The Chaotic Dynamics of a Bouncing Ball
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A period doubling route to chaos was observed in a bouncing ball bearing by
amplitade

changing the
4.669620161.

INTRODUCTION AND
BACKGROUND

The field of chaos began back in
the early 1960°s when Edward Lorenz, &

was investigating!

Instead of the sequence from the

aguin, he used output from the
o 0 2 i il
conditions. was dramatic,

In the early 1970’s, Robert May
a blologist h‘;hli:il:';u originally ;
varlations ﬂl populations wsing

difference equation,? x,,; =Ax,(1-x,),
where X,y is the population for the
following year , x, is the current years
population and A is the nonlinear
parameter. This cquation works like a

g

and holding the frequency constant. It was found thai
's delta was §p=1.4840.17 which does not agree with the accepted valoe of

A is drawa, with &
maximum height equal to the noalinear

parameter, A. The lins y=x is also
drawn. The initial seed, x,, i3 selocted
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to observe this
mdnwdtosmdyﬂquﬁlﬁcn?.hc
© look at the geometry of the
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the line y=x, which is the dashed line.
This process is repeated indefinitely.
The parameter A, is just the distance
that the parabola is from the x-axis.

What be found was a relationship
betwoen the 1atio of Any1-A 8nd Ag-hy.

Buwperioaza. Thisrelooatip s,

8z = lim §, = 4,6692016L...,
[
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where 8, P

The experiment was
m" in 1985 by N.B.
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of Ph at Bryn Mawr

and the are The
scoeleration for the ball is constant, g, the
acceleration due w0 It @lA<g
then the net force on the ball at all polnts
in the oscillation will be downwarndl.

When 0,A = g then the net force on ball
&t the peak of the oscillation will be zero.
It is when @2A> g, that thers is a ast
force on the ball at the peak of the

and the ball begins 1o bounce.

So substitating in g for 2 into Eqn, 2
gives,

g=+0ZA, Eq. 3

with § to A,where ®, =2xf.
Thi opies e,



Eqn. 4
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Equation 3 is the necessary
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will be represented as 87. Refer to
3 below to see ths bifurcation
and a geametrical interpretation
of 8.

depends upon what ). is.
Thisis Ty. The final atatc
depends upon whgt A is.

All solntions go to zero
after imemations.
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a high and a low value, Aahwhnth-valin

Fig. 3 shows a picture® of the bifracation dingram for the logisitic map that
Feigenbanm studied. The bottom axis is A and the left axis is the final state
of the system after several iterations. Felgenbaum's § is just
It is now believed that this number is unversal and is equal to 4 161...

il M

(g2 WAg-Ao).

This relationship for 5 is!,
8w .H_I:S. = 4,66920161..., Eqn. §

and a mass of §.375140.0001 g & Pasco
mwvm.wsﬁ-nwu
Pasco Digital Function Generator-
Amplifier; a 2001 Multimeter; 8
Hewlett Packand oscilloscope,
mw Mmfsuseu. The
Fuaction Generator the sine
from the mndﬁu:u ltlul:ﬂ on the
odnuom acoustic transducer
picks up the sound of the ball bouncing,
and this signal is converted into a voltage
which can be read by the oscilloscope.
The Preampilifier 1s used o climinake
60 cycle noise that occurs, thus
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=M
5» l@"-z. Eqn 7
From Eqn. 7, the uncertainty in 8 is,
- 1 1, a=0) o2
e [a,-n.,?“‘*a,-m“’
A=) s
oa—2) ”"]K' a8
snd then substituting the appropriate dam

for set #3 gives dB =0.17 for the third
data set.

The ex was partially
succeasful in that data was but
not so because of the large
?pmudiﬁcdlbin

s- The best experimental value
Sp=148+Q017 was nowhere close to
the value, However, a clear Ty,
Ta Ts were observed. 3

soems to work mmch better

time intervals to spread the out
across the screen, ng the
to more casily see Tg or
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