETRLNEEAMAA v F> 78R (AE»DDEIZL->T
B ELL, PERTOBBE LEFFETA L7 0y T B) AR SO
D) REETH 5.S2_D3 BLUS2_D4 i3, #+ AHBDIEE 5 b DfEA* Runge-Kutta
EICH~NBES 22, T TWw5b, # Symplectic 4 ROEETH 5%, #t Symplectic 2
RICHNTEEIIC BV 9 7205, —FiEPA R S4_D2 T b = 8.0 ffii»> & Runge-
Kutta i & i, &5 f% & - T <. # Sympletic 6 KDHAIE, S HITELAI R T -
TWwbd, 22Th, 2Kk, 4XkEERCBEEICER Euler %2 -72 S6_D2 2R\,
4fAH912, Symplectic I 23K, 4K, 6Kk& EIF2 ZEISEBA R & 55%, BURIEIC
AT 2 1 BkaEIc L T, 2 K0MEETH HWE Euler IAER L W2 5,

6 . BLRIEAYHEM LHS O
Duffing’s equation k V) 8RB EH LA BEL IR+ - T, S 56(2
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# Symplectic BfEf#E %Sk d 5, = Z Ti3,

X+(h—y-x)x%+x*=b-cost
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Fig. 2

HFERYE 5. LRI KNIZ 3BT, Runge-Kutta 3 & # Symplectic f#ENH TH
LERNTH -72S6_D2 & THET % (Fig. 2), X% Symplectic H & BGHEIC T 5 &

_ % xt _
S =5+ (6-1)
D= —(h—yx¥)-%+b-cost (6-2)

L7, (6-1) Riz Duffing’s equation DFNERUETHB, 22T, h=01, y=01
Y45, Fig 2 b bbb L id, FENBE L 2 OBEIEERL T\ 545 B H 4 25
BT, ETLEE LI, 7295, BORHDEEEEE L THR Euler #% & 51218
ETHHATEZTNITEEE ),

7. % %

¥t Symplectic BfEfEEDEAIEIE & FRE, FTHEUNRELZHTA2ZETHE, £D
72D, RN ETH IR CIEPL24T2 5, Lo L 8t Symplectic #fEf##% % Lyapunov
IO HiE)» NS Lyapunov RIGV % - TEFDOEMER A5 &, 2 NEMIETS D, &
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5 < MBI 70 o 726 Lyapunov 8B DIEKOH: ) 255w < - T B 7z 72 & bt
%, 4R, EROHE Symplectic BEMEEAEIIH2-T, NINLE =T ¥ EHURE
T TENFNDREE BT TERT 2 Hik24T- 725, BORHOE D & 1 Bk
TR E 727 EIFTHIFIERCE VI L TL %L, 2:RNOUE Euler ioiElA —FR
hro 722k hY, #E Symplectic BERRKDORFEHELO TN IC b E bbb, £72, 22
TIERE %H - 7245, Poincare 70 v b & ) L3 ERICBWT—KT 2557 %2 25
LEBRIE G, 72720, 6. Tl 72hy, BUREHAEEIC iU 213 U EC T S 2
B, Lo & REMICEUOBEEZFEL LT b v, 2O L) LRERAHZZIRE &
LT#z2 51L5DE, Symplectic BUEMERIZITHUI D &AL E L 34w, DF ) HFERK
HEGDT2HIZ, EHE 7 0 o P DRI TIE vy, 1 BGEEIEIE R R R
PI—ETH B 72OHHMIT F D 3. 72 DOEED G TIHEREE X 2 B RN#E Symplectic ¥
EfREEI BT 20w FEREND, $72, ZOMLTIE, 6 KDHRunge-Kutta & % HE DK
Ry L72hY, ZORBEEEAS—E ISR T E v ze, Gl E R EATEEN T L 2 %
WV, L722Ai - THE, B HELEBEATNETHS ).

8. faER & BRE

ZZTOREIE, 1:kO#E Symplectic BUEMFENT LT AL EHL L 722 &, o7k
Kz BT, BEko#E Symplectic #ERE2EC T2 2B7228, »FETHS, &
B L TlE, BROBENEGRII LMD 5 OB, BERHIEBITY 5726, HERILN
B EEORHHET 2, X Thb, 72, Symplectic REFENDT LT A L4iL, 135D
BAHETEER A F 22 BT 2EE L SICIBHTE 2 RESEC 2, TNLDORARELE
ZHilbh,
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The introduction of higher order Pseudo-symplectic
algorithm in nonlinear oscillation systems

Kazuo IsHil, Hironori SHIMOYAMA and Naoya SHIRAHAMA
Department of Applied Physics,
Faculty of Science,
Okayama University of Science,
Ridai-cho 1-1, Okayama 700, Japan
(Received October 7, 1996)

In this paper, we obtain the algorithm of fundamental Pseudo-symplectic numerical
solution which is modified the Symplectic solutions in dissipative systems, and imply
the higher order Pseudo-symplectic solutions with considering oscillation systems.
That consists of symplectic terms and dissipative terms. And, it is known that the
higher order Symplectic numerical solutions exist. Therefore, it is easy to lead to the
higher order Pseudo-symplectic solutions on symplectic part. However, that is incor-
rect as it is. Accordingly, we apply to the second order Euler method on its dissipative
part. This method is more effective as higher order solutions on bifurcation diagram.



