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' Math 231
Loglstlc Models and Spreadsheets

___fGoal Wnte a spzeadsheet program for the Lorﬂstic Equa,tlon

~On a separate piece of paper va'e dowﬁ the Logistic-Recurrence relation.- :

. What are your variables? What are your parameters'? Draw a compartmental S S

diagram for the LOngth Equatlon

Now open Excel (or aiﬂoﬁheréspreadeheet pi?ogfam).- -Si;ar‘a-byllisting all of yeur--%

. parameters at the top of your spreadsheet To start let the initial population . = . . .
be 25, the maximum growth rate be 0.5 and the carrying capacity be 2.

) Buﬂd your model and make a graph plottmg popuiatlon vs tlme

Next we Wiil test to Esee ;if the model ié sensitive to any of our pa,rametere R

) Keepmg the carrymg capamty and growth rate the same change the- -
mlt,zal populatlon Vary it from above the carrying capamty down to
zero. Is your modei Sensztlve to 1n1t1a1 populatxon? Does your answer :

make sense?

‘e Keepmg the 1Illtlal populatlon a,nd growth rate the same, chenge the__ _

carrving capacity. Is your model senmtwe to the carrymg capamty’?
Does your answer make sense? o -

- o 'Keepmg the initial populatzon a;nd ca,rrymg capac:lty the same, change. e

the ma;umum growth rate.

- Vary R between 2 < R < 0. Our ana1y51s sald that P 0 is the :
stable fixed pomt Do you see this in your model? :

; - Vary R between 0 < R < 2. Our analysis said that P K is the
stable fixed point. Do you see this in your model? =~ =~

= What happens when you are outside these’ ranges’? Let R = 2
R —-—2 or let R-be way outside these ranges. What do you see? :
Try to describe in words what your model is telhng you. We W1H :
talk about this at the end of class : : '
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. One often looks toward physical systems to find chaos, but it also exhibits itself in‘biology. 'Bioiog'is'ts had been studying the

: variability in populations of various species and they found an equatnon that predicted animal popuiatlons reasonably well.

___ThIS equatlon was a s:mpie quadratic equatlon caEIed the Eogzsttc difference equation. On the surface, one wouid not expect
this equatmn ‘to prowde the fantasticauy complex and chaotlc behavior that it exhzbrts : :

: The logistlc dxfference equatson is gwen by
Ty = realledn) o
- where r is the so-called driving parameter.The equation-ié use;d in the-foliowiog-m'anner Start with-a-fixed 'value_ of the

- driving parameter, r, and an Initial value ofx One then runs the equatmn recursweiy, obtammg X X . For low

Xy :
valiies of X (as n goes to infinity) eventual[y converges to a smgle number In buology, this nomber (x asn approaches
' 'mﬁmty) represent's"t?\é'popuiatron of the speCIes :
It i5 Wh&ﬂ the drtvmg parameter , is'slowly tumed up that mterestmg thlngs happen When r = 3.0, x ne !onger converges i
— it oscillates ‘between two vaiues This charactenstlc change in behavior is called a bsfurcataon Tum up the drwmg '
- parameter even further and: X, oscd?ates between not two, but four values. Ag one contmues to increase the driving
_parameter x goes through blfurcatlons of period eight, then sixteen, then chaos! When the vaiue of the driving parameter ro ] :
ec;uals 3.57, x neﬂ:her converges or oscxl]ates - 25 value becomes completeiy rantiom For: veiues of rlarger than 3. 57 the : : : :
.behawor i largeiy ci’zaotlc However, there isa partlcular value ofr where the sequence agam oscﬁlatas with period of three FEE
i The bifurcations then begin again with penod 6,12, 24, then back to chacs. In fact it was discovéred in James Yorke's
famous paper "Period Three Implies Chaos:” that any sequence with a penod of three wnli d;splay regutar cycles of BVREY i
: other penod as well as exmbltsng chaotcc cyc|es :

_: _ The blfurcatlon dlagfam of the Ioglstlc dufference equation is shown betow:
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