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_Henfaldskaede for Thorium-familien

:Differentiallignings-model

http://en.wikipedia.org/wiki/Decay_chain#Thorium_series
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) half-life product of
nuclide
(a=year) decay
Z2Th | 1.405x10" a *2°Ra
**Ra 575a “2EAc
“Eac 6.25 h 225Th
Z28Th 19116 a “29Ra
Ra 3.6319 d 220Rn
220Rn 55.6 5 +18po
#18pg 0.145 s 212pp
“12pp 10.64 h 2128
iy =T : = EPD
212gi 60.55 min _—
2057}
H12pg 299 ns 208pp
208T] 3.053 min 208pp
208pp

| > restart
| > with(plots) :
| > with(ScientificConstants) :

| De 12 indgiende grundstoffer defineres:
> GS:= [Th[232], Ra[228], Ac[228], Th[228], Ra[224], Rn[220], Po[216], Pb[212],
Bi[212], TI[208 ], Po[212], Pb[208]]
GS = [T N300 Ratyyg, ACyygs Thyyg, Rty g Ry, POy g Py, By, Thygg, POS o, P bzos] (1.0

| Halveringstiderne hentes, og henfaldskonstanterne beregnes:
| > 7'+=1[0,0,0,0,0,0,0,0,0,0,0]:
| > k:=10,0,0,0,0,0,0,0,0,0,0]:
> forifrom1toll do
T[i] == evalf (Element(GS[i], halflife) );
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_— In(2)
kl[i] = evalf( ” )
| end:
| Henfaldstider for de forste 11 (enhed:s) :
> T
[4.433747993 10'7, 1.814523200 10°, 22140.00, 6.035904000 10, 3.1622400 10°, 55.6,  (1.2)

| 0.145, 38304.00, 3633.00, 183.180, 2.990000000 10'7]

| Henfaldskonstanter for de forste 11 (enhed: s_l) :
> k
[1.563343658 107'% 3.819996243 10™, 0.00003130746073, 1.148373435 1075, (1.3)

0.000002191949949, 0.01246667591, 4.780325383, 0.00001809594770,
| 0.0001907919572, 0.003783967576, 2.318217995 106]

Henfald for Bi,, er: 64.06% for B (giver Po,,;,) 0g 35.94% for o (giver T1,,,).

[> pPo == 0.6406
pPo = 0.6406 1.4)

> pTl =1 —pPo
pTl == 0.3594 1.5)

\ 4

Successiv og effektiv lesning af differentialligningssystemet

;Liste med differentialligningerne:
| > DL = [0,0,0,0,0,0,0,0,0,0,0,0]:

[ 1. led:
> GS[1DLI1] = = N[11(0) = k[1]-NT11(0
Th232
d _
DLy = -- Ny(1) = - 1563343658 10 BN () @2.1)
2. - 8. led:

> forifrom 2 to 8 do
GS[i]; DL[i] = d N[i](t)=+k[i—1]-N[i—1](t) —k[i]-N[i](¢)

di
end;
Rayyg
DL, = % N,(1) =1.563343658 107'° N, (1) — 3.819996243 10 N, (1)
Acyg
DL, = % Ny (1) =3.819996243 10”7 N, (1) — 0.00003130746073 N, (1)

Th228

DL, = % N,(2) =0.00003130746073 N,(¢) — 1.148373435 107 N, (1)

Ray,,

DL = % N5(1) =1.148373435 10'8N4(t) —0.000002191949949 N(¢)




