Henfaldskade, 6 led, 2 muligheder Side 1/9

Steen Toft Jergensen

Henfaldskeede med flere led, og hvor et led har 2 muligheder

_Differentiallignings-model:

k1 k2
N1 | —| N2 |— N3 ~\§E

lk3 NG

N4 |—=| N5 /klﬁ

Modellen bestar af 6 stoffer:

* stof 1 til stof 5 er radioaktive
* stof 6 er stabil

Stof 2 har 2 muligheder for henfald:
i p% af tilfeeldene henfalder stof? til stof 3
*i (1 —p)% af tilfeeldene henfalder stof 2 til stof 4

Stof 3 og stof 5 henfalder begge til stof 6.

Differentialligningssystemet:
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V¥ Direkte losning med Maple
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Differentialligningssystemet pa matrix-form:

0
0
0
0
k

5

o] [ M
0| | M
0| | (o)
o || M)
o || s
0| | Nl0)

NB: Da koefficient-matricen er en nedre trekantsmatrix,
kan differentialligningssystemet lgses successivt!

37

:> restart
(> DL, = N, (1) =k,-N, (1) :
DL, = N,'(t) =k,-N,(t) — kz'p-NZ(t) — kg (1 = p) Ny(1) :
DL, == N, (t) =k, p-N,(1) — kgN,(t) :
DL, = Nj(1) ~ky (1 ~p) No(t) — kN0
DL = N (1) =k, N(t) — ks-N(t) :
| DLy = Ny (1) =ks-Ny(1) + kg Ny
> BT, = N,(0) =10
BT, = N,(0) =0
BT, = N,(0) =0
BT, = N,(0) =0
BT, == N,(0) =0
| BT, = N,(0) =0
_> k;=1:
ky = 0.3
ky = 0.4
k, =08
ks = 0.1
kg=102:
[> p=103:
> dsolve( {DL;, DLy, DL;, DL, DLy, DL})
N,(t)=_C6e”", N,(1) = - % C6e '+ C5e 1 t, Ny(1) = 25—8 C6e”!
S0, 3 2 et 5
—F_C5e +e _C3,N4(t)=E_C5e +?_C6e

(1.1)
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4 37
-t - -t
5 __ 360 100 _ 40 _ 8 5
+_C4de =, Ny(1) 387 CS5e 7 _Coe - C4e
o 164860 105 ! 85 1 =
10 100 -t 5
2, Ng(1) = ] + 6e + 4
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-—t -t

—e ' —e® 03+ CI

> dsolve( {DLy, DLy, DLy, DL, DLy, DLy, BT, BT, BT;, BT,, BT, BT,})

~10000000000000000000000 !

N, (#) =100000000000000000000 e, N,(t) = 63

37
10000000000000000000000 e_mt N

63 3

_ 125000000000000000000 0!

+
7

(2)

37

1
10000000000000000000000 ~7Jo0 ¢ 1125000000000000000000 7
119 © + 17 ©

37

_10000000000000000000000 700 ¢ . 500000000000000000000 ¢
- 129 © + 3 ©

N, (1)

4
10500000000000000000000 5 _
- 3 e ° ,Ny(1)=

37
~800000000000000000000000 e_ﬁt_ 4000000000000000000000 ot

3483 27

4 1
12000000000000000000000 ~3°  8000000000000000000000 ~ 1o
13 e + 21 e , Ny(t)

37

_ 1648600000000000000000000000 e_ 700 ¢ n 2125000000000000000000 ot

_+_

15335649 189
4 1
_1500000000000000000000 e_E ! _8000000000000000000000 e_ﬁ !
43 81
1
_1125000000000000000000 e_gt n 3000000000000000000000
i 17 37
> N, = unapply(rhs((1.2)[1]), ) :
N, == unapply(rhs((1.2)[2]), 1) :
N; = unapply(rhs((1.2)[3]), 1) :
N, = unapply(rhs((1.2)[4]), 1) :
N == unapply(rhs((1.2)[5]), 1) :
Ny == unapply(rhs((1.2)[6]), ) :
[> tMAX = 30:

> graf; = plot(N](t), t=0.tMAX,y=0 ..1020, color =red, legend = [N]]) :
graf, = plot(NZ(t), t=0.tMAX, y=0 ..1020, color = green, legend = [NZ]) :
graf; == plot(N3(t), t=0.tMAX,y=0 ..1020, color =blue, legend = [N3]) :

(1.2)
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graf, = plot(N4(t), t=0.tMAX,y=0 ..1020, color =black, legend = [N4]) :

grafs = plot(N5(t) ,t=0.tMAX, y=0.. 1020, color = brown, legend = [N5]> :

graf, = plot(N6(t) ,t=0.tMAX, y=0 ..1020, color = cyan, legend = [N6]) :

=> with(plots) :
display( { graf,, graf,, graf;, graf,, grafs, grafé}, gridlines)
1. x 10%°7
8. x 10171
6. x 10171
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2. % 10"+
O- \Tx\l; !
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V¥ Successiv lesning med Maple

;> restart

> k] =1:
k2 =0.3:
k3 =04:
k4 =0.8:
k5 =0.1:
k6 =02:

[> p =103

| > tMAX = 30:

I hvert runde sker folgende:
Hver differentialligning lases med sin egen bibetingelse.
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Losningen gemmes i en funktion, og grafen for denne plottes.

> DL, = N, (1) = k,-N,(1);

BT, == N,(0) =10%;

dsolve( {DL], BT]});

N, == unapply(rhs(%), t),

graf, == plot(NI(t), t=0.tMAX,y=0 ..1020, color =red, legend = [NI]) :

DL, = D(N]) (1) =-N,(2)

BT, := N,(0) =100000000000000000000

N, (t) =100000000000000000000 e

N, :== t—100000000000000000000 e’ 2.1)

(> DL, = N,'(1) =k,;"N,(1) — ky'p-N,(1) —k; (1 —p) N,(0);
BT, := N,(0)=0;
dsolve( {DLZ, BTZ} );
N, == unapply(rhs(%), t);
graf, = plot(NZ(t), t=0.tMAX,y=0 ..1020, color = green, legend = [N2]> :

DL, := D(N,) () =100000000000000000000 ¢ " — 0.37 N,(¢)
BT, = N,(0) =0

37
_10000000000000000000000 oo 10000000000000000000000 e_ﬁt

63 63

NZ(Z) =

37
10000000000000000000000 i 10000000000000000000000 G_Wol

i 63 63
> DL, := N,'(t) =k, p-N,(t) —ks;N,(1);
BT, := N;(0)=0;
dsolve( {DL;, BT;});
N; = unapply(rhs(%), t);
graf; = plot(N3(t), t=0.tMAX,y=0 ..1020, color =blue, legend = [N3]) :

N2 = f— - 2.2)

DL; = D(N;) (1) = -1.428571429 10" ¢ ' + 1428571429 10" ¢ ' —02N,(1)
BT, = N,;(0) =0

37
1428571429000000000000 e_ 100

17

N,(1) =17857142862500000000 e —

1
1125000000337500000000 e_ 5!
17

+

37
1428571429000000000000 o TN

17

N; = t—17857142862500000000 e — 2.3)
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1
1125000000337500000000 e_ 5!

T 17
> DL, =N, (t) =k, (1 —p)- Ny(t) —k,/N,(1);
BT, = N,(0)=0;

dsolve( {DL4, BT4});
N, = unapply(rhs(%), t);
graf, = plot(N4(t), t=0.tMAX,y=0 ..1020, color = black, legend = [N4]) :
19 - 19 _13_070’
DL, = D(N4) (1) = -3.333333333 10 e '+ 3.333333333 10" ¢ —0.8 N, (1)
BT,:= N,0)=0

