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Plot3D[v[x,y]l, {x, -3, 3}, {y. -3, 3},

BoxRatios -> {1, 1, 2},
AxesLabel -> {x, y, z}]
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Plot3p{v [x, v], {x, -1.5, 1.5}, {y, -1.5, 1.5},
PlotPoints -> (30, 30},
PlotRange -> {-1, 1/6),
ClipFill ~> None,
AxesLabel -> {x, y, 2})]
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ContourPlot(v[x,y], {x, -1.5, 1.5}, {y, -1.5, 1.5},
ContourLevels->20, PlotPoints->40,
AxesLabel -> {x, y, z}]
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Mcstepif_, x_, p_, {x0_, p0_}, dt_] :=
Block[{kl, k2, xx, pp}.,

k1l = N{f /. Thread[x -> x0] };

xx = x0 + &t (p0 + 0.5 dt ki);

k2 = N[f /. Thread[x -> xx] 1;

pp = pO + 0.5 dt' (k1 + k2);

{xx, pp)
1
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Moncrief[f List, x_List, p_List, x0_List,
p0_List, {tl_, dt_}] :=
Block[{mon},
mon = NestList[ MCStepl £, x, p, #, N[dt] ] &,
Ni{{x0, p0}], Round[N[tl/dt]] 1 /;
Length(f] == Length[x] == Length[p]
== Length{x0] == Length[pQ]l;
Map [Flatten[#, 1] &, mon]
1
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BeginPackage [ "Moncrief "]

Moncrief::usage ="Moncrief[{fl,£2,..},{x1,x2,..},
(p1,p2,..}, {x10,x20,..}, {p1l0,p20,..}, {tl,dt}]
numerically integrates, using Moncrief method,
where £j's are forces as function of the
configrations xj's, and pj's are momentums, with
initial values {(x10,x20,..} and {pl0,p20,..}.

The integration proceeds in step of dtfrom 0 to tO.
Moncrief returns a list of cordinates
{x1,x2,..,p1,p2,.}. So drawing graphics need

some cares, as following sample

Samples fl = -x1, f2 = -2x2
(2dim harmonic oscillator}).
Mon = Moncrief[{-x1, -2 x2}, {x1, x2},{pl, p2},
{2, 5}, {3, 4}, {8, 0.1})
position = Map[Flatten[#, 1] &, Mon]
ghow [Graphics[{Pointsize[0.02],
Point [Part [First{tl, {1, 3}]1,
Line[Map[Part([#, (1, 3}] &,
position]l} 1,
Axes->Automatic],

where Point draws an initial point and (1, 3}
in Show[Graphics....] indicates a set of
components of phase point (x1,%2,..pl,p2..),
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where (x1,x2,..p1,p2..) is identified with
{1:2,,,s4.2n},
Begin[" Private'"]
MCstepif_, x_, p_, {x0_, p0_}, dt_] :=
Block[{kl, k2, xx, pp}.
k1 = N[f /. Thread[x -> x01 1;
xx = x0 + dt (p0 + 0.5 At kl1);
k2 = N[f /. Thread[x -»> xx] 1;
PP = PO + 0.5 &t (k1 + k2);
{xx, pp}
1
Moncrief[f List, x_List, p_List, x0_List, p0_List,
{(t1_, 4t 31 :=
Block[{mon},
mon = NestList[ MCstep[ f, x, p, #, N[dt] ] &,
N{{x0, p0}], Round[N[tl/dt]] ] /;
Length[f] == Length{x] == Length[p]
== Length[x0} == Length[p0];

