Math398Q 2011 Summer
Introduction to Scientific Computation

Project 1

Paper I done individually should present a study of a limited aspect of some dynamical
system. The tools which may be applied to this work include phase space diagrams, Poincare
sections, power-spectra, bifurcation diagrams and fractal dimension.

Together with this file, you can find a compilation of many different dynamical systems.
You can choose one of these systems and study it in detail.

The requirement for this paper is no more than eight pages in the standardized KTEX
format. To receive a high grade, your paper should be correct, interesting, original, and well-
written. Any evidence of word-for-word copying from books or fellow classmates will result in a
lowered grade. You should research ideas for your paper in the library, on the world-wide-web,
and by looking at previous work done in earlier years. Your paper should reference papers,
books, etc. that you use in your work.

A Compilation of Various Nonlinear Systems

1 Differential Equations
1. Free Brusselator Equations:

i = A—(B+1z+2%

= Bz — :E2y

2. Rossler-chaos Equations:
X = —(Y+2)
y = X+aY

Z = b+Z(X—-¢)



3. Rossler-hyperchaos Equations:

—(Y+2)
= X+aY +W
b+ 27X

= cW-—-dZ

SN e e
I

4. Chua’s Circuit Equations:

o(y — h(x))
r—y+z
= —PBy

<8
|

where h(z) = mix + (mo — m1), moz, mix — (mo —mq) fort z > 1,|z| <1 and x < —1
respectively.

5. Forced Duffing Equations:

T =y
;] = x— a3 — ey +ycos(wt)

6. Unforced Duffing Equations:

r =Yy
= Br—a23—ey
7. Quadratic Duffing Equations:
r =y
= Br—at—ey
8. Van Der Pol’s Equations:
T =y
j o= —(1-aty-a
w

9. Van Der Pol Oscillators coupled by weak linear interaction 8 and weak de-tuning J:

ite(@®—Ni+r = ply—a)
jt+ey?—y+y = Bly—z)—dy

10. Forced Van Der Pol’s Equations:

T =y
g = —(1—2?)y — eF cos(wt)
w

e

11. Henon-Heiles Equations:

r = —x—2Dzy
—y — Da?® + Cy?



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bountis-Seger Equations:

i o= -1t —¢x—y)?
jo= fx-y)?’-y°

CSTR (Continuous Stirred Tank Reactor) Equations:

Y1 = —y1+D(1—yi)e”
Yo = —y2+BD(1—y1)e”” — Byo
Nerve Impluse Equations:
Y1 = 3y +y2—vi/3+N)
Yo = —(y1—0.7+0.8y2)/3

Lorenz Equations:

X = oY —X)
X(R-2)-Y
Z = XY -bZ

.
Il

Lorenz’s 4th Order Equations:

o= —y+ 22— 95+ (U3 +v3)/2

go = —y2+ (y1y2 —ysya) + (3 — y3)/2
ys = —y3+ (y2—v1)(ys +y4)/2

Ya = —ya+ (Y2 +vy1)(ys —ya)/2

Ginzburg-Landau Equations:
6 = 60(6% -1+ \p?)k?
5
Mathieu’s Equations: )
¢+ (a® 4 Bcost)sing =0
Belousov-Zhabotinskii (BZ) Equations:

A = —k;AB+k.C —r(A— Ap)
B = —ktAB+k.C —r(B— By)
C = k;AB—kC —rC

Maxwell-Bloch Equations:

E = —kE+kP
P = —uED-uP
D = w\+1)—D —vAEP

Morse Oscillator Equations:

T =y
;= —p(e™™ —e ) + eycos(wt)



22.

23.

24.

25.

26.

27.

28.

29.

30.

Holmes’ Feedback Control System Equations:

T =y
] = x—a—0y—z

= ayr—az

Euler’s Equation of Motion For Free Rigid Body:

Iy — I3

mp = Tols moms
I3— 1

ma = 15 mims
I — I

m3 = 1.1 mims

Coupled Limit Cycle Oscillators Equations:
6, = 1-— v sin 27w (6 — 03)
by = w— v sin 27w (6, — 03)
Wind Induced Oscillation Equations:
T = —Er—Ay+uzy
= A —&y+(2® —y?)/2
Volterra Equations:

&t = (c1 432+ csy)x
= (co+caz+ cy)y

Samardzija’s Equations:

T = cr+cy—=z
= 3T+ Ccqy — 05:1:3
z = pz
Tunnel Diode Circuit Equations:
B = =[-h(z1) + 22
C
gy = %[—xl — Ry + U]

where h(z) = 17.76x — 103.7922 + 229.622° — 226.312* + 83.722°.
Single-link Manipulator with Flexible Joints:
Igi+MgLsing +k(gn —q2) = 0
J@p—k(lgn—q) = U
Synchronous Generator Commected to an Infinite Bus:

Mé = P —Dé—§&E,sind
TEq = —€2EQ—§3COS(5+EFD



31. Wien-Bridge Oscillator

B = eyt as— glan)
1 = CiRy 1 2 — g2
2 = ol —gl)] -
X = —X xro — X — X
2 CoRy 1 2 — g2 Co Ry 2
where g(r) = 3.234x — 2.19523 + 0.6662°.
2 Mapping
1. Bouncing Ball With Moving Wall Equations:
bjr1 = ¢tV
Vi = aVj—7ycos(d; +V;)

2. Complex Cubic Map:
_ .3 L2 , .
zj+1 = pzj + (c1 +ice)z; + (c3 +ic2)zj + ¢5 +ice
where z = x + iy.

3. Ikeda Map:

Z]+1 = p + C2Zjei(cl_c3/(l+|zj|)

where z = x + iy.
4. Tinkerbell Map:
2 2
Tjy1 = X —Y; + 1T+ 2y
Yjr1 = ijyj + c375 + cqy;
5. Chossat Map:
zir1 = (c1]z5| + caRe(2) + p)zj + e3(2%71)*

where z complex and z* its conjugate and c5 is integer.

6. Gumowski Map:

w1 = a(l+ceyl)y + Flz))
yie1 = —xj+ F(zj41)
Fu) = pu+2(1—p)u®/(1+u?)

7. Henon Map with 5th Order Polynomial:

Tj+1 = C2+c3xj+ C4$? + C5$j3 + CGx? + 0733? + c1y;
Yit1 = Tj
8. Hitzl Map:
— 2
Tjt1 = 1+ Yj — ZjT;
Yi+1 = Caxj
zjy1 = 2 — 0.5+ +px]2



9.

10.

11.

12.

13.

14.

15.

16.

Piecewise Linear Map:

If x <0:
Tjt+1
Yji+1
If x > 0:
Tjt+1
Yji+1
Yakubo Map:

Tj+1
Yi+1

Nordmark Truncated Map:

If x <O:
Lj+1
Yji+1
If x > 0:
Tj+1
Yj+1
Henon Map:
Xn+1
Yn+1
Twist Map:
Jn+1
9n+1 -
Quadratic Map:
Yn+1
Tn+1
Quadratic Twist Map:
Tpn+1 =
Yn+1 =
Standard Map:
In—i—l
(an—f—l =

cazr; +y;+p

CQSL’j

c3x; +Y;+p

C4$j

clxj
T;+Y; + C2
eP—c3(@j+y;)

iz +yj+p
Cgcixj

3% +yYj+p

ngj

1 —aX2+Y,
bX,

Op, + 2741 (mod 27)

TIn

1—yn—axi

Ly cosd — (yn — 22) sin

€08 ¢ + (yn — 77,) COS ¢

I, — Ksin ¢,
¢n + Iny1(mod 27)



17.

18.

19.

20.

21.

22.

23.

24.

Fermi Map:

Upt1 = |up + sin gy
2T M
Pnt1 = On+t 1 (mod 27)
n
De Vogelaere Map:
Tnt1l = —Yn+g(Tn)
Ynt1 = Tp—g(Tni1)
g(z) = cx+a?
Kaplan and Yorke Map:
Tpy1 = 2xp(mod 1)
Yn+l = QY+ cosdrmz,
Whisker Map:
Wptl = Wy — ewwgcsch <¥> sin ¢y,

16
Ont1 = ¢n+w01n< )
Wn+1

Cometary Map:
P,t1 = P, + Ksin(gy,)
4
3Pn+1

gn+t! = Gn+

Kepler Map:

Nji1 = Nj+ksing;

bj+1 = ¢; + 27TZU0(—2U]0NJ'+1)_3/2
Sine Circle Map:

K
9j+1 = 9]' +w + % Sin(27T9j)
Doubling Map:
Tpt1 = 2z, (mod 1)

3 Fractal Set

1.

Degree m Polynomial Sets (Including Julia Set and Mendelbrot Set):
Zn+l1 = ZZL +c

where z = x + iy.

. Tricorn Set:

~ 2
Zn4+1 = 2n~ tcC

where z = x + iy.

. Exponential Set:

Zntl = Ae”

where z = x + 1y.

. Sierpinski Triangle, Box Fractal and/or Koch Snowflake



