| Variable og formler:

dN
A - -
dt
A=kN
k =sonderdelingskonstanten
T, = halveringstiden
2
_ In(2)
=%
| 2
V¥ Simpelt henfald

|:M0del:

dN1
S —_kI-NI
7 kl-N

NI1(0)=NI0

dN2 dN1
anve @V _11.N]
dt dt kN

[ N2(0) =0
=> restart

N2(1)})

(> rhs((112)[1])

(> rhs((1.1.2)[2])

(> NI = t—(1.1.3): NI(1)
(> N2 = t—(1.1.4): N2(1)

> N10 = 10%°

;Model: radioaktivt henfald

N =antal endnu ikke henfaldne kerner
A = aktiviteten = antal henfald pr. tidsenhed

Stofl henfalder til stof2, som er stabil.

\ 4 !(un med stof1 til start

> dsolve({NI1'(t) =-kI-NI(t), NI(0) =NI10}, N1(t))

NI(t)=NI10e ™!

=> dsolve({NI1'(t) =-kI-NI(t),NI1(0) =NI10,N2'(t) =kI-NI1(t),N2(0) =0}, {NI(¢),

{NI(t)=NI10e™™! N2(t) = -N10e™ ™"+ N10}

N10 e H?

-klt

-NI0e + NI10

N10 e M

-klt

-NIOe + NI10

N10 :=100000000000000000000

(1.1.1)

(1.1.2)

(1.1.3)

(1.1.4)

(1.1.5)

(1.1.6)

(1.1.7)



> kI =02
kl:=0.2 (1.1.8)

=> plot({ NI(t), N2(t)},t=0..10, color = [red, green])
1.x 10%0 -

8.x 10! -

6.% 1019 -

4. % 1019

2.x 1019 1

\ 4

Bade stofl og stof2 til start

dN1
. =kI'NI
NI(0) =NI0
dN2  dNI
= —kI'NI
| N2(0) =N20
| > restart
> dsolve({NI'(t) =-kI-NI(t), N1(0) =N10}, N1(¢))
NI(t)=N10e ™! (1.2.1)

> dsolve( {NI'(t) =kI-NI(¢), NI(0) =NI0, N2'(1) =kI-NI(£), N2(0) =N20}, {NI (1),
N2(1)})
{NI1(t)=N10e™™" N2(t) = -N10 ™"+ N10 + N20} (1.2.2)

> rhs((1.2.2)[1])
(1.2.3)




i N1o ™!
> rhs((1.2.2)[2])
i -N10 e+ N10 + N20
> NI == t—((1.2.3)) : NI (1)
i N10e™!
> N2 = t—(1.2.4): N2(¢)
i -N10 e+ N10 + N20
> NI10 == 10> N20 :=2-10"
NI10 := 100000000000000000000
i N20 := 20000000000000000000
> kl:=02
i kl:=02
> plot({ N1(t), N2(t)},t=0..10, color = [red, green])
1.x 1029 -
9.x 1019 1
8. x 1019 -
7.x 1017 4
6.% 1019 -
5.x 1019 -
4. x 10! 1
3.x 109 -
2.x 1019 1
1 1 1
0 2 4 6
t
Henfaldskaede

Stof1 er radioaktivt, og henfalder til stof2.

IrModel:

10

(1.2.3)

(1.2.4)

(1.2.5)

(1.2.6)

(1.2.7)

(1.2.8)



| Stof2 er selv radioaktivt, og henfalder til stof3, som er stabil.

V¥ Kun stofl til start

[ NI
AN kNI
dt
NI(0)=NI0
% =JkI-NI —k2-N2
N2(0) =0
AN3 5
dt

N3(0) =0

;> restart

> dsolve({NI'(t) =-kI-NI(t), N1(0) =N10}, NI(¢))

i NI(t)=Ni10e ™! (2.1.1)

[ > dsolve( {NI'(t) =-kI-N1(t), N1(0) =N10, N2'(t) =kI-NI(t) — k2-N2(t), N2(0) =0},
{NI(t),N2(2)}) o s

kit _ (-kl+k2)kINIOe kle ™' NI1O

_ L N2(2) )2 P (2.1.2)

[ > dsolve( {NI'(t) =-kI-N1(t), N1(0) =N10, N2'(t) =kI-NI(t) — k2-N2(t), N2(0) =0, N3

'(t) =k2-N2(£), N3(0) =0}, {NI(t), N2(¢), N3(£)})

NI(t)=NI0e

(-kI+k2)kINIOe™"  kie™'NI0

-klt
NI(t)=N10e™ N2(1) = - —~ N3 (1) 2.1.3)
(kI —k2)° kI —k2
-k2t 5 ;2 -k2t
ki _ e ®kPNIO | e PTRINIOK2 B
NI T Y T THINIO—NIOR
kI —k2

> rhs(2.1.3)[1])

i Ni10e ! (2.1.4)
(> rhs((2.1.3)[2])

(-kl +k2) kINIOe ™" k1e™'NIO

- - 2.1.
i (k]—k2)2 kl —k2 (2.1.5)
> rhs((2.1.3)[3])
-k2t 5 42 -k2t
e INjo ko — S KENIO e T RINIORZ | 4 nig — N10 k2
kl — k2 kl — k2
pr— (2.1.6)
(> NI = 1= ((2.1.4)) : NI (1)
i Ni10e ! (2.1.7)
> N2 = t—(2.1.5): N2(¢)
i -k2t ~klt
(kI +k2) KINIO™! k1M NIO 2.18)