MapiFlatten[#, 1] &, mon]
1

End[]
EndPackage[]
Z Dy 7 — % Mathematica D X & ) 20
— F 93 % 121X Mathematica ¥ v ¥ 3 > T
{(Moncrief. m E AFTHITL v, 2D Sy &
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ZEBTE B, 8% %I ? Mon-
crief # Z{T T i 5 %5, % B Macintosh %
NeXT ¢t Mathematica DR CHEBENE
VEFECRS [ BOMICBEIL T, AR AT
—PF—FEREROLrb5Icy, 2w FReMk
BENME <, B 21F. Plot ®# T command-K
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Plot 0 # T command-L # A+ 23 5> 7
L — b 23@ &. Plot[f {x,xmin,xmax}]®
£ 3 S EIFRPIE T & 2o
X T Henon-Heiles & 7 )L D B{ESE 2k O
EORfT>THALI,
t = Moncrief[{-(x1 + 2 x1 x2), -(x2 + x142 - x%242)),
: {x1, x2), {pl, p2}, (0.5, 0}, (0.1, 0),
{30, 0.1}]
tt = Moncrief[{-(x1l + 2 x1 x2), -(x2 + x142 - x2+2)},
{x1, x2)}, {pi, p2}, (0.51, 0}, {0, 0},
{30, 0.1}]
Show [Graphics3D[{ Line[Map[Part[#, {1,2, 3}]1 &, t]}.,

Pointsize[0.02],
Point [Part{Last[t], {1, 2, 3}]1],

Point [Part{Bast(tt], {1, 2, 3}1],

GrayLevel[0.6],

Point [Part[First[t], {1, 2, 3}]],

PointPart[First[tt], {1, 2, 3}11,

Line[Map[Part(#, (1,2, 3}] &, tt]]
3]

AxesLabel -> {x1, x2, pl},
Axes -> Automatic]
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DEGtBLUttIcHLTMap [ ] wkoT
#HARAD Line [ ] BRI & - TH AR ER
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TROPEDOHFE R KM, BE S 2 EAL TR
LTH2%, Part [ ] BV R MOEZOHS %
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5, D& D ITIIERSVIEAZM SN KTE
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Hb, WERMWUZITERNEZ D & 5 BEERHN
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SNV YNERCBOTHEERES LA 2 2
7o & T EBEME 1T BT Poincard |2 & - TS X
NTWwizM% Hénon-Heiles 12 & - C#HI® T
B RENTDTH > 7, HL.,
Kolmogorov-Arnold-Moser @ @HM» R L T
WE XS WIEREICY A A 2 bT-b 3Rk
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Ulam 0EBRCR A4 A BRI 53, F0OEE
IEANVF - DERSIERENR P> 1DTH
%,
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OEEZETVELTESEMEHEL 2RO
Lorenz AR L2 FHARTH L I, T I Told
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DIXHMEMNETFERIT 5HTHI. ZDH
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%=6(y—x)

ay_ _ _
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%%zxy—bz.
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(Bf) & (0.5,
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TEEELR AN, IOk EHERERLHEEC
BE0, HowIHEE., HAPERERE
TRWT M 2755 &FREND, ZOKRT
PREDON T -2 v I ESEERES TRO X
SRLTHEHNRTCH D, W T -9 DRy YT
— U 3B iz Mathematica 2B I N T W5 M,
TR b DERAVWL Y, BT TE
o=sk$ 5,

<<Runge.m

8 =3; b =1; r = 26.5;

t = Rungel[{s(y - X), X 2 + r x - ¥, Xy - b 2},
{x, ¥y, z}, 0, 1, 0}, (20, 0.04} 1

show[Graphics3D[{ Pointgize[0.02], Point[Last(tl],
Linelt],
GrayLevel[0.6], Point[First[t]]
31,
AxesLabel -> {"x", "y", "z"},
Axes->Automatic]

Md4anrsod»dkdic, KRLOGHSENE
(0,1,0) »>HFELIBERX 2 DOTREETE -
A(x/o(r=1), £/b(r-D,7y-1)DE b %
THIZEh %, BEREENLTRLTH S, Z




300 IR FI% & BUERTE

DB IR & & b SBicy — MROT v 5
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7 a vz ViewPoint— >{0.1,—2.4,2} % il .
THEERDaA~ Y FE2ANLTESNLDE
4D 5 bR AP E, T7 4+ O View-
Point 13{1.3, —24, 2} TH 3, ZD LS ES
NieA 7Yz P RAELMILELTRD 3

4 a FT7x0NF0 Lorenz FNDFER

4. BEROSR

AFAEI BEREE I Fo—RkitE#R
ZRIII— 12w TO Li-Yorke™
X DB, & —ZELNDE X 3Kk oTz, B
WEAE—RICEHIZ May™ iz L > CH~R
7 ZKHM[01) EOROE#HRTH 5, &2 T/H7
A—Falxld»odETELLTE S,

fo(x)=4ax(1—x)

