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This system is defined by the set of equations:

¥ verses Im(y)

': all gh_Y.dat using 13
{ ‘all_@2_Y.dat using 1:3
| 'all £3_Y.dat using 1:3

_05_Y.dat using 1:3 B
I_0B8_Y.dat using 1:3
I_07_¥.dat using 1:3

dx 22 ¢ L ]
Every chaotic system is governed by a set of mathematical equations. These equations are deterministic: the motion they 1,7?; - oy
C : : , o C o : : — = —y+ay—brz+yg = :
predict is not random. Since the work of Poincaré, mathematicians and physicists have made much progress in understanding o )
_ _ _ _ _ _ _ _ o {— = —z+4+bry+ a2 .l |
such systems. The key is to find invariants that can indicate the properties that the system will exhibit both globally and locally. We used valies o — 0950 — 4 F — & and ) = 1. We then calenlate J,, —
dfi(x)/0x; and the eigenvalue equation Jy; f; = Ofi(x)/0x; f; = Afi using Maple. 2| i

In this poster, we present research our group has been working on in trying to understand a type of property in chaotic systems Explicitly,
Ofi(x)  Ofi(x) Ifi(z)

we call the eye-curve. The eye-curve seems to "organize" the flow of chaotic attractors much like the eye of a hurricane or ST I N IR : | : 3
ofale) Ofs(e) Ofale) fa(z) fal2)

tornado "organizes” the behavior of those systems. We show the eye-curve for a number of strange attractors and suggest i O; Oss

X verses Re(y)

3
. . . . . . . ' " all 01_Y.dat using 12
their possible application in the analysis of chaotic systems
: AT 04" dat using 12
= 5 ‘all_05_Y.dat us;ng 1:2 g
. ‘all_06_Y.dat using 1:2
c 'all_07_Y .dat using 1:2
=
restart: “ restart: 1
with(LinearAlgebra): with(LinearAlgebra):
H with(StringTools): E with(StringTools): \
Digits := 33: Digits := 33: % 0L — T~ -
vl = -a*x-y"2-z"2+a*f: o L
V2 = -y+X*y-b*x*z+g; fs := fopen("run_first_RootOf.dat", READ): H
v3 = -z+b*X*y+X*Z; rr .= op(fscanf(fs, %a)): I52.,
a :=0.125 + 0.01; fclose(fs): Useful Data 4k -
b =4,
f =8; alias(R1=rr):
g =1; soln:=(x,i)->allvalues(rr)[i]; 1
v := Vector(3, [v1, v2, v3]); fzz:=fopen("machine_ALL_REAL.dat", WRITE): 2k K
L := proc (X) options operator, arrow; v[1]*(diff(X, x))+v[2]*(diff(X, y))+Vv[3]*(diff(X, z)) end proc: for i from 1 to 7 do |
Lv := Vector(3, [seq(L(v[i]),i =1 .. 3)]): file:=Join(["machine_",convert(i,string),".dat"],"");
sol := solve([seq(Lv[i] = lambda*v[i], i = 1 .. 3)], [lambda, y, z]): fz:=fopen(file, WRITE): -
for x from -3 by 0.0001 to 3 do -3 ' ! ' — .
lamb:= op(2, op(1, op(sol))): var = evalf(soln( x, i)): -3 =2 -1 0 1 2 3

yy:= op(2,0p(2,0p(sol))): fs = fopen("run_fixed_yy.dat", READ): X

Dynamical systems can often be written in the form, - oo o
We have found that the set {\: &(\) = 0} olfopenCrn st sl WATE o pantn s 2.t REAO)

dX e ‘ fprintf(fsol,"%a \n"530|): 2Z = op(fscanf(fs, %a)): ¥ Verses |m{|amb}|

V=— =f(x), xcR" x(0) = xXg of1(z) Ofi(z) Ofi(x) form a curve through the three dimensional kel cosl) ; . . .