37
_ 3333333333000000000000 e_mt

N,(1) v + 166666666650000000000 ¢~
4
_ 10499999998950000000000 " *
43
37,
N, =t 3333333333220000000000 e ' +166666666650000000000 &’ 24
4
_ 10499999998950000000000 " *
] 43
> DL; = Ny'(t) =k, N,(1) — ks Ns(1);
BT = N5(0)=0;

dsolve( {DL5, BT5} );
N := unapply(rhs(%), t);
grafs = plot(N5(t), t=0.tMAX,y=0 ..1020, color = brown, legend = [N5]) :

DL; = D(Ny) (1) =6.201550387 10" ¢ """ +1.333333333 10" ¢

4

-—t
5

—0.1 N,(1)
BT = N4(0) =0

—1.953488372 10 ¢

27 9

37
NL(t) = 6201550387000000000000 G_Wt 1333333333000000000000 !
(1) = -

1

4
1953488372000000000000. ~5 ' . 18666666658000000000000 7o *
7 189
37
_ 6201550387000000000000 o5 ' _ 1333333333000000000000 -

27 9

+

Nj =t~ 2.5)

4 1
1953488372000000000000 e_ 5! 18666666658000000000000 e_ T

7 * 189

(> DL, == N,'(1) =ks*Ns(1) + ko Ny(0);
BT, := N,(0)=0;

+
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dsolve( {DL6, BT6} );
N = unapply(rhs(%), t),
graf, = plot(N6(t), t=0.tMAX,y=0 ..1020, color = cyan, legend = [N6]) :
19 _13770 ! 19 -
DL, = D(N6) (t) =-3.977542783 10 " ¢ —1.124338624 10 ¢”*
4, L, 1,
+2.790697674 10" ¢ ° +9.87654320510% ¢ "0 +1.32352941210"7 ¢ °
BT, == N,(0) =0

37
_ 39775427783000000000000 e_mt

N,(1) 3 + 11243386240000000000 ¢’
4 i
— 34883720925000000000 ¢ ° — 98765432050000000000 ¢
— 66176470600000000000 e_% 4 2999999998;25 000000000
37
N, = t— 3977542783220000000000 e 100 | 11243386240000000000 ¢~ (2.6)
4, i

— 34883720925000000000 ¢ > — 98765432050000000000 ¢ °

1
-t
— 66176470600000000000 ¢ ° + 2999999998;35000000000

=> with( plots) :
display( { graf,, graf,, graf;, graf,, grafs, graf6}, gridlines)
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\ 4

1. x 10297

8. x 10

6. x 10'°-

4. % 10171

2. x 10171

Successiv og effektiv losning med Maple ved brug af lister

| > restart

Liste med henfaldskonstanterne:

> k:=11,0.3,04,08,0.1,0.2]:
Liste med differentialligningerne:

> DL = %N[l](t) =-k[1]-N[1](z), %N[Z](t) =k[1]-N[1](2) —k[2]-p-N[2](1)

—k[3]-(1 =p) N[2](2), %ND]U) =k[2]-p-N[2](1) —k[6]-N[3](1),

%NM](I) =k[2]- (1 =p)- N[2])(1) —k[4]-N[4](1), %N[ﬂ(t) =k[4]-N[4](z)
—k[5]-N[51(1), %N[ﬂ(t) =k[S]-N[5](¢) +k[6]-N[3](z) |:

| Liste med betingelserne:

> BT = [N[1](0) =10*°, N[2](0) =0, N[3](0) =0, N[4](0) =0, N[5](0) =0,
N[6](0)=0]:

Liste med farverne pé graferne:

> Farve := [red, green, blue, black, brown, cyan] :

> p:=03:

> tMAX := 30:
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I lekken sker folgende:

* Hver differentialligning leses med sin egen bibetingelse.
* Losningen gemmes i en funktion.

¢ Grafen for denne plottes.

=> for i from 1 to 6 do

dsolve({DL[i], BT[i]}, {N[i](?)}) :

N[i] == unapply(rhs(%), t) :

graf [i] == plot(N[i](t), t=0.tMAX,y=0 ..1020, color =Farveli), legend
=[N[i1]) :

| end:
> with(plots) :
display({graf 1], graf 2], graf (3], graf (4], graf [5], graf 6]}, gridlines)
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