
eapts : X = & 1
,
4

,
7

, 83

f'(X) = - (X-7)(X- 4) - (x-8)(X-4)(X- 1) - (x - 8)(X-7)(X- 1) - (x-8)(X-7)(X-4)
f' (l) = -

18 +25 = 778 - not stable

f (4) = -3648 - Stable
stable equilibrium pts

f (7) = 1670- not stable X= 54 , 83

f'(8) = -

28/0 - Stabl

ea . pts:== = 0

1 - 3X = 0 + 3x = 1 + y+z
1 +y+z

X = 1 +y +z
1 - 3y = 0 - y = 1++z 3

1 + X+z

1 - 37 = 0 + z = 1 +x+Y
1 +X +Y 3

use X=

y=z = S 1-3 = 0 1 = 35

(symmetry) It2S

S

an eqpt (1 . 1 , 1) 1 +25 = 35

S= 1 + (X ,Y , z)
= (1 ,

1
, 1)

3A 3a = 1 + a+bsay x= y = a
,
z=b + a +b

=O
2a = Itb

Since a= 1 ,
b= D= 29 - 1

the only eq . pt is (1 . 1 ,1) 1 - Pa = 3b= 1 +29

↑ a= 1
,
b = 1

3(2a - 1) = 1 +2a



Ga -

3= 1 +29

Jacobian 49 = 4
A= 1

Use f(x) =

1-3X Talothers followseset

zf=
- 3

8X 1 +y+z

-33X 27 = 3X
-

| +y+z (1 +y+z)(1YzR ·Y (1+y+z)

3)
-3 34

J(Xi,z)= (1 +X+z) ( +y+z (1+X+z)2 +z
37 37

(1 +X+y) (1 +x+y(2 -Ex+ Y

T( .
1

, 1) =[I Eigenvalues
dat (A-x1)= 0

used maple : x = [5 ,**

↳ all negative -> Stable eq. pt (1
.

1
,
1)

set== = 0

1 - X = 0 + x= 1 + y +z

1 +y+z

1Tz

= 0 - Y
= 1 +x + z

1 - z = 0 - z = 1 +X +Y
1 + X+Y x= 1 - 1 - 1 = x=

X = 1 + 1 +y+z + z + -2 = 2z- z = -

( = 1 + 1 + y+ +y - - 2= zy + y
= -

+q. p+ &(- ,
+

,

-)

f(x) = 1 - 1 yy+z

= +z3teotm pattern



- I

1 +y+z (1+Y+z)2 (1+y+z

5H
,
-1

,-) + y ]J =
citx+z I k+z litY+ z2

1 + 1=
Z

(1+ X+y(2 (1+x+y+x+ y det(A -<1) = 0

since the eigenvalues are X = 5-1 , 2
, 23 (1)

*

(t)det[[x) + 21
**

(1) det[], in]and 2
,
2 aren't negative ,

this pt is

+ ()
+

3 (1)det [ii]
(1-x)((1-x) - 1] + (2-x) + (-1)(2-x) = 0

-
3

+ 3x2 - 4 = 0
- (x + 1)(x2 - 42 +4) =0

- (x+1)(x -2) = 0

1=5- 1
,
2

,
23

N : bacterial population
C : nutrient (food) set= = 0

&,82 : biological parameters
Y

2 a, - N = 0=a - N

C+an = a , (N - N

at a, = NF+

45 f+ / If N = 0=- + A

df =
- fN - C + A2

at C+ +f==

an ea . pt - (a .(a) , all Capta (0,5)

Jacobian

(2(512) -5 -1) , 2 ) Ca .
- C - 1

J(N , f) = J(C+ 1) 2-↓ N

eapta(8 , 1)
-

(C+ 1)2
- 1

())( - 3-x)+2 = 0
[1

.
3)= (-] ( -x)(1 -2)+ 0 = 05(8

, 1 = [ 3] 12+37 +2= 8 x =(1 - 13
(x + 1)(x - 2)=0

x =E- 1 , 23 -> unstable unstable
blo =30