! fs := fopen("run_fixed_lamb.dat", READ): 'Irnachinej .dat ulsing 17
T . T . T O, T | . flamb := fopen("run_first_lamb.dat", WRITE): lamb := op(fscanf(fs, %a)): :nghm:_x?:d:f Eg:ﬂgﬂ
(’.it . . \ ” 6‘?;; 33) o ?;; (2.’13) %, ?f IU) fl ( ) Stra’nge a’ttra’CtorS W€ ha’ve St Udled' :Elrg;:((?lznr;%):"%a ey I::;)Ir(i)r?t?((ffj):“:f %f %i %f %f)i/of %f %d \n", x, Re(yy),Im(yy),Re(zz),Im(zz), Re(lamb), Im(lamb),): 2 :QZEEQQEZEZEZE ﬂﬁ?ﬂg E -
We can write the next derivative a la Fréchet: 52— " Bro  Ha fa(x) T e / machine B dat usng 17
a a 8 . f);):ir-:f fft;yfe?o/o;ur;{lxt:_yy-dat » WRITE): ;pnr;nitff f22,"%f %f %f %d \n", x,yy,zz,i):
aV df (x) dx JE(x) Jéng) J;Tj) ggTj) fa(x) We are currently working to understand how ooty 't -
: — — X ‘ | . fzz := fopen("run_first_zz.dat", WRITE): ;Jcr;jsszi?zn?x', v —
dt ! dx dt - these curves fit into the context of the chaos e gy T oo ? [
E

fclose(fzz):

We now form an eigenvalue equation: filz) program using tools of differential geometry. o

