
Homework for Lecture 7 of Dr. Z.’s Dynamical Models in Biology class

Email the answers (as a .pdf file) to

ShaloshBEkhad@gmail.com

by 8:00pm Monday, Sept. 29, 2025.

Subject: hw7

with an attachment hw7FirstLast.pdf

1. For each of the following non-linear (quadratic) first-order-linear recurrences

(i) Determine all steady-states

(ii) decide which of them are stable

(iii) test it empirically, by taking a number close to each steady state, using either a calculator of

Maple, find its orbit of length 10 and verify that for stable steady-states, the orbit is attracted to

it, but for the unstable ones it runs away.

a. x(n+ 1) = 5
2 x(n) (1� x(n)) .

b. x(n+ 1) = 29
10 x(n) (1� x(n)) .

c. x(n+ 1) = 31
10 x(n) (1� x(n)) .

2.: For each of the following non-linear (cubic) first-order-linear recurrences

(i) Verify that the given points are steady-states

(ii) decide which ones ones are stable

(ii) decide which of them are stable

(iii) test it empirically, by taking a number close to each steady state, using either a calculator of

Maple, find its orbit of length 10 and verify that for stable steady-states, the orbit is attracted to

it, but for the unstable ones it runs away.

a. x(n+ 1) = 1
5 x

3 � 6
5x

2 + 16
5 x� 6

x

Set of steady-states : {1, 2, 3}

b. x(n+ 1) = 1
8x

3 � 5
4x

2 + 39
8 x� 15

4

Set of steady-states : {2, 3, 5}



please don't post !

a) X (n + 1) = ex (h) (1 -X(n) ii) fi(x) = z - 5X

H0F( = EX1
. X = 0 is unstablei) ↳ underlying function : f(x)= x(1-X)

Solve X = f(X)

H'(z)Flz-s(z)) = l = t < I
. X =5 is stableA

the steady-states are
1 - z = -EXX= 0 and X==
=

-EX

= x

vii)

X(0) X() ...
X(10)

N) XI ... X(10)

for orbit (0 .
01

,
10) = X=

0 is the ss
, length 10 shows it is diverging away from 0

.

So
, it verifies

it is unstable .

far Orbit (0 . 7
, 10) => X= 3 is the s , length 10 shows it is converging back to 0 . 6= 5 .

So
, it verifies

that it is stable .

b)i)X(n + 1)= x(n)(1 - x(n)
↳ underlying function : f(x)=3 X(1-X) <-

the so are X=0 and X=solve X= f(X)

NEX
1 -3 =

-2X



ii) f'(X) = 29 - 29X

If (0)) = 181 = unstable

If)) =1-F- = stable

iii)

for orbit (0 .
01

,
10) = X=

0 is the ss
, length 10 shows it is diverging away from 0

.

So
, it verifies

it is unstable .

far orbit (0 .
66

, 10) => X= is the s
, length 10 shows it is converging back to 0

.65= ·

So
, it verifies

that it is stable .

di)X(n +1)= = x(n))) - x(n) ii) +'(x) = 3) - 3X

↳ underlying function : f(x)= 36x(1 - x) If(03) = 5631 = unstable
solve X=f(X)

X= X)1 -x) If/-= =t > 1 unstable

sare X= 0 and=1 =3 - 3X
1 - 3 = - X

- = - 3x

= X

iii)

for orbit (0 .
01

,
10) = X=

0 is the ss
, length 10 shows it is diverging away from 0

.

So
, it verifies

it is unstable .

far orbit (0 .
07

, 18) => X= is the s
, length 10 shows it is diverging away from 0 .677= So

, it verifies
that it is unstable.



S

2)

a) X (n+ ) = (gx3 -

GX2 +1x-Gf'(X)= 3x2 -

22x +1
SS: X = 1 SS : X= 2

=- = -(8) - -(4) +1(2) - 5
=1 -1 = -z + 3 -

X =

-
= (

(f' (l)) = 13 -

5+ X = 2

= -11 unstable

(f'(2)) = -(4) --(2) +1
SS : x = 3 =g(27) - -(9) +16(3) - 5 =-

=2- = Stable

X= f(x) -
= 3

3 = f(3]

(f'(3)) = = (9) - -(3) +1
=2-
=I unstable



unstable
as itdiverges

away from 1
.

&

-> Stableemerges
back to

2.

↳ unstable
as it diverges
away from

3

b) X(n + 1) = jx3 -qx + 3x, 4 f(x) = =X2- EX +3

Ss : x = 2
=s(8)- (4)+

Six = 3 = (g(27)--(9) + =(3) -

7
- = 3

- *
|f'(2)) = =(4) - -(2) +2
= (f(3))= =(9) --(3) + 3

= Hg >1 unstable = Establ
SS : X = 5

=(((25) - q(25) + 3/5) -t
X= f(x)

= S

S = f (s)/

(f'(S)) = = (25) -E(5) +3
=>1 unstable

unstableasitfrom
2

↑

X staberges
+o 3

.

unstable

diverges awayis


