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Homework 24

1 I didn't do anything wrong but ran out of

time for algebraically solvingKii) ✗ (t)
--0=-51-2-15T

(would have gotten it with 20 more seconds)
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✗
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(07=0 = C

✗
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(f) = 5 t4 -1C

✗
'
(6) =D = C

✗ (t) = Este

✗ (a) =D -_ c

✗ (2) = 25 = 32 meters away from starting point

after 2 Seconds

3 act) =
-

g =
- 9.81 = ✗

"

(t)
✗It

✗
' (E) = 0

,
✗ (01=0 I

b -
g

✗
" (f)= -9.81 ⇒ ✗

'
(t ) = -9.81 1- + c

✗ icon :c = 0 "° ?⃝ | -loom
✗ (f) = -9¥ t
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✗ (6) = =c

✗(f) = -9¥ £2

-100 =

-9.81

2- C-
2

C- = ¥85 = 4.515

(i ) Ball reaches ground after 4.515 seconds

p 2mV
= Zmx

'
(t)

(ii)
•

b - g

✗
"(t) = Zmx

' /t) - g ,
✗

'
(01=0

,
✗ 101=0

Find t when ✗ = -100

From dsolve:(maple code attached to end of doc
.)

✗(f) =
- 981 e.

2M£

400m ?⇐
+
981€ + 984
200m

plug ✗ (E) = -100 t solve for t

From Maple:

1- = - 40000 MZ -1 981 LambertWfe
"FFI -1) + qg,

1962m
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4 (a) Discrete-time dynamical system is one when we only
need to know what happened yesterday (is a Function

of what happened yesterday) of is of form ✗ (n) = Fun-111
,
✗ (b) =D

(b) For an orbit of a discrete - time dynamical system ,
we ploy in

f- (✗ In -1)) into F again .

For example, if h1estwt@xC0t.xo
,
our

orbit looks like Flo
, -9×01 , f- (-51%1) , FCFCFCX.))) , . . .]

IF we start @ ✗ (n) = Xo t go to n=K
,
ha

get [Xo , f- (Xo)
,
FCFCX

.))
,
FCFCFCXO)))

,
f- 4 (Xo)

,
. . .
f-
" (Xo)]

(c) I'm a little confused by what
"

notion of an equilibrium

solution" means. But an equilibrium solution is one kihen

if we start @ it
,
ow orbit hull always remain there

.

For discrete systems
,
Ku find it by setting Fcx)=X

,

while G- continues time we get FCX) =D

(d) A stable equilibrium solution is one that

we always return to Kii thin a neighborhood

of the stable Fixed point . We find it in

discrete time
, tie see if /F' (X)/ < I ⇒ if so

, it's

stable . For continuous time
,

if f- ' Cx) is negative it's stable .

(5) (a) To numerically locate SFP
,
we compute

the orbits E- high numbers of n
.

IF

Kie V52 Maple Command
,
bye could look

@ n between 100 t 1010 to see kiher

Our orbit ends up for various initial

conditions . If the number is not changing ⇒
stable Fixed point

(b) To Find set of Fixed points, set FCN:X

& solve F- ×
.
For example, if FCX) : ✗ ( 1-×)?

he set ✗ = ✗ (I - xp ⇒ ✗ = 0,2

(c) For SFP
,
we compute F' Cx) ⇒ if absolute

valve < I ⇒ stable
. F- each ✗ (fixed

point . For Flx) : ✗ ( 1-×)2 ⇒ f- 4×1=1-4×+3×2

f- ' (g) =/ ⇒ semi -stable

f- ' (z) : 5 ⇒ unstable

(d) (it ✗ (n ) = ✗ In - 1) + I
-

✗ In - c) -12

f-(x) : XII
✗+2

a) SFP From Maple: 0.6180339888



b) ✗ =

9¥
✗ 2-12✗

- X - I = 0

✗
2
+ ✗ - I =D

_i±É
= ± ¥ ⇒ Fp = {- E - E, -¥ -1¥}

(c) SFP :

F' cm = ¥2 -

In mapu, plug in ✗ =
- te - ¥

,

-

{ +¥

f ' f- E- ¥) = 6.854 ⇒not a ⇒ unstable

f
' ( - & -1 %) = 0.146 ⇒ < I ⇒ stable!

Sfp = { - { + Bz } = 0.6180339880

matches result from Orb!

(ii) ✗ (n) = { ✗ (n - 1) (I - ✗ In-11)

f- (✗ 1-. § ✗ ( I - X)

a) From Orb:

SFP @ ✗ = 0.60

b) ✗ = {✗ a -x)
✗ = { ✗ - 5-2×2

§ ✗ 2- {✗ =D

✗ ( {✗ -E) =D
✗ =D

, § ⇒ Fp = {0
, } }

(c) F' 1×7 = § - 5✗

f-
'

( O) =/ {I ⇒ not a ⇒ unstable

f.
' (3) = § - 3 =/- t/ < I ⇒ stable!

SFP = § } } ⇒ match, orb!

Ciii) ✗ (n) : Izxcn -1) ( 1- ✗ In-a)

f-G) = Iz ✗ ( I -x)

a) From Orb : doesn't seem stable ⇒ goes between
0.8269 → 0.501 → 0.875 → 0.383 → 0.827 →

-
- -

b) ✗ = I ✗ a-x) (c) F'G) = Iz - 7- ✗

✗ = Ix - Ix ' F' (g) =/I/ Knot a ⇒ sons table

7-2×2 - { ✗ = ✗ F' (G) = f- Id not a ⇒ unstable

✗ (Ex - §) =D
SFP = { } ( empty set)✗ = 0

,
¥

FP = { 0 , § }
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First Written: Nov. 2021 

This is DMB.txt, A Maple package to explore Dynamical models in Biology (both discrete and 
continuous)

accompanying the class Dynamical Models in Biology, Rutgers University. Taught by Dr. Z. 
(Doron Zeilbeger) 

The most current version is available on WWW at:
 http://sites.math.rutgers.edu/~zeilberg/tokhniot/DMB.txt .

Please report all bugs to: DoronZeil at gmail dot com .

For general help, and a list of the MAIN functions,
 type "Help();". For specific help type "Help(procedure_name);" 

------------------------------
For a list of the supporting functions type: Help1();

For help with any of them type: Help(ProcedureName);

------------------------------
For a list of the functions that give examples of Discrete-time dynamical systems (some famous),

type: HelpDDM();
For help with any of them type: Help(ProcedureName);

------------------------------
For a list of the functions continuous-time dynamical systems (some famous) type: HelpCDM();

For help with any of them type: Help(ProcedureName);

------------------------------

Orb(F,x,x0,K1,K2): Inputs a transformation F in the list of variables x with initial point pt, 
outputs the trajectory of

of the discrete dynamical system (i.e. solutions of the difference equation): x(n)=F(x(n-1)) with x
(0)=x0 from n=K1 to n=K2. 

For the full trajectory (from n=0 to n=K2), use K1=0. Try:
Orb([5/2*x*(1-x)],[x], [0.5], 1000,1010);
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Orb([(1CxCy)/(2CxCy),(6CxCy)/(2C4*xC5*y),[x,y], [2.,3.], 1000,1010);

6.854101940

0.1458980339

0.6180339880