[[lambda = (-.445987762362720212699670952000000e37*Root0T(9826000000000000% Z"7+(-943296000000000000%x~3+182306980000000000*x~2+103943100000000000*x-64721760 -1
000000000)* Z76+(-591341401200000000%%-221294062750000000%x"2+178623176400000000+22796320000000000000+*x~6-6607326080000000000+x~5+1224613762050000000% % 4+306
\ 4364430300000000*x"~3)* 7~5+(1356516319292000000%x-10570201640008000000*x~4-756470786200000000*x~3-1268295620776000000*%~2-84744128551032000000*x"6-2650977567
| ] 20000000+32567272173316000000%%"5-3438313520000000000*x"8+47345108256000000000*x"7)* 7"4+(-67279310978364010000%x"5+28172527512857235000+*x"4-9680674213654200
Jf X) S Af X) \ fS(:I:) \ 0000*x"9+131716294289934270000*x"6-T75008379390605430000%x"3+104608976553000000000*x™~10+3467212025137170000*Xx"2+224530309552640000-114874597238850200000%x"7-11
| | 545943040000000000*x"11+46000688818800805000*x~8-1582608807745360000*x)* 7~3+(962249946449532800%x-104745905273078400+69570254018826436000%x"5-16782984240312
\ | 2385600%x"8+6624484819200000000*x"13+132800070727409504000%x"7-3292498394647374000%x"2+10294503788481701600*x~3-117599963393586152000*x"6+1399233310790400000
*************************************************************** 000*x~11+409703840554295520000+%x~9-31807297049210523600*x~4-215880269990400000000*x~12-823526452980803520000*x~10) *_7~2+(22724305214340096+184698028888868476
741*x"8+15045559127271844817*xX"4+56308120963200000000*x~16-83115955212083044040*x"7+1243230094891334847800+*x"10-2124844423512348960000*x~11-26966382410736115
2*x-4685426525513140594*x"3-940676844326400000000%x~15+1268175589235554320*x"2+2697214550112715680000*x~12-3173254053706944000000*x~13+57674191497551738246%x
~6+4280071848173565000000%x"14-514571921758423730000%x"9-33111551661955411098*x"5)* Z-1138366119822336+20904309783349632%x-135588523927823920*x"2+82159382757
270214600%x™9+9755795167797428040%x"7-220181606823045303181*x"8+532646846619709154*x"3-2055635516599215897*x"4+4736301997273228018*x"5-8658606542890929886*x"6
-239805935433205628400*x"10+492692591983218480000*x~11-476865382979093040000*x~12+309583779673680000000*x~13-58651045373520000000%x~14+3312242409600000000*x"
15)~3*x"14-.5343594857925775230879072000000000e38*Root0f (9826000000000000* Z~7+(-943296000000000000*x~3+182306980000000000%x~2+103943100000000000*x-6472176000 X
0000000)* Z~6+(-591341401200000000+*x-221294062750000000*x~2+178623176400000000+22796320000000000000*X"6-6607326080000000000%x"5+1224613762050000000%x"~4+30643
64430300000000%x"3)* 7~5+(1356516319292000000%x-10570201640008000000*x~4-756470786200000000*x"3-1268295620776000000%x"2-84744128551032000000*x"6-265097756720
000000+32567272173316000000+x~5-3438313920000000000+%x~8+47345108256000000000*x~7)* 7~4+(-67279310978364010000*x"~5+28172527512857235000*x"4-968067421365420000
BO*x"9+131716294289934270000*x"6-T7506837939605430000*x"3+104608976553000000000*x"10+3467212025137170000*x"2+224530309552640000-114874597238850200000*x"7-1154
5943040000000000*x"~11+46000688818800805000*x"8-1582608807745360000%x)* 7"3+(962249946449532800%x-104745905279078400+69570254018826436000*x~5-1678298424031223
85600*x"8+6624484819200000000*x~13+132800070727409504000*x"7-3292498394647374000*x~2+10294503788481701600*x"3-117599963393586152000*x~6+139923331079040000000 3 T T T T
B8*x~11+409703840554295520000*x~9-31807297049218523600*x~4-215880269950400000000*x~12-823526452980803520000*x~18)* Z"2+(22724305214340096+18469802888886847674 'machine A .dat' using 1
1#*x~8+15045559127271844817+*x"~4+56308120963200000000*x"16-83115955212083044040*x"7+1243230094891334847800*x~10-2124844423512348960000*x~11-269663824107361152* ‘'maching’_2.dat’ using 1
X-4685426525513140594*x"3-940676844326400000000*x"15+1268175589235554320*x2+2697214550112715680000*Xx"12-3173254053706944000000*x~13+57674191497551738246*x"6 'machpie_3.dat’ using 1
+4280071848173568000000+*x"~14-514571921758423730000%x"9-33111551661955411098*x"5)* 7-1138366119822336+20904309783349632*x-135588523927823920*x"2+8215938275727 macHine_4.dat using 1
0214600*x~9+9755795167797428040*x"7-22018166823045303181*x"8+532646846619709154*x"3-2055635516599215897*x"4+4736301997273228018*x"5-8658606542890929886%x"6-2 2 ‘mathine_5.dat’ usipg™
39805935433205628400*x™10+492692591983218480000*x~11-476865382979093040000*x~12+309583779673680000000*x~13-58651045373520000000%x~14+3312242409600000000*x~15 ' chine_ﬁ.daﬁ.using 1
1~3*x"~16-.154383555582008081583586543715294e37*Root0f (9826000000000000% Z"7+(-943296000000000000+x~3+182306980000000000%x"2+103943100000000000*x-647217600000 achine_7 dat using 1
00008)* Z76+(-591341401200000000%x-221294062750000000%Xx~2+178623176400000000+22796320000000000000*X~6-6607326080000000000*x~5+1224613762050000000*x~4+3064364 o
430300000000%x"3)* 7~5+(1356516319292000000%%-10570201640008000000*x"4-756470786200000000%x~3-1268295620776000000%x"2-84744128551032000000*%~6-26509775672000
0000+32567272173316000000*x"5-3438313920000000000*x~8+47345108256000000000*x~7)* Z~4+(-67279310978364010000%x"5+28172527512857235000+x"~4-96806742136542000000 1 |
*x"9+131716294289934270000*x"6-7506837939605430000*x*3+104608976553000000000*x"10+3467212025137170000*x~2+224530309552640000-114874597238850200000*x"7-115459
43040000000000%x"11+46000688818800805000*x"8-1582608807745360000%x)* Z73+(962249946449532800%x-104745905279078400+69570254018826436000+x"5-167829842403122385
600*x"8+6624484819200000000*x 13+132800070727409504000%x~7-3292498394647374000*x"2+10294503788481701600*x"3-117599963393586152000*%~6+1399233310790400000000%
x~11+4097038408554295520000*x~9-31807297049210523600%x~4-215880269990400000000*x~12-823526452980803520000*x~10)* Z~2+(22724305214340096+184698028888868476741*
X"8+15045559127271844817+x"4+56308120963200000000*x~16-83115955212083044040*x"7+1243230094891334847800*x~10-2124844423512348960000*x"11-269663824107361152%x-
4685426525513140594*x"3-940676844326400000000*x"15+1268175589235554320*x2+2697214550112715680000*x~12-3173254053706944000000*x~13+57674191497551738246*x"6+4
280071848173568000000%x~14-514571921758423730000+x"9-33111551661955411098*x"5)* 7-1138366119822336+20904309783349632%x-135588523927823920*x"2+821593827572702
14600*x~9+9755795167797428040*x"7-22018166823045303181*x"8+532646846619709154*x"3-2055635516599215897*x"4+4736301997273228018*x"5-8658606542890929886*x™6-239
885935433205628400%x"10+492692591983218480000%x"11-476865382979093040000%x~12+309583779673680000000%x~13-58651045373520000000%x"14+3312242409600000000%x"15)"
3*x~13+.854621145023178741799261850645509e38*Root0f (9826000000000000% Z~7+(-943296000000000000%x~3+182306980000000000*X~2+103943100000000000*%-64721760000000 -1
000)* Z6+(-591341401200000000*x-221294062750000000%x~2+178623176400000000+22796320000000000000*X~6-6607326080000000000%X~5+1224613762050000000+*x~4+306436443
0300800000*x"3)* Z~5+(1356516319292800000*x-10570201640008000000%Xx~4-756470786200000000%x"3-1268295620776000000%x"2-84744128551032000000*x~6-2650977567200000
080+32567272173316000000+x"~5-3438313920000000000%x~8+47345108256000000000*x~7)* Z~4+(-67279310978364010000*x~5+28172527512857235000*x"4-96806742136542000000%X
~9+131716294289934270000*x"6-T7506837939605430000*x"3+104608976553000000000*x~10+3467212025137170000*x"2+224530309552640000-114874597238850200000%x"7-11545943
040000000000*x"11+46000688818800805000%x"8-1582608807745360000*x)* Z"3+(962249946449532800%x-104745905279078400+69570254018826436000+*x"5-16782984240312238560
D*x"8+6624484819200000000*x"13+132800070727409504000%x~7-3292498394647374000*x"2+10294503788481701600*x~3-117599963393586152000*x~6+1399233310790400000000*x™
11+409703840554295520000%x"9-31807297049210523600*x~4-215880269990400000000%x~12-823526452980803520000%x"10)* Z~2+(22724305214340096+184698028888868476741*x"
8+15045559127271844817*x"4+506308120903200000000*x~16-83115955212083044040*x"7+1243230094891334847800%x"10-2124844423512348960000*%x"11-269663824107361152%x-46
85426525513140594*x"3-940676844326400000000*x~15+1268175589235554320*x"2+2697214550112715680000*x~12-3173254053706944000000*x~13+57674191497551738246*x"6+428
0871848173568000000*%x"14-514571921758423730000*%x"9-33111551661955411098*x"5)* 7-1138366119822336+20904309783349632+*x-135588523927823920*x"2+82159382757270214
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'machine_ALL_REAL.dat using 1:3

See http://www.physics.drexel.edu/~tim for films of these simulations.



