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' (a) ✗ (n) -_ ✗ (n - c) ( § - ✗ In -21)

(i] Convert to first-order system

{
✗ zlnt-x.cn - i)

X.cn) :X ,
(n - 1) (§ - Xzcn -1 ))

ii Equilibrium Points :

z = z (§ - z)

2- = § z - z
2

-22 - Zzz = 0

z=0
, § ⇒ (0,0) , (2-312-3)

iii Let × , In- c) = Z ,
& ✗

z
In - D= Zz

(Z , , Zz) → (Z , ( § - Zz) , Z ,)

J =

(Fz, fzz ) = ( §
- Zz - Z

, )
I 0Gz , Gzz

(0,0) ⇒ I :( § 0 ) ⇒ ✗ = § ,
0
.
Both not less than 1 in absolute

1
valve ⇒ (0,0) is unstable

(3. 3) ⇒ J= ( 1,
- %e) ⇒ f ," I;) ⇒ a-akin }

dit ✗ 2- A + }

i±F
= 's ± -5¥.

Absolute value :(t!Z 0.817

This is < I ⇒ (Fi 's) is stable

equilibrium point



①
b) ✗ In)= ✗ In - 1)(2- ✗In -27)

{Xzcn)= Aln
- 1)

×
, (n)

= ×
,
Cn - 1) (2- Xzcn -17)

ii 2- = 2- (2- z)

2- = Zz
- ZZ

ZZ - z =D

2- = 0,1 ⇒ (0,0/1) , ( 1,1 )

( z , > Zz) → (Z , (2-2-2) , Z, )
J= ( 2- Zz

- Z
, J1 0

( 0,0)⇒ J :( 2
,
g) ⇒ 11=0,2

Both not < 1 in abs
. value ⇒ (0,01 Unstable

Chi)⇒J=( 2 -1) ⇒ der / 2? / = (2-414)+1
I 0

✗2-2/1*1

"" "H - D

✗ =L
,
I

sine this is not < 1
,

( 1. 1) is unstable

Orbk (K
,
Z
,
f
,
INI

,
ki .kz)



2 ✗ (n) = ✗ (n - 1) (a- ✗ In - c)

TO first order :

{ ✗zfnt-X.cn - it

✗ int. X ,
Ch - 1) (a - Xzln -17 )

Equilibrium points:

2- = zfa - z)
2- = za - -22

2-
2
-1-2-(1-9)=0

z[z + a - a)] =D
2- = 0

,
a -1

(z , , Zz) ⇒ (Z , Ca - Zz) , 2- g)

J=( a - Zz - 2--1 ) ⇒ det [a - Zz- d
- Z

,

1 0 ,
- a ]

Ka - Zz)-d) 1-d) + Z ,

✗2- (a -2-2)✗ + z , =D

(a- Zz)±FaÉ4( * a-

(0,01 ⇒ 5- ( a 0

,
) ⇒ a- 0

, a

↳ (0,0) stable Kinen as 1

(a -1 , a - 1) ⇒ J= ( -1 A -9

I ) ⇒ detftd
1-a)

I
-A

f- 1- d) C-d) - a - a)
✗2 + ✗ + (a- 1) =D
- I ±FÉ
=

_1±a= - {± 5T¥

Stable whenJÉ) < I
-

: < I

=

F- < i F-ua.cz
6- 4 a 44

254A
& < 9 for stability



4 a) ✗
' (t ) = ✗ (t) ( 3- ✗ (t) ) ( 5- ✗ (t))
Flx ) =(3-× ) ( 5-x)

= (15-8×-1×2) =D
✗ = 3

,
5 (equilibrium points)

f-
'

(x ) = 2×-8

✗ =3 ⇒ F' (x ) = -2 ⇒ stable! (negative)

✗ = 5 ⇒ F1 ( X ) = 2 ⇒ unstable (not negative)

plot (Dis 1 / F, y, yo , h , A)
\

20[
0.01

b) ✗
' (t) = ✗ (E)213 - ✗ ( t)) ( 5-✗ (a) (7- ✗ a-1)
F(×) = ✗ 43 - x) (5-✗117 - ×)

↳ Equilibrium: A- 0,0
,
3,5 ,

7-(
Fe) : ✗ 21×2-8×+15717 - X)

= (✗ 4- 8×3+15×2) (7-×)
= 7×4 - 56×3-1105×2 - ✗ 5+8×4 - 15×3
- -

- -

-

= - ✗
s -115×4 - 71×3+105×2

f-
'
(X) : - 5×4 + 60×3 - 213×2-1 210 ✗

✗ = 0 ⇒ Fkx) = y ⇒ not negative ⇒ unstable !

✗ =3 ⇒ F' (x) = -72 ⇒ stable!

✗ = s ⇒ flat 100 ⇒ unstable

✗ = 7 ⇒ F'a) = - 392 ⇒ stable!
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 HW3(u,v,w), HW2(u,v) , Dis1(F,y,y0,h,A), ToSys(k,z,f,INI) 
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