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Differentialligninger
Logistisk vaekst
Yy'=y-(b—a-y)

> DiffLign = y'=y-(b —a-y)
DiffLign := gxy(X) =y(x) (b—ay(x))

=> dsolve(DiffLign)

yix) = b
e’ Clb+a

Normalt forkorter man med a i teller og naevner. Konstanten foran e ?"i naevneren kaldes s c.
Konklusion: den fuldstendige losning til differentialligningen y'=y- (b —a-y) er

b
y= a hvorc € R
1 +ce?™ +
> f=x—subs(_Cl=c,rhs((1.2))) 'f(x)'=f(x)
S(x)=— b
i e ch+a
;Eksempel pa lesningskurve:
>a:=3;b:=2c:=1
a=3
b:=2
i c:=1
> f(x)
2
2¢7 43

;> with( plots) : with(DEtools) :

> FeltFarve := dﬁeldplot(Diﬁ‘Lign,y(x), x=-3.3,y=-0.5 % . %, color =rhs(DiffLign) ,

arrows = SLIM ) :

> FeltSort = dﬁeldplot(DiﬁLign,y(x), x=-3.3,y=-0.5 % b

a

, color = grey, arrows

=SLIM) :
;> Kurve :== plot( f(x),x=-3.3):
> Stabil = plot( b ,x=-3..3, color =black, linestyle = dash, thickness = 2) :
a

B display(FeltFarve, Kurve, Stabil, view=1[-3..3,-0.5..1], labels=[x,y ])
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> display( FeltSort, Kurve, Stabil, view =

3
\\\\ \\\\\

‘(R R R R R
IR TR IR TR

I e O T T e

[-3..3,-0.5..1], labels=[x,y ])
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1_

-3 -2 -1 0 | 2 3
X
-0.5-
NB: f(x) = % er en stabil losning, hvorimod f(x) =0 er en ustabil losning.
'— .- —
Yy'=ay (M—y)
| > restart
> DiffLign == y'=a-y- (M —y)
Sy - d
DiffLign = & ) may) (M—y(x)) (2.1)
> dsolve(DiffLign)
M
y(x) = - (2.2)
i L+ _cim
Konklusion: den fuldstendige losning til differentialligningen y'=y- (b —a-y) er
- M R
y= |t oo a M vorc € R
=> fi=x—subs(_Cl=c,rhs((2.2))) 'f(x)'=f(x)
M
f(x)= - (2.3)
1 +e M em
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| Eksempel pé lesningskurve:
>a=3M=2;c:=1

Il

a:
M :
c: 2.4)

> f(x)

2
1427 @3

;> with( plots) : with(DEtools) :
> FeltFarve = dﬁeldplot(DiﬁLign,y(x), x=-2.2,y=-0.5 % M, color =rhs(DiffLign) ,

arrows = SLIM ) :

> FeltSort = dﬁeldplot(DiﬁLign, y(x),x=-2.2,y=-0.5 % M, color = grey, arrows

= SLIM) :

;> Kurve :== plot( f(x),x=-2.2):
| > Stabil := plot(M, x =-2..2, color = black, linestyle = dash, thickness=2) :

> display(FeltFarve, Kurve, Stabil, view=1|-2.2,-0.5 % ‘M|, labels =[x, y ])
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[x,y])

, labels

M

3
-2.2,-05..—
,-0.5 )

|

> display(F eltSort, Kurve, Stabil, view




Differentialligninger Logistisk vaekst Side 6/12

3 —_
_________ D
Y
'
-2 -1 0 | 2
X
| TNB: f(x) =M er en stabil losning, hvorimod f'(x) =0 er en ustabil lgsning.

