
L ab 1

I n t r o d u ct i on T his week we wi l l invest igat e 1-D cont inuous ° ow s using bot h ST EL L A
and M A PL E. In one dim ension t he t ypes of behav iors t hat occur are l im i t ed in
nat ure, i .e. t here are no osci l lat ions and t here is cer t ain ly no chaos. W e do however
see ¯ xed point s t hat ei t her at t ract or repel nearby point s and, in som e degenerat e
cases, do bot h.

T he syst em we wil l look at t oday is t he p opulat ion m odel from last week (a.k .a.
t he logist ic equat ion) . I t cor responds t o t he ° ow given by t he ord inary di®erent ial
equat ion

_N ( t ) = r N ( t ) (1 ¡
N ( t )

K
) : (1)

E x er c i se 1 I n ST E L L A , set up t he ° ow cor responding t o F ig.1 and F ig.2. E xp er im ent
w i t h graphs of t he p opulat ion for a w ide range of b ir t h rat es, deat h rat es and
in i t ial p opulat ions t o see what k inds of b ehav ior you can produce. T hen ¯ x t he
bi r t h rat e and deat h rat e so t hat t hey are equal and som ew here between 0.1 and 1.
D o a senei t iv i t y analysis for in i t ial populat ion t hat t akes 7 values between 0 and
2. P r int out t h is plot . W here are t he ¯ xed point s? A re t hey at t ract ing, repel l ing
or degenerat e?

E x er c i se 2 ( a q u i ck g l an ce at ch ao t i c b eh av i o r ) A s we prev iously not ed, cont inu-
ous 1-D ° ows can not exhibi t chaot ic b ehav ior . H owever , com put ers do not plot
t h ings cont inuously : t hat would be im possible (why?) . T hey \ cheat " and chop
up int ervals int o ex t rem ely sm al l p ieces ( l i ke a R iem ann sum , for t hose who have
t aken calculus) . W hat we usual ly see is a good discret e-t im e approx im at ion t o a
cont inuous ° ow . W e shal l see lat er t hat discret e-t im e dynam ics can exhib i t chaot ic
behav ior even in one dim ension. T o t ake advant age of t he cheat ing com put er , set
up t he ° ow as descr ib ed in F ig.3 and F ig.4. P lot p opulat ion w i t h a sensi t iv i t y
analysis for r using 3 values ranging from 7 t o 12.1. P r int out t h is graph and not e
t hat t he behav ior exhibi t ed is not al lowed by cont inuous 1-D ° ows.

E x er c i se 3 ( an i n t r o d u ct i on t o M A P L E ) D ownload t he m aple worksheet from t he
webpage. T his worksheet plot s t he vect or ¯ eld cor rsponding t o (1) . E xp er im ent
w i t h di®erent values of r , K , and t he ini t ial condi t ions.
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