COEBROD DR D o RIESHRT 5 ¢
IR/ BN B EE(x,fa(x), 7300), F3(x0), ) X B
EFRLEHRORB b L bET, I 57 A
KBET2L5CRZ %, ROX ST LT
U 72808 E o & P U -8B s RAE Bl & 2
WEDEIWEETE20ERTAL D,

flx_.] :=r x (1 - x);

EREPEHBWCELIENTE S Z X Math-
ematica OMBH TR ERFETH 5.

Show([Graphics3D[{ Pointsize[0.02], Point[Last[t]],
Line(t],
GrayLevel[0.6], Point[First[t]]
3. :
ViewPoint ->{0.1, -2.4, 2},
AxesLabel -> {"xll' Ilyll‘ llzll)’
Axeg->Automatic]

4 b ViewPoint 2ZE L 7FER

r=4.0; n = 80;
tr0 = Transpose[{Range[0, nl,
NestList[f, 0.1, mn]}l;
trl = Transpose[{Range[0, n],
NestList{f, 0.1+104-10, n]}];

Show[ListPlot [tr0, PlotJoined->True,
PlotsStyle->Thickness[.0005]1,
ListPlot[trl, PlotJoined-s>True,
PlotStyle->Thickness[.003]],
AxesLabel -> {"n", "x"}]

PIAZAF0 . 1 & I L TSIz & D 80EIR1E
LTRONBIAMNDA TV =7 b b, EDI
THIHHEAF0I+10 "D A b 7
=27 MEBOREREZCERTuy LI
bOMNK S5 THh B, Range[0nlid0» 5 n T
On+UED Y A b %& L, Transpose [ ] 1Z
T 28BS 2 HA AR TH 5,
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5 May OEBIZ L& 2 PIHASREOENREOHAK | 2 DOFIMIZME0. 1 (#lER) 20.1+107°
(AR BRE Loz 0ESEHICTEKRT 2,

NENMUHERTE2EHHEOB S 2
RIAEHRAELOEBREREEREFADL L LE
BTN EEREL 2 M TH D I L5
ENT Wb, ZDX 3 REHBOZHTHEELD
EHEGL L TROLOBLEFELEHEE LT
w30,

Dir1=Di +7%sin27rqi (mod1)

qiv1=qi+ Di+1 (WLOdl)-
CITRIFNTGA—FTHB, ZOEFHEILL
TZOBTERDEI I LUTHARTAL D,

fl{p., a_}] :=
Block[ {tmp},
tmp =N[p + k Sin{[2 Pi q] /7 (2 Pi)] ;
{Mod[tmp, 11, Modlq + tmp, 1]}
1
k =1.3; n = 300;

pt0 = Map[Point, NestList[f, (0.4,0.6}, nl}
ptl = Map[Point, NestList[f, (0.2,0.7}, nl]
pt2 = Map[Point, NestList[f, (0.5,0.4}, nl]

pt3 = Map{Point, NestList[f, {0.7,0.15}, nl]

Show[Graphics[{PointSize[0.006], ptl.
Points8ize{0.003], ptl,
PointSize[0.001], pt2,
PointSize[0.006), pt3

3.
PlotRange -> {{0, 1}, {0, 1}},
Axes -> Automatic, AspectRatio -> 1,
AxesLabel -> {"p", "q"}]

N5 A—ykk=13k L. ¥IHAKEHELELT
(04, 0.6). (0.2, 0.7). (0.5, 0.4). (0.7, 0.15)D
40FEVEOREEREZTI0E Ty b
Licb DB 6 TH 2, N
B 6 TIATHME0.2, 0.7)0 5 HFEL 1 IZT
EHE2RLTWAD, TN OTHAZE 25
OB AAERBLTWVS, TO/NSTFA—F
BT IHEEE & 5 > 5 A REHBEEFEL T
WEDWBFPBE, N7 A—F ODEDD 5 EHEAE
kDb RELRZE, ETOMBERAILT AR
2 Z e dbhino T s,
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