(kI —k2)? kI — k2

(> N3 = 1—(2.1.6): N3(1)



e PP NIO e PkINIOK2

-kl't . .
e INIO K2 T Yoo + kI N10 — N10 k2 o19)
i kl — k2 e
> NI0 == 10%°
i N10 = 100000000000000000000 (2.1.10)
> kIl :=0.3;k2:=0.2;k3 = 0.1
kl:=03
k2:=0.2
i k3:=0.1 (2.1.11)
> plot({ N1(t), N2(t), N3(¢t)},t=0..10, color = [red, green, blue])
1.x 1029 -
8. x 1019 -
6.x 1017 1
4. %1019
2.x 10! 1
0 1 1 1 1 1
0 2 4 6 8 10
¢
(> k1= 03;k2 = 0.4: k3 = 0.1
kl =03
k2:=04
k3:=0.1 (2.1.12)

=> plot({ NI(t), N2(t), N3(t)}, t=0..10, color = [red, green, blue])




1.x 1029 -

8.x 107 1

6.%x 10! -

4. % 1019

2.x 1019 1

V¥ Alle 3 stoffer i spil fra starten

[ a1
2 = k]-NI
it ki-N.
NI(0)=NI0
% =kI-NI —k2-N2
N2(0)=N20
AN3 5
dt
N3(0) =N30
;> restart
> dsolve({N1'(t) =-klI-NI1(t), NI1(0) =NI10}, NI(t))

i NI(t) =NI10e ™! (2.2.1)
> dsolve({NI'(t) =-kI-NI(t), NI(0) =N10, N2'(¢) =kI-NI(t) — k2-N2(t), N2(0) =0},
{NI(t),N2(1t)})

kit (kI +k2) kINIOe ™" k1e™™iNIO

NI(t)=NI10 ,N2(t) = - — 2.2.2
(1) e (1) ) P 2.22)




> dsolve({N1'(t) =-kI-NI(t), NI(0) =NI10,N2'(t) =kIl-NI(t) —k2-N2(t), N2(0) =N20,

N3'(t) =k2-N2(t), N3(0) =N30}, {NI(t), N2(t), N3(¢t)})

(-kI 4+ k2) (-k2 N20 + kI N10 + N20 k) ¢ !
(kI —k2)?

NI(t)=NI10e ™™ N2(1) = -

-klt
kle ¥ NIO o
i—r2 VPO 0

e 1kl (k2 N20 + kI N10 + N20 k1)
kI — k2

k2t
e kZNZOI:r]k_]I](\’ZIOJFNZOk”"Z — (N30 + NI0 + N20) kI + (N30

[—e_k“NIO k2

+

+NI0+ N20) k2)}

(> rhs(2.2.3)[11])

N10 e !

> rhs((2.2.3)[2])
(kI +k2) (-k2N20+ kI NIO +N20 k1) e ®"  k1e™'Ni0

(kI —k2)? kl — k2

(> rhs((2.2.3)[3])
k2t
I [—e"‘“kaer e ! k1 (~k2 N20 + kI N10 + N20 k1)

Skl —k2 kl — k2

k21,
e | kzNZO;"fl]go+N20k])k2 — (N30 + N10 + N20) kI + (N30

+ NI10 + N20) kZ)

(> NI = 1= ((2.2.4)) : NI ()

N10 e H?

(> N2 = 1—(2.2.5): N2(1)
(-kI +k2) (-k2N20+ kI NIO +N20 k1) ™" k1e™'N10

(kI —k2)? kl — k2

(> N3 = t—(2.2.6): N3(t)
-k2t
1 ki e Pkl (-k2 N20 + kI N10 + N20 k1)
k]—kz[ ¢ NIOK2+ Kl —k2
e U (“k2 N20 + kI NI0 + N20 k1) k2

a Kl — k2 — (N30 +NI10 + N20) kI + (N30

+NI0+ N20) kZ)

> N10 == 10*% N20 == 5-10"; N30 == 10"
N10 = 100000000000000000000
N20 = 50000000000000000000

(2.2.3)

(2.2.4)

(2.2.5)

(2.2.6)

(2.2.7)

(2.2.8)

(2.2.9)

(2.2.10)



(> kI = 03: k2 == 0.2: k3 == 0.1

N30 = 10000000000000000000 (2.2.10)

kl:=0.3
k2:=02
i k3:=0.1 (2.2.11)
> plot({ N1(t), N2(¢t), N3(¢t)},t=0..10, color = [red, green, blue])
1.2 x 1020
1.x 1029 -
8.x 1019 -
6.x 1019 -
4. % 1017 1
2.x 1017 1
I ' I I I 1
0 2 4 6 8 10
(> kI = 03: k2 == 0.4: k3 == 0.1
kl:=03
k2:=04
k3:=0.1 (2.2.12)

=> plot({ NI(t), N2(t), N3(t)}, t=0..10, color = [red, green, blue])



1.4 x 1029 H

1.2 x 1029 H

1.% 1020 -

8.x 1019 -

6.% 1019 -

4. % 1019 4

2.x 1019 -
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