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010 OO0

goobobbooboobbbotbododoooooogooobbbbobbbbibidl a
gbogbdooboobooboboobooboobboobooboo,boobo
ooo,gbgooobobobooboboboobobobooboboooi1bon
obgobooboobooboboobboboboob,obooboboobobobn,d
ooboooboobooboobuoobuoob coobooboobooboobon
gobogoboboobobgoo220nbooobobobbooboboobobobon
gobbobbbouoooogobbbobbuooooobbobboooooooobon
og,gbobobooboobobobooboboboboboboobobobon
gobbobobouoooooobbobbuoooooobbobbouooooooboon
gbobboobooboobooboobo

oobogboobobobooo2201ouoobooob noobobobobooonbog
goobboooooobooooobobobbo coggoonoobbooooonoon
gboog,buogobuoobobogoboooboooobboobboobboabn
goooooboboog,bogoobbboogooeoul4otonbbooppob
gboobbooooboogboo,buogobooobbodb ebogbbogbn
goobpodobboooo,ogoobobooooboboooobobooooobon
gbbogbo,gbboogbbuogbboogbbuoobbooobbuoonogon
gboobooobbogdbuooobb,ebbbog,bogobbooo,oggbon
00000000000000000000000 3%v0)0000,0000000
goobb,pdgoobobbbbobddddouoooooobobboobooobobo,n
g,0booggoobobog,obbobodao,bbbbouogobbbooooon
gobobobboogoogobobobbbodooooobobbbooooooobooon
obogboobobooboobboob 1B3oooboooooboobooobon
goobd

goooo,god,boa,gob,boggobbbbouooobbobbuoogodn
goobbooboobboobobobboog 1bbobobbobodooooooooboboobooon
goo,0buogobuogbbuogbbob,ooboooboooboo,bbogabb
goboboobudg,0bbbidddb egbbbooooob,boooobon
ooobooooobobdbobobobobob cobobooooo,oobocy
gboboboooobbbuoooobobboooon



020 0000000

21 OO0

000 (elementary particle) U O, D00 00000000 O0OO0OOO0OODOOO0O,
000000000000000000000
180000000000000@O00000)00000000000,000 19
000000000000000000000000
000,18700000000000000000 1911000000000000
00000000,000000000000000000000000000000
00000000000,000000000000000000000000000
00000000000000000
00,0000000000000 (Fermion), 010000 (Boson)0OOO00O0O00
0000000000000,0000000000000000000000000
0000000000000000000000000000000000,0000
00000000000000000000000000000000000000,
000000000000000000000000000,00000000000
00000000000000000000000000000
00000,00000000#0000 (G,2,200)00000000000,00
(0,1,200)0000000000000000000000000000000000
000,0000000000000000000000000000000
00,0000000000000000 (hadon)J0000000 21300000

211 0O0O0OOOO

O0O0oood (Fermion) O ODOOO0OOO0OOOOODO, 0000 (quarky0O0 00O
(lepton) D OO0 O000OOODOOOO200000000000

O0odooooad i%DDD i%DDDDDDDDDDDDDDD,IDDDDDDDD
00 -100000000,00«e000000,00000000000000000
00 (=2.718---)000000000000000000 e=1.602176565(35) x 1071
O0o00ooono@ooooo3sgoooooooestonooooooooooon
RIOOOOOegoooo,00doooon i%eDDD i%eDDDD

000004 up, down, strange, charm, bottom, topJ 6 0 0D D OO0OO0OO0OOOOONO
godoooo,0odd,uw, d,s,e,b,tdddoddoodoooooooooon
dodooo200000000000000b0oO0bO00o00ooooobDoooOoon
(generation) O O0O,021 0000000000000 000O0O0O0O0OODOO0O



021:0000000000000,0000000,00000000000000

00 00 00 00 00
2 .
up u 0100 e 23" MeV!
down d 0100 e 4.8*0IMeV
0Do0oO charm ¢ 0200 Ze 1.275 + 0.025GeV
strange s 0200 %e 95 + SMeV
top t 0300 2e
bottom b 0300 0O Fel
0o e 0100  -le oot MeV
00ooo0o0oon ve 0100 0
oooo ooooo ¢ 0200 “le e8I IMev
0000000000 v, 0200 0
oooog r 0300 -le 1776.82 + 0.16MeV
Doooooooo v 0300 0

