If you CanCND A laborator y experiment from the

. Little Shop of Physics at
pr edict the w eath_er1 Colorado State Univ ersity
how can you pr edict

the clima te?

Overview

~ Necessary materials:
This is a @y good qustion. Hee® theone
word ansver: Chaos ¥ Calculgor

Theory o

R i . You can also do thixercisewith a computerun-
Contrary to popular usage@baoso deed ning a speadshet.
mean randomnes SystensNlike the atmos
phereNthat are chaotic ae unpredictalde in
someways hut follow cetain well-debPnal pa-
terns This is thesss@ceof chaos and raher than trying to eplain this seming contradiction, itOasie
to just eplore a systm tha seems likeit should bequite regular tut is actually leaotic.

Doing the Experiment

We are going to computsuccesie values of an iteative equaionNone in which you useonevalueto
computethe next value Here® theequation we use

! X = (11 %,)(x,)

I is a paramer that can bevaried. We are going to us&.87 hee. We are going to computsuccssie
values with a calcular. To simplify we have a recipethat tells hav to computethesevalues:

"

1) Rck a\aluefor theparameer for the
equdion.

1) Takeyour starting alue Wed call thisxi.
Press S on thecalculdor to put it into
memory.

2) Now, we need to computethe next value
Xo. Press thefollowing keys:

¥ 1-RCL= (computel-x,)
¥ "R CL= (multiply by x)
¥ "3.87= (multiply by 3.87)

¥ STO (put theresult in menory for the
next round)

3) Record thevalueand do Stp 2 aguin.
And just kep doing Stes 2 and 3.

Thisisa gaph ofthe &locity évtical ajissthe pamn (hoti
zontal aXi®fa pendulum ugderghaotic motion.



The big question is this: Whado theresults man? Hee are two trends to notice

¥ Ead valueseemsrandom, but there aretrends In particular noticethe OhighJow, mediumOsés of
values You® oftenNb ut not alvaysNsee this typeof trend.

¥ Small hianges in this initial aluedon®makemuch differencein theinitial rounds but makea big
differencelater. That® Oswsitivity to initial condition® oneof the hallmaks of chaos

Thevalues ae quite unpredictalle on a short scaldut there are somevery clar trends tha are quite
stable. Weather and climae!

Summing Up

This simpleexperiment does hare a lot to tdl us about haos and, ultimizly, the difference beween
weather and climade.

For More Infor mation
CMMAP, the Center for Multi-ScaleModding of Atmospheic Processa: http://cmmap .colostée.edu
Little Shop ofPhysicshittp://little shopphysicscolostée.edu
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