Differentiallignings-modeller Side 1/15 Steen Toft Jergensen

[Differentialligningsmodeller

Y Eksempel 56 side 66-67 i bog A

| > restart

| Differentialligning af typen 1 s&tning 12.

> DiffLign == u'(t) =0.2 —0.001-u(¢)

i DiffLign := D(u) (¢t) =0.2 —0.001 u(2)
> dsolve(DiffLign)

t

i u(r) =200 +¢ ' ¢
> dsolve({DiffLign, u(0) =100})

t

i u(r) =200 —100¢ '
B dsolve( {DiffLign, u(0) =200})
i u(t) =200
> dsolve( {DiffLign, u(0) =300})
t
1000

u(t) =200+ 100 e

=> plot({rhs((1.3)), rhs((1.4)), rhs((1.5)) }, t=0..2000, y =0 ..400, color = [ red, purple,
green), labels = [ t, "fosforindhold i se@" ], gridlines)
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| :Den stabile ligevaegt er 200.

Y Eksempel 57 side 68 i bog A

| > restart
| Differentialligning af typen 1 s&tning 12.
| > DiffLign = y'(t) =-k-(y(t) —u0) :
> dsolve(DiffLign)
y(t)=u0+e " _CI

| Temperaturen nzermer sig 0, nir tiden gér.

Med starttemperaturen y,:
=> Betingelse == y(0) =y, :
=> dsolve( { DiffLign, Betingelse})
(1) =u0+e™ (yy—u0)

V¥ Eksempel 58 side 69-70 i bog A
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| > restart

| Differentialligning af typen i s&tning 14 (linear).

> DiffLign = y(%)-y'(t) =0.34 —0.013 ¢

DiffLign = %()Z)M =034 —0.013 ¢ 3.1)

[ Linezr differentialligning:

L '(¢) =034 —0.013-r < y'(t) = (0.34 —0.013-¢) -y(¢) < y'(¢) + (0.013-1 —0.34) -y(¢)

y(1)
=0
Dvs.
a(t)=0.013-r—0.34
b(t) =0
:Fasediagram:
> plot(rhs(Diﬁ{Lign), t=0.50, gridlines, labels = [t’"y(%) y'()"|, colo;’:blue)
0.3
0.2
ly(®)*y '(t)
0.1
0 T .
10 20
-0.17
-0.21
-0.31

=> solve(rhs(DiffLign) =0, t)

26.15384615 3.2)
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> dsolve(DiffLign)

_1(-680 + 13 1)
i yy=_cre 2 (3.3)

> Betingelse := y(12) =156000
i Betingelse := y(12) =156000 34

> dsolve( {DiffLign, Betingelse})

_1(-680 + 13 1)
156000 ¢ 2%
125

i e

> evalf (%)

(1) =6725.161953 0000500000000 (~680. + 13.1 3.6)

B v = unapply(rhs((3.5)), t)
£(-680 4 131)

B 2000
156000 e
Y=t = 3.7

125
e

B plot(y(t), t=0.50, color = blue, labels = [, " Antal skarver"], gridlines)

500000
400000
Anuﬂskmvmf300000_

200000 1

100000




Differentiallignings-modeller Side 5/15
> maximize(y(t),t > 0, location); evalf (%)
289 289
156000 e © 340 ) 156000 e ©
ECERN | TR 7]
125 125
e e

\ 4

573644.4925, {[{t=26.15384615}, 573644.49251}

_Dvs. antal skarver er storst efter ca. 26.1 ar

> lim (1)

:Dvs. skarverne udder pa lang sigt.

Eksempel 59 side 70-71 i bog A

\ 4 b) Fuglene spiser 10000 insekter om dagen

| > restart
| Differentialligning af typen 1 s&tning 11.
> dsolve(N'(t) =k-N(t))
N(t)=_CIé"

Fordoblingstiden er 3 (uger). Dvs. =2 e k3= In(2) < k=

3

> k=evalf(ln(3i)

i k=0.2310490602
10000 insekter om dagen svarer til 70000 insekter pr. uge.

;Differentialligning af typen 1 s@tning 12.

> DiffLign := N'(t) =0.231-N(¢) — 70000

i DiffLign := D(N) (¢t) =0.231 N (¢) — 70000
> Betingelse == N (0) =250000

Betingelse := N (0) =250000

> dsolve( { DiffLign, Betingelse} )

N (t) =303030.3030 — 53030.30303 ¢

:> N = unapply(rhs((4.1.5)), t) :
> N(1)
231¢

10000000 1750000 ¢ %

33 33

:Hvornér udder insekterne?
> tMAX = solve(N (t) =0, t); evalf (%)

In(2)

231¢
V(1) = 10000000 1750000 ¢ '*%
_ 33 33
> evalf (%)
f ’ 0.2310000000 ¢

Steen Toft Jergensen
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40
1000 In[ 29
000 n( ; )

231
7.545321667

tIMAX =

> plot(N (1), t=0.tMAX, color =red, labels = [ t, " Antal insekter" ], gridlines)
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[ Dvs. insekterne udder efter ca. 7.5 uger

d) Fuglene spiser 5000 insekter om dagen

| > restart
| 5000 insekter om dagen svarer til 35000 insekter pr. uge.
| Differentialligning af typen i s&tning 12.
> DiffLign := N'(t) =0.231-N(¢) — 35000
i DiffLign := D(N) (¢t) =0.231 N(¢) — 35000
> Betingelse :== N (0) =250000
Betingelse :== N (0) =250000

=> dsolve( {DiffLign, Betingelse} )

Steen Toft Jergensen

4.1.8)

@4.2.1)

4.2.2)

A A\



Differentiallignings-modeller Side 7/15

\ 4

231¢

_ 5000000 3250000 ¢ ™
33 33

N (1)

> evalf (%)
N(t) =151515.1515 + 98484.84848 ¢ 23100000007

(> N = unapply(rhs((4.2.3)), 1)
231t

B 5000000 3250000 e 10
Ni=te =+ 33

1.2 x 10°7

1. x 10°1

8. x 10°7

Antal insekter ¢, x 105'

4. x 10°

2. % 10°1

0+——T————
0 2 4 6

:Dvs. antal insekter vokser eksponentielt.

Eksempel 61 side 74-75 i bog A samt evelse 308

|:> restart
[Differentialligning af typen i setning 13 (logistisk).
> DiffLign := N'(t) =0.000088-N(¢)- (1700 — N (t))
DiffLign := D(N) (¢t) =0.000088 N (¢) (1700 —N(¢))

10

Steen Toft Jergensen

4.2.3)

(4.2.4)

4.2.5)

> plot(N(t), t=0.10,y=0.12- 106, color = green, labels = [t, "Antal insekter" ], gridlines)

(5.1)
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| Fasediagram:

60+

40-
N'(t)

201

Side 8/15
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04—

_20_

_40_

(> Betingsel == N(0) =250

=> dsolve( { DiffLign, Betingsel })

> evalf (%)

:> NI = unapply(rhs((5.3)), ¢) :
> NI(1)

(> Jim NI(1)

N

500 1000
N(1)

Betingsel := N(0) =250

8500
1871

1250

N(t) =

5429e¢

8500.

)=
5 429 o 0-14960000001

8500
1871
1250

5+29e

1700

1500

2000

> plot(0.000088-N- (1700 — N ), N=0..2000, gridlines, labels = ["N(t)","N'(¢)"], color = blue)
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Population

> N2(1)

(> Jim N2(1)

3000

2000 -

1000 -

0

[> P2 = plot(N2(1),1=0..50, =0

Side 9/15

Steen Toft Jergensen

0 10 20 30 40

_> Betingse2 := N(0) =1700

Betingse2 :== N(0) =1700

> dsolve( { DiffLign, Betingse2})

N (t) =1700

:> N2 := unapply(rhs((5.8)), ) :

1700

1700

50

> PI = plot(NI(t),t=0..50,y=0..3500, color = green, labels = [t, "Population"], gridlines)

(5.7)

(5.8)

(5.9)

(5.10)

..3500, color =purple, labels = [ t, "Population"], gridlines)
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Betingse3 := N (0) =3400
Betingse3 := N (0) =3400

dsolve( { DiffLign, Betingse3})

N(t) = —138‘71%
e_TSO —2
evalf (%)
N() = - 3400.

-0.1496000000 ¢
e — 2.

N3 := unapply(rhs((5.12)), t) :

N3(t)
3400
o187
e 1250 _»
lim N3 (1)
1700

Differentiallignings-modeller Side 10/15
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(5.11)

(5.12)

(5.13)

(5.14)

(5.15)

P3 = plot(N3(t),t=0..50,y=0.3500, color =red, labels = [ t, "Population"], gridlines)
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;> with( plots) :
> display(Pl1, P2, P3)
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¥ Eksempel 62 side 7S i bog A

| > restart
;Differentialligning af typen i s@tning 14 (linezr).

> DiffLignl := u'(t) =2.5 +2-sin(2-7-¢) —0.2-u(¢)
i DiffLignl := D(u) (t) =2.5 +2sin(2w¢) — 0.2 u(¢) 6.1)
> dsolve(DiffLignl)
t 5(40mcos(2me) —500 % —4sin(2ms) —5)

u(t)y=e > CI — . (6.2)
i 2 (1007 +1)
> Betingelse := u(0) =0
i Betingelse := u(0) =0 (6.3)
> dsolve( {DiffLignl, Betingelse})
t
Se 5 (-500m +40n—5) 5 (40mcos(2ms) —5001 —4sin(27m) —5)
u(t) = — 6.4)

2 (1007 +1) 2 (1007 +1)

> evalf (%)
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u(t) = -12.18201230 ¢ 020000000007 _ ) 3179876972 cos(6.283185308 ¢) + 12.50000000  (6.5)
| +0.01012186277 sin(6.283185308 1)

:> ul = unapply(rhs((6.4)), ) :

(> ul(1)

t
se 5 (5000 +40m—5) 5 (40mcos(2ms) =500 —4sin(2m) —5)

(6.6)
2 (1007 +1) 2 (1007 +1)
> tli_r)nwu](t);evalf(%)
5(-500n’ —40m—9) 5(-5007 +40m—1) 204200
4 (1007 +1) 4 (1007 +1) 2 (1007 +1)
5(-s00x’ —40m—9) 5(-5007 +40m—1) L 204200
4 (1000 +1) 4 (1000 +1) 2 (1007 +1)
i 12.17189044 ..12.82810956 6.7)
> plot(ul(t),t=0..25,y=0..15, color =purple, labels = [ t, "stof S"], gridlines)
15+
10+
stof' S
5_
e s e e LA S m e S b e e e e s
0 5 10 15 20 25

t

[ Dvs. stofmaengden af S vil pa lang sigt svinge mellem ca. 12.17 og ca. 12.83.
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| Differentialligning af typen 1 s&tning 12.
> DiffLign2 == u'(t) =2.5 — 0.2-u(t)
i DiffLign2 == D(u) (t) =2.5 — 0.2 u(t) (6.8)
> dsolve({DiffLign2, Betingelse})
t
25  25e °
] u(t) = > > (6.9)
> evalf (%)
i u(t) =12.50000000 — 12.50000000 ¢~ *-2000000000¢ (6.10)
| > u2 := unapply(rhs((6.9)), t) :
> u2(t)
L
25  25¢°
_— - a1
i 5 ; (6.11)
> plot( u2(t),t=0..25,y=0.15, color = blue, labels = [ t, "stof S", gridlines)
157
10
stof S
5_
o+ 7
0 5 10 15 20 25
t
_> plot( {12.5, 25+ 2-sin(2-1t-t), ul (t), u2(t) }, t=0..25,y=0..15, color = [red, blue, green ,
purple], labels = [t, "stof S"], gridlines)
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stof S

| 12.17 til 12.83.

15

Side 15/15

Steen Toft Jergensen

NRRPRF

[ Man ser, at tilgangen af stof har store udsving omkring 2.5, fra 0.5 til 4.5.
Men resultatet er sma udsving i stofindhold i seen. Indholdet svinger pa lanmg sigt kun fra