000000000000, 000000000o00@boo0o0oooooOoOoOon
OdddodOo)yoooOooooooooooooo

0000000000000 O0O0000000O0000000bD0O0O00000DO0O
000000 (electron), 1O OO0 OO O (electron neutrino), O 0 0O O O (muon), O OO0
000000 (muon neutrino), [1 0 0 O (tauon, tau), 0 0 0O 0O 0O 0O O O O (tau neutrino)
00000000 e, ve,u,v,, 7,y 00 00000000000,0000000000
0000002000000 00000000000000000O0O0O0O0000OO
ooad

O000000O00DbO0o0bOO0DOO00,00b00b00o0b00o0obOooDbooooo
Od00ooooododo,0bodoboobood0o0oooooooOo,0oo00oooo 20
000d0d0,00000000000000000000000000D0O0O0O0000
0ddoo0o0odd0dooooddd00obOooOoooooooboDoooOooOon
0000000000000 0b00000o0ooOo0bO0o000ooOoooboOoOoOooOon
000d000ooooooooDo,00doooooobo00ooOo 22100000000

212 OOOOO

gbbodobbuoob,ggbbuogboboogbboobbuoobbooobon
gooboboboob Boeson) DO, 0000000000000, 000000000
gbbodgbbuogbbouooobobbuooob,obbuoobobooobbogbb

levO00,00000000000000000000D00O,1VvO000000O0O,0000000
0000000000000000000000000D00O000, 1eV=1.60217656535)x10"°J0000

5



0220000000000
00 g g o g

+e  938.272046+0.000021MeV
0  939.565379+0.000021MeV
+e 139.57018+0.000MeV
0 134.9766+0.0006MeV
- -e 139.57018+0.000MeV

g proton
goo neutron

=1 o]

3
+

N
(=)

goooo pion

N

(photon), 1 OO0 OOOOOOODOOODOOOODODOO (weakboson), OO OO OO
ooooooooboo gvon) DO O0boooog,booboobobooobon
OO0 (graviton) DO 000000000000, 0000000000000000O0
Ooooogo

O0,000000 (Higgs particle, Higgs Boson) U0 OO0 O0DO00O0O0OOO0OOOOO
opoogooo,20n200db0booooobogCERy) D0 Dooboooooobooon
OOo0b0ooooooooobo0obbOUHiggsbobooooooooooooooo
Ooooogo

213 0O0OOO

0000 (Gadron) DO, 000000000 0OO0OO0OOOOO0ODOOOODOODOO
obbooobobbooobbooooboboooob,bobbd (baryon) OO0
gboobdbO,meson)d 20000000000000O0

oboobobooboboobooobobo3gboboboooboboo,obo
ooobobobobooooobobobooobvewbooo20bdogbgo 1od
obooboo,b0btbuewbboobobobddbob200b00b000b0oboobon
gboboodgbbdbbugobooggbboobuogbobooob,oobbooobn
gobbbbbuooogobbbbbuoooooobbbbbuoooooobobo
gbooodobbogb,gbbodgbbuogbbuoobbooobooobbodgbn
gbbbuoodobbbuooobbbooobbbuooobbbooobbbooan,
goog odg +%eDuDDDDD2DD—%eDdDDDDDDDDDDDDDDD,D
gbbobooaobbodad,

%zex2+%le:1-e (2.1)
godddoo,jggooobegdn @b 1g)ybbbbbb O
00ddddddoooooooooo20000ooooooooo,oooon
O00ooooooog (pon) 00 0000O0O0O0OOOOODOOOOOOOODOODO
0000000000,000 4e,0,-03000000,0000 at,a% 000

gboboboboboboobooboobg22200000000

obobboobooboobod



22 000

000 (atomicnucleus) I, 2.1 0000000000000, 0000000000
gbbodgbogbbuogobooobbuoobbobbooobbooboboo,b
gobobobooogoboboboboooooboobobog,eeestbbbuouooonoon
0000 1000000000,000 10%m00000000000000000
gbobobo40000bbbooooobo3ggouboboooon

