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Graphic Software Packages for Chaos Attractors
Mitsutaka KATO+ and Yuhei SHIMOYAMA

{Section of Med_ical Electronics, Research Institute of Applied Electricity,
Hokkaido University, Sapporo 060, Japan.
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Abstract : The gaphic software Packages are developed for the heuristic cognition of understanding
the concept of chaos. Chaos found in the set of the solutions of the two - dimensional difference
equations exgibits the complex structures in the phase plane. The system consists of the approachs to
the chaotic behavior in the simple algebraic manifold. We proposed the inverse approach using the

graphics pictorial representation.
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Xp=(14ab)x,-bx,y,
Yae1=(1-b)y,-bx

{a, b)=(1.25, 0.72)

boTBOERY VT, iKY o TMTH
Do AJMDED - . OKCANCEL % 7 1)
w2 LTHILICRE %, OK%E 2 1 v 74 2% &l
2ETHL, 158 LRI THilciciiE i 5,
CANSEL 7 1) v 74 5 455 L /il L7 3E%h
LIt Zz0E TS 5,

e A N T R

e

Fig. 8 Funtion key 8
X =Ax,+d(x3-y2)

yn+1=Ayn-2dxn)’n

A=a(xZ+yg)+bx,(x2-3y2)+c
(a b, c. d)=(-1.0, 0.05, 2.275, -0.5)

20 <15 <10 05 0.0 05 10 15 hp

o
_'.i] ]
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(a, b)=(-0.1,-1.7)

B & £z

O &N Eil

Ky 7 by T SIS A S E
AT A EEZHNELTWS, AV 7 box
TIIERICBEE T ILTY LAl iEFonT
W5 O THmEIZIER LPd b,

KV 7 b LTIECAIONTE 54— LY
BEEROTVWEAY, MRSE® s 7 74t
27200 CALL Y biEhic B H oA 5| =



PIRBE DA

DB ENTES,

SHORY

K77 b7 xT7EBHMELTHBWAICRIEL
WA O S B, IRBEIEICIE B DI,
FOEMTHWARENEWVWITETHS, W
ZELTHOVWAIIBIERCHBENEL. Zh
WAL A AN ERIEE R 2 &Ik
HEMOLEME LTRHWA I EXET NS,
CAlOARD Bz AIRFaIOEm LS #5 2
EiCH AN, AV T FU LT TIRENS LT
WHFROEN B X € 5 2 EAYARFTE 3,
A7 box7ReoREIRATIIECE
DAVEL—FYRAFLEHRBIL, F—FK—F
Z2HHTILBERZBEALILL, oA~
7 =itk BRI A bIERICHE D, T
D7 b rT7REFEBHCRMESESI L
TREANZAEEIWFFTE 2, TLHIFROD
Foids. SRS ICHT 2 EBENB oMLY
LA ZA T LOBRND 5,

EE 3k

1) Mk W§IMAARCGavivarv]jHAx
v Ak (1990)

2) AF—% [HARBABORBEIEH] 41
x x4tk (1990)

3) —8 % (=2REAAM] BEEFEan
(1986)

4 20 47 (1992)



KaEr g OB FERIC L B
Y Ial—Vvayv B

BEHRETE T MEETEE". Tl
T BFRRREFE., L EREE BRI
L EHEAFEESIEYEFHE

Analysis of Liquid Crystalline Structures by Two- dimensional
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PEACENT BECOMING TEACHERS

o= ¥ { L) 1, L) 1
1976 1977 1978 1979 1580 1881 1982
YEAR

Higi.gchool employment ot new graduates.
The poportion of new physics bachelor's and
masters degree holders who become secon-
dary-school teachers has declined.

gs

ANNUAL SALARY (thousands of dotars)
L

Y T Y T LA}
1976 1977 1970 19790 1900 1961 1962
YEAR

Starting salaries for new physics master's
degree recipients in secondary schoois and
industry, 1976-82. Dashed lings represent
salaries in constant (1976) doliars.
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ENRCLLMENT (millions)

1800 1920 1840 1960 1680
YEAR

Enrollment in public high schools in the US.
The curves show total number of students
(upper curve) and students enrolled in physics
courses. Data up to 1952 are from William
Kelly's 1955 article” on physics in the public
high schools; data from subsequent years
come from the Department of Education and
the National Center for Educational Statistics.
(Compuisory-atiendance laws went into effect
in most states belore 1910, and in many
before 1890; they thus account for only a
small part of tha changes shown here.)