Y Eksempel 45 side 46 i bog A

| > restart
> a=2-10"; M = 1500 1
750000
i M = 1500 3.1
> DiffLign = y'=a-y-(M—y)
DiffLign = - y(x) = <o y(x) (1500 =y (x)) (32)

=> Betingelse := y(0) =50

Betingelse := y(0) =50 3.3)
=> dsolve( { DiffLign, Betingelse})

i) = —20 (3.4)
] 1+29¢ 10
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> fi=x—rhs((3.4)) 'f(x)'=f(x)
) =—20 (3.5)
429 1007

;> with( plots) : with(DEtools) :
> FeltFarve = dﬁeldplot(DiﬁLign, y(x),x=0.250,y=-0.5 % M, color =rhs(DiffLign) ,

arrows = SLIM ) :

> FeltSort = dﬁeldplot(DiﬁLign, y(x),x=0.250,y=-0.5 % M, color = grey, arrows

= SLIM) :

| > Kurve := plot( f(x),x=0.250) :
| > Stabil := plot(M, x=0..250, color = black, linestyle = dash, thickness=2) :

> display(FeltFarve, Kurve, Stabil, view=1{0..250, 0 % - M|, labels = [t, y(t) ])
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250

> display(FeltSort, Kurve, Stabil, view={0..250, 0 % - M|, labels = [t, y(t) ])
2000+
1500 === = ATt T e
w(7) ;
1000 1
500+
o777
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t
Y Eksempel 46 side 47 i bog A
;> restart
>a=1,M=2
a =1
i M:=2
> DiffLign == y'=a-y- (M —y)
DiffLign ==~ y(x) =y(x) (2 =y(x))
> Betingelse == y(0) = %
Betingelse := y(0) = %
=> dsolve( { DiffLign, Betingelse})
B 2
i y) 1 +3e¢%"
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> fi=x—>rhs((4.4)) f (x)'=f(x) ,

14+3e

S(x)= 4.5)

-2x
:> with( plots) : with(DEtools) :

> FeltFarve = dﬁeldplot(Diﬁ'Lign, y(x),x=-2.4,y=-0.5 % M, color =rhs(DiffLign) ,

arrows = SLIM ) :

> FeltSort = dﬁeldplot(DiﬁLign, y(x),x=-2.4,y=-0.5 % M, color = grey, arrows

= SLIM) :

> Kurve := plot( f(x),x=-2.4):
> Stabil := plot(M, x =-2 ..4, color = black, linestyle = dash, thickness=2) :
3

> display(FeltFarve, Kurve, Stabil, view = [ -2.4,-0.5 n M], labels = [t, y(t) ])
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> display(FeltSort, Kurve, Stabil, view = [ -2.4,-0.5 % M|,

labels = [t, y(t) ])
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¥ Eksempel 47 og 48 side 48 0g 49 i bog A

=> restart
> a = 0.000001; b :== 0.5
a = 0.000001

i b:=10.5
> DiffLign = y'=y- (b —a-y)
DiffLign = % y(x)=y(x) (0.5 —=10.000001 y(x))
[ > Betingelse := y(0) =10000
i Betingelse := y(0) =10000
> dsolve( {DiffLign, Betingelse})
500000
yix) = —2200
-3 x
i 1 +49e¢
> f=x—rhs((54)) f(x)'=f(x)
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> f(x)

maksimum.

> Solve(f(x) =%%,x)
600000
500000 A
400000 1

¥ 300000 A

2000001

100000 A

fx) =

> maximize( f'(x), x, x > 0, location); evalf (%)

62500, {[{x=41n(7)}, 62500]}
62500., {[{x=7.783640596}, 62500.]}

12250000 ¢ >

Logistisk vaekst
500000

- = X

1+49¢ 2

1

Ex)

(1 +49¢
_Populationen vokser hurtigst, nar f '(x) er maksimal, eller nir f(x) er halvdelen af

i 7.783640596
> plot( f(x),x=0..20,y=0..600000, gridlines)

Side 11/12
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> plot( f'(x),x=0.20,y=0..70000, gridlines)
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Konklusion: Lesningen er f(x) = %001 og populationen vokser mest, nar¢ = 7.8

—=

1+49¢ °