Henfaldskaede for Thorium-familien Side 4/10 Steen Toft Jergensen

Ry
DL, = % N(1) =0.000002191949949 N (1) — 0.01246667591 N (1)
Poyg
DL, = % N, (1) =0.01246667591 N () —4.780325383 N, (1)
Pb212
DLy = % Nq(1) =4.780325383 N, (1) — 0.00001809594770 Ny (1) 2-2)
9. led Bi,, , har 2 mulige henfald:
> GS[9],DL[9] = % N[91(#) =+ k[8]-N[8](z) —k[9]-N[9](¢)
Bi212
DLy = % Ny(1) =0.00001809594770 Ny(1) —0.0001907919572 Ny (1) 23)
jl(). led 77,
> GS[10]; DL[10] = % N[10](¢) =+ pTI-k[9]-N[9](¢) — k[10]-N[10](z)
TIZOS
DL, = % N,y (1) =0.00006857062942 Ny() — 0.003783967576 N, (1) 2.4)
(1. led Po,
> GS[11]; DL[11] = % N[11](2) =+ pPo-k[9]-N[91(1) — k[11]-N[11](z)
Poyy
DL, = % N, (1) =0.0001222213278 Ny (1) —2.318217995 10° N, (1) 25)
[12. led Phyg:
> GS[12]; DL[12] = % N[12](2) =+ k[11]-N[11](1)
Pb208
DL, = % Ny, (1) =2.318217995 10° N, () (2-6)
:Differentialligningssystemet
> DL
% N, (1) = - 1.563343658 10" N, (1), % N, (1) =1.563343658 10" ° N, (1) @.7)
—3.819996243 107 N, (1), % Ny(1) =3.819996243 10”7 N, (1)
— 0.00003130746073 Ny(1), % N, () =0.00003130746073 N, (1)
— 1.148373435 10 N, (1), % Ny(1) =1.148373435 10° N, (1)
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\ 4

— 0.000002191949949 N(¢) Ny (1) =0.000002191949949 N4 (1)

d
> dt
d

—0.01246667591 Ny (1), m

N, (1) =0.01246667591 N, (1) — 4.780325383 N, (1),

d

4 Ng (1) =4.780325383 N,(¢) — 0.00001809594770 Ng(1), m

& Ny (1)

=0.00001809594770 N(z) — 0.0001907919572 Ny (1), ~— N, (?)
=0.00006857062942 Ny(t) — 0.003783967576 N, (1), ~— Ny, (1)
=0.0001222213278 No(1) — 2.318217995 10° N}, (1), ~~ Ny, (1)

=2.318217995 10° N, (1)

| Liste med betingelserne:
| > BT :=1[0,0,0,0,0,0,0,0,0,0,0,0]:
| > BT[1]:=N[1](0) =10":
> forifrom 2 to 12 do
BT[i] == N[i](0) =0
| end:
> BT
[V,(0) =100000000000000000000, N, (0) =0, N3(0) =0, N,(0) =0, N5(0) =0, N¢(0)

=0, N;(0) =0, Ng(0) =0, Ny(0) =0, Ny5(0) =0, Ny (0) =0, N}, (0) =0]

I lokken sker felgende:
* Hver differentialligning leses med sin egen bibetingelse.

* Losningen gemmes i en funktion.

=> for i from 1 to 12 do
dsolve({DL[i], BT[i]}, {N[i](#)}) :
N[i] = unapply(rhs(%),t) :

end:

| stribe eksponentialfunktioner.

Grafer over N(¢) for de 12 grundstoffer

[NB: Der er plottet 3 grafer for hvert af de 12 grundstoffer.
Enhederne pa de 2 akser varierer fra plot til plot.

2.8)

NB: Losninger udskrives ikke her, da de fylder MEGET. Bestar af en masse konstanter og en

[ > rekst = GS[1]: [ > tekst = GS[1]: [ > rekst = GS[1]:

> plot(N[1](£),1=0 > plot(N[1](1), =0 > plot(N[11(1),1=0
L10°, N=0.10%, 10", N=0.10%, .10, N=0..10%,
legend = [ tekst], legend = [ tekst], legend = [ tekst],
color =red, color =red, color =red,
gridlines) gridlines) gridlines)
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% 1020i
1.x10'8
t

Th232

[ > tekst = GS[2]:
> plot(N[2](t),1=0
.10°, N=0.5
-1010, legend
= [ tekst], color
= blue, gridlines)
% 1010’
1. x 10’
t

Rayyq

[ > rekst = GS[2]:
> plot(N[2](2),t=0
10", N=0.5
-1010, legend
= [ tekst], color
= blue, gridlines)
x10° F
1. x 102
t

Ra,)q

[ > tekst = GS[2]:

> plot(N[2](1),1=0
L1008 N=0.5
-1010, legend
= [ tekst], color
= blue, gridlines)

% 1010I
1.x10'8
t

Rayyq

[> rekst == GS[3]:

> plot(N[31(¢),1=0
L10°,N=0.6
-106, legend
= [ tekst], color
= green, gridlines)

. X IOSL—_

1.x10°
t

Acyyq

[> rekst = GS[3]:

> plot(N[31(t), =0
L102, N=0_6
-106, legend
= [ tekst], color
= green, gridlines)

.xlogL_

1. x 10'?
t

Acyyq

[> rekst == GS[3]:

> plot(N[31(1),t=0
10", N=0.6
-106, legend
= [ tekst], color
= green, gridlines)

.xlogL_

1.x 108
t

Acyyq

[> rekst == GS[4]:

> plot(N[4](1),1=0
L10°,N=0.2
-1010, legend
= [ tekst], color
= black, gridlines)

[ > tekst = GS[4]:

> plot(N[4](t),t=0
.10"%, N=0.2
-1010, legend
= [ tekst], color
= black, gridlines)

[> rekst == GS[4]:

> plot(N[4](1),1=0
L1008, N=0.2
-1010, legend
= [ tekst], color
= black, gridlines)
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0.

X101t
1.x10'8
t

Th228

[> rekst == GS[5]:

> plot(N[5](¢),t=0
.10°, N=0..10",
legend = [ tekst],
color = brown,
gridlines)

.><1034:::

1.x10°
t

Ray,,

[ > tekst = GS[5]:

> plot(N[5](t),1=0
.10, N=0..10%,
legend = [ tekst],
color = brown,
gridlines)

.xlOEt:::

1. x 10'?
t

Ra,,,

[> rekst == GS[5]:

> plot(N[51(¢),t=0
.10 N=0.10%,
legend = [ tekst],
color = brown,
gridlines)

.xlOEt::=

1.x10'8
t

Ray,,

[> rekst == GS[6]:

> plot(N[6](¢),1=0
.10°, N=0..2
-104, legend

= [ tekst], color
= grey, gridlines)

,20003

1.x10°
t

Rnyy,

[> rekst == GS[6]:
> plot(N[6](t),1=0
.10, N=0.2
-104, legend
= [ tekst], color

2000:3

1. x 10'?
t

Rny,

=grey, gridlines)

[> rekst == GS[6]:

> plot(N[6](1), =0
10", N=0..2
-104, legend

= [ tekst], color
= grey, gridlines)

2000:3

1.x 108
t

Rnyy

[> rekst == GS[7]:

> plot(N[71(¢), t=0
.10°, N=0..50,
legend = [ tekst],
color = orange,
gridlines)

[ > tekst = GS[7]:
> plot(N[71(t),t=0

legend = [ tekst],
color = orange,
gridlines)

2102, N=0..50,

[> rekst == GS[7]:

> plot(N[71(1),t=0
10", N=0_.50,
legend = [ tekst],
color = orange,
gridlines)




legend = [ tekst],

legend = [ tekst],
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N 5:; N Sg_ N 5:;1
1. x10° 1. x 102 1.x10'®
t t t
Loy 6 Poy 6 Poy 6
[ > rekst = GS[8]: [ > rekst = GS[8]: [ > rekst = GS[8]:
> plot(N[8]1(¢), 1=0 > plot(N[8](t),1=0 > plot(N[81(1), =0
.10°, N=0..10, 21012, N=0..10", .10, N=0..10",

legend = [ tekst],

color = pink, color = pink, color = pink,
gridlines) gridlines) gridlines)
. x 107 l . x 107 i . x 107 i
1. % 10° 1. x 102 1.x10'®
t t t
Pby, Pbyy, Pbyy,
[ > tekst = GS[9]: [ > tekst = GS[9]: [ > tekst = GS[9]:
> plot(N[91(¢), t=0 > plot(N[9](t),1=0 > plot(N[91(¢), t=0
.10°, N=0..10°, .10"%, N=0..10°, .10, N=0..10°,

legend = [ tekst],
color = magenta,

legend = [ tekst],
color =magenta,

legend = [ tekst],
color = magenta,

gridlines) gridlines) gridlines)
OOOOO:j : )00000 )OOOO:i
1. x 10° 1. x 102 1.x10'®
t t t
By, Biy,, Biy,,
[ > rekst = GS[10]: [ > tekst = GS[10]: [ > rekst = GS[10]:
> plot(N[10](¢), =0 > plot(N[10](¢), =0 > plot(N[10](¢), =0
.10°,N=0.2 .10, N=0.2 .10, N=0.2
-104, legend -104, legend -104, legend

= [ tekst], color
= gold, gridlines)

= [ tekst], color
= gold, gridlines)

= [ tekst], color
= gold, gridlines)
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20008|

1. x 108
t

Tl208

[ > rekst = GS[11]:
> plot(N[11](z),t=0
10, N=0.5
1077, legend
= [ tekst], color
=navy, gridlines)

).OOOO(S)K

1. x10°
t

Poy,,

[ > rekst = GS[11]:
> plot(N[11](¢),t=0
L1012, N=0.5
1077, legend
= [ tekst], color
=navy, gridlines)

.000031:

1. x 1012
t

Po,,,

[ > rekst = GS[11]:
> plot(N[11](1),1=0
L1008 N=0.5
1072, legend
= [ tekst], color
=navy, gridlines)

.OOOOgt

1. x 108
t

Po,,,

>

[ > tekst == GS[12]:

> plot(N[12]1(¢),t=0
.10%, N=0..10°,
legend = [ tekst],
color =violet,
gridlines)

.xlOZL4

1. x 108
t

— Pb

208

[ > tekst == GS[12]:

> plot(N[12](¢),t=0
.10, N=0.10",
legend = [ tekst],
color =violet,
gridlines)

X 1017

1.x 10"
t

Pb208

[ > tekst == GS[12]:

> plot(N[12](¢),1=0
.10, N=0.10%,
legend = [ tekst],
color =violet,
gridlines)

X 1020

1. x 108
t

Pb208

VY Grafer over den samlede aktivitet

;Den samlede aktivitet beregnes (sum over de radioaktive 11 grundstoffer):

11

> 4= unapply[/zlk[j]'N[j](f),f

A = t—2.500682993 10° ¢

463643599

200

476979893

—7.666828832 107 ¢

472995947

125000000000 (4.1)

180959477

" me 1 it —
—8.989904110 10" ¢ #99999999990 " 1 0 00002205576777 ¢ 1000000000000
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_ 4780325383 1246667591
—9.542407609 107 ¢ 1000090000 " 4 1 619957840 10 ¢ 100000000000
2191949949 ) 229674687
0.009955618213 ¢ '000000000000000 | 548 5975568 ¢ 20000000000000000
3130746073 ) 3819996243
1 0.01906967306 ¢ 0000000000000 L 1955 315986 ¢ 000000000000000000
) 781671829
1 1563.343659 ¢ °0000000000000000000000000 !
:Grafer:
;Starten: ;Midten: ;Slutningen:
> plot(A(t),1=0..10°, 4 > plot(A(t), t=0..10"°, > plot(A(t), t=0..10"%,
=0..2000, legend A=0.2000, legend A=0.2000, legend
=['A(t)'], color =['A(t)'], color =['A(t)'], color
=red, gridlines) =red, gridlines) =red, gridlines)
2000 2000y 200
A l C A4 A
1. %10’ 1. x 10'® 1.x 10"
t t t
—— A1) —— AQ) —— AQ)