ENROLLMENT (percant)

Fraction of students enrolled in physics and
various other science courses. The curves up
to 1952 come from Kelly's 1955 article in
PHYSICS TODAY, subsequent data are from
NCES and the Department of Education.

50+
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45
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Government
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ANNUAL SALARY (thousands of dollars)

¥

is
04 519 Tol-|4 15-'19 2;}
YEARS FROM DEGREE

Mastsr's degree salaries for physicists em-
ployed in high schools, industry and govem-
ment, plotted as a function of time from receipt
of the degree. Data arg from a 1982 survey.
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PERCENTAGES OF TEACHERS INDICATING COVERAGE OF SUBTOPICS |
(From Pleillenberger and Wheeler, loc. cit.)

Flg. 1. Percentages of teachers indicating coverage of
subtopics in mochanics

Freo lallin | dimension
Kinetic energy
Velocity

Acceleration

Fores

Potential energy

Work

Hawten's 1t law of metien
Newton's 2nd law of moltion
Cuntripetal force
Comservalion ef energy
Hewlon's law of gravily
Vector addition of forces
Motlon under conitant lorce
Relative molien

Cantripetal aceeleration
Momentum

Powar

Conservation of momenlum
Unitarm clreular molion
2-body syslems (Newlon's Jed law)
Pendulum

Simple harmonic motion
Impulis

Frea lall in 2 dimeniions
Inertial man

Elastic & Inelastic collisions
Equilibrium systems (statics)
Gravitational field

Clreular arbils

Hooke's law

Coellicient of friction
Density

Simple machines

Torque

Cenlar ol mass

Oscill, ol mass on spring
Rotational molion
Mechanical advantage
Fresure

Keplee's laws

Spacilic gravily

Angular momentum
Rotational equilibrium
Archimeder' principle
Pascal’s principle
Bernoulli's principle

CONTENT GROUPINGS
Finemalics |

Oynamies 150957 percents
Envrgy & Momanlum i
Qther Teplas
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Fig. 2.

Curreat

Resistance

Electric charge, quant. of

Ohm's law

Coulomb’s law

Magnetic lield

Electric lield

Electric potential

Use of ammeters L voltmelers
Magneltic lields of currents

Mation of chgd, particles in elec. lield
Permanent magnets

Direct current sources

Series & parallel resistances

Induced charge

Fields of poinl charges

Forea on chgd, particles in mag. field

Force on current in mag. field
Capacitance

Paraliel plate capacitor

Serins & parallel capacilors
Inteenal resistance of batteries
Motors

Electramagnelic radiation
Alternaling current
Generators

Joule’s law ol healing

Lenz's law

Faraday's law

Kirchholl's law

Translormerns

Fields other than point charges

Eleclrolysis

Inductanca

Impedance

Vacuum tubes

Trantistors
CONTENT GROUPINGS

Efectrostatics

Clrewity ;:

Magantiim
Oiher Tepics

Percentage of teachers indicating coverage of subtopics in
electricity and magnetism
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Fig. 5. Percentage of teachers indicating coverage of

topics In modern phytics

Photons

Enurgy levels
Proteslectric alfect
Bohr madel ol alom
Planck's censtant

MNuclear enargy = lission
Muclear energy — lusion
Composilion of nucleus
Wave-partlcle duality
lsolopes

Hall-lile

Rutharford modal of alom
Alomlic 1pectra

Natural radioactivily
Nuclear force

Energy-mast squiv. (E= mc’)

Alpha part, scaltering expariment
Huclear mass and binding energy
Millikan oll-drop exparimant
Nuclear reactions (cons, lawi)
Subatomic particles

Partlcle acealeraton

Length & time alfects In relativity
Postulates of spac, ralallvily
Compton sllect

CONTENT GROUPFINGS
Alemic
Hecluar

Other Taples
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