FirsE we {find  the  solwdion  auobhemaftically .
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lim N = K.
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We see £ht: ,
.\NhQr\ NQ>K ) Jcha 'p\’)P\}.LQELD\m c'ecy&dées

asSympkotically towwds K
- when No <X, the pOPu»(,OLEL(OY\ DN C reases
towards  tHe  palue .

* when No =X the POP\»LCL{:Lbﬁ s
constnl  and equal b K. (This (Y €SP
T the cConsbant solublon NI =K f de DE)
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Solution ©oF T N Wtic DE witsy Ny T o.
AL~ N (I N) ’\’|\<L funcon NG =0
15 OL CANSTNN So)wtion .

\}\/\n J+t CLQQ/S -E\hz, l)bta lstie € q ud,Jc he)'p)

o (18

/'meL‘-é sbout  the Populetion gm\/\'{h?

ACC::S\M%NJJE &, the per caples
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N
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- EQUILIBRIA  AND STABRILITY

The DE or exp. Growwth ‘%J.r\'Jr:FN)
the [oyietic <q. %.:PN(M—-L\/K—-J/

’[‘\~Q VON Ber—k:zldﬂﬂfy DE e oll -QXOVmP\Q,S
ot  Autonoyows DE’s

%3% — %69) ()

(Onsidec an awtonemous DE of He form ¢¢)
\Ve S0y that e  contant  function
Call = 0 ‘
o'mjcé equilibriuwm  ©r &i\mpt\& equl —

15 QL
ibriwy)  of the DE &) If
9l9) =0

D(Ump\ef JE{(‘Q&DE\\Q po‘Lﬂ‘t equiltbrio of
y' = 2ly+dly-2)

'T'h\ﬁ s, o DE of {hke Hfom 1@’1 gly )
with  gly) = 2ly+1)ly-2).



N oder to fina tre pom% equilibna
of- e DE We  solve
gly) =0 &  Uy+1ly-2) =O
e y=- O %:2,

The =quillbns Qi the two fundhions
y)==1  ond  y)=&

N\ .
REMARK ¢ MHer Yool only & symbs).
W Cowld  have ” gaid  3put  the
funck o
\ i) = & |
L on equiltbrivn 1§ and  only If
qley =0,

\I\/hlg o these funcHons  culled equiltbax !
£ we sobe tle DE W = glw)
(where (8 an  equilibriam) , %NZV\ n
W {ftnad e Gonckamt  sobetion \3 Y.

INdeed ot tme © the q\mneft? Y Bg
ond  (t) 8(\3th\ rate. (A %%:88) =0



(et w rebtum fo tte Jbgisfic equstion

ﬁ%L; m\r( “%)

Thik [{ on  awkovomsw DE U/:8L33
with

Q) = 1 19\

3% 3 (2= )
ECQ\L\LUOYLU,:

glyy = °© & 6’10 or \d—:K
The point equilibtt ae N=0O ot N=K

We  None seen b i e (nitiel

iDpU.LG/EL\QY\ ’L% ND?O or ‘ND:'K, thewn
\\Q p\')PuLLCLJC 2 Wl remaim  Constant

Exvamoe: Find 4l wilibne of He DE
p S =6

Yy = LEQJH\)%-
. gtg):cj%))&
qy)y =0 S \&:D.

o the Po’wﬁ“ QquLLLbrﬂv\m of it DE ¢
‘dt&)—:@.



We oy  inteested Nt
S‘EC‘JOLLI‘,‘EB o\C POL(H: eq\MLme\i ofF
tle OF \0 = oly).

Assume A IS on  equilibriam  of %/:9@)‘

o %( ) <O then Lhe

Q.O]uLL v U Ls  galled
LQCQ,LLti ctable

hd 116 g( ) >0, then the equdilioriwm
‘ﬂ LS %cc/bued unstable .

1Y H(O)tg ) ﬂ\q,/\ggtuéion of 4le DFE
U\/‘l H e H (,-E = 3 ,

\/\/\(\Qd: hdpp@ﬂs o the  solwtlon of He DE
€ We c\n&n the (nitlal conaditlon 4o
LJCO) % (wWhete S s dl SYmall mmber)?

_\}\}\T\eh 'H‘Q, GC(\MLLlOVU\wh \'5 \\QCQL[ld, 54‘\15\6/
+he. new  Solwkion \/Uc \/\/l s\“Uusg

%\\m 86{:)

Seg
— \Wwhen £ ecgwu\onwm U 13 unstabe
the new solwtlon AU ok Lend

tows \6



E}(Umple,s: (1) CQYIS‘LCJQ,F 'H‘Q. DE %\%’ — %L‘a-*—l) .

What dr  He eguilibda of ¢niy DE’
Classify them  according o stability.

o« This s a DE %%:9433) with

C&C}j) — %634—1) _
We £ind tke equilibra:

ly) =0 & (ux1) ZTO
0 = 1@30 R  y=—1.

Equitibris + Yy &6)=0  ond  Yp)=-1
Aty = (y2+y)Y = &y+1.

QOI(D) = 10 > 0O ) B0 \dl‘:O |‘5
AN nstalde pot eq.

%’(‘i§=~1 <O, 50 Yp=-L 15 o
locally stable point
equiLiomum |



(/{i) Fing +ho skqbitit\d of He equitibda of
the (ogittic eguation
aN_ _ rN(iy_I:/_)
<

de ~
Exploun  what stability means Tor e
Populabion N lt).

° C.ji\l_.~ e (. = _,i .
T = g(NJ)  wh a(N ) PN(] \<>
8(1\!):0 = N=O or N=K.

g _ N
y(N) = r(l-Jr;'_> _rN

<
= - - QL& .
K
6’(0):\(\>D . N=0 15 an unsteble eq.
g(K)=-r <0 : N=K i o Jocally suble e,

when  we pertwb  the niblal enditton No= O
by o senall quontity , tle popwlation N ()
Wll not ewole towadids  the diYechbon oF r@éumma_
4~ O.

K 4




ONn 4he contung , ¥ we petub the
ANl - Condition  Ny= K ) the populsbion
will  fy  to petem & K.

No
K——f qu’xﬁ—" Kf?‘v—\\.—v—-\-v -~
e ]
A Wy 10 +think ©f Jo c\\LLLy S‘(:d,b

ond U stolble, equorzhm Pmﬂ‘rs:

A Dol

unikable [ocally  clable
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The SﬁubZL‘Lt&j =L equibibrﬂum Poivﬁrs
Coan olso e  Ffound gruphioullkah

for the aulonemsuws DE  du — gly) ;
at

» We plot the graph of gly)

M /5@

Y Yo 7Y

» The equilibio. of ¢tte DE o the
points of (ntemectn of B graph of 5(y)
with the  horizontwl axis (solutlons of 9@):0)

N t\‘Q Q,dep](i okIOO\rQ) -}’heg e Y=y, 8 y=yp, .
« £ ﬂ\%\ “function /\@Lg) K 'mcreovsﬂ%

Near y , then Y is unstable.
IF SLgS s dedtling newr Yy then
PR locally  stalble.

N "C}\& @Q\’?meha) 1S ‘Q}OC\’LLLH\ stable,
while Uy, ¢ unstable.

(see Exome 3, pase 419)



« THE ALLEE EFFECT

SoMe Pb_puldfcéoﬂg hae obshade  wn  reprodudiy
wher\ t\@tr Y\u\m\oers Qe swu,u, cause  of

[Qck of  suitabe pstes.

A growth mnodel that taley hn Judt ks
Allount !

.erg - r N(N‘Q)(i h,\tf_>

N(o) = Np

O_) K} r >0 ° ijit‘LV‘e Con skants
D<a< K bU 0.5¢wmption

K —H’\Q, A ry N\a. C‘upaclt
a : thiy consbunt [y the = treshold \ouluwe
below which the gr\mﬂc\h nte  becomes

he Lbu)ot\/e.