23 OO

U0 @m0 0000000000000 000O00O0O00O00bO000b000D0
gbobogbbogobobodo,bgdbbugboobbooobooboodgbn
obobooboboobobooboboo,obooboboobon,19300
gbobogbobogoubbobobooda,bgdbboogobboobboodgbn
goooooobopnoooobboobobobobobobo,gbobooood
oboooobooboboooo,vBogobogooooboobobooobooon
gboodbbodgbbodob,goboooboboobbodobboobbodabb
gbobooobbogbbooooboobuogobooob,oobooobbodabn
00000000000000000000000000 1070000000000
0D0000,081000000000000000,00001A0000



030 000

31 00odgd

000 (atomicnucleus) D 0 OO0 O0OOONO (proton) U O OO (neutron) O 00O OO
gooooooooo,m920000ddbb oo oooooooon

0000000000 (atomicnumber), 10000000 O0O00OOONO (mass num-
ber)yUHODOOOOO,0000A, 00000000000, neutron numberd O N, OO0
000 zZzOoOoOooOooooooooo,00ddo0ooboodddd (nucleon) O O
gooooo3000ooooboboooog,

A=Z+N (3.1)

Ooddoooono, oo Az NOOOO20000000000000
go,00oddoAdoudozuodoboooboooooooooouooog, zd
UdddA-zOOUOOOOOOO,ZeOOOOooooQ

000 A0d000O0O0ZOOOUOOOOooOOoouoobOoooooobooooooon
oA 0000z 0000 N,DDDDXDDDD%‘XNDDDDDDDD(DD1
00 o

dooodd,joobdoobobodoooooooooo23ss00o0ooooon
godd,oogoooooooo2uuao,ouoon 235—92:143DDD,233U143
ogooooooooooad

dbdboouoooo, oo ooooooooooon
Oodd,0boddoo,doooodon,odo (element name), O O OO (element
symbo) U0 0000 0OOODODOODOO0O0OODDOODOODOOO0O00000O0O0O0OO
0000 (periodictable) D O OO OOOO 1150000000000 O0OOOO0ODO
0o

OoobobobobbOo0doooooobbobobbbooodgddisotopel oo™
O,00000000000000i1sotonel], 000000000000 0OMOisobard OO
DDDDDDDDDDDD,DDDD{HO,le,inﬂ 3jdo0oooooooooaad
doddodoooooooooooboobooboooooooooooooon
god,00ddoddooooboobo,ooboobooooooooooooon
doooooooo, oo ooooooooooooonod
oodoodoooooooooooooooooaoao

'00,00000000000000000000000000000000O0O00O000000
gbooobooboooobooon



32 OJOO0OO0OOOOO

O0000000 (massformula) 000000000, 00,0000000000
gobooboda, g, bbouooobbbbooooobboboooooobon
gboboboooobbboooobbobooooboboood

E = mc? (3.2)

000,c000000,c¢=299792458m-s™' 0 00 O[2]
32)0000,00m000000000 EOOOOOOOOODOOOOOOOO
0,00,0000000000000000000000000,0000 2000
000,000000000000000,0000000000000000000
00000000,0000000000000000000000, 0000000
ooooooo,
AE = Amc? (3.3)

oboo@3)oo,0gbooooboboboobooboAE00nbon AmQ
goboboooobobooon

@G2U0b0ob0,0b00bb000bUdd0bindingenergyd D0 0000OOODOO0O
gbooboouoboboggbooog,bpogbpbuogobbooobbooobbooobn
gbbobogdgbbbuooobbobuooobbobuooobobbuogzuoddoob ND
gooboooobobb jybogg,E2)yuoogon

E| = ZM,c* + NM,¢* (3.4)

0000000 AD00OO0OOOODODOOODOOOOO0O0OO0O0OOOOOD E,0000,
oooooo Mm,000,
E, = M,c? (3.5)

guoooobobob,booooobobbbooooooobobboooooo,uoo
pogoooog,
E,=E,+B (36)

B=E —-E,
=(ZM, + NM,, — My 7)c* = AMc*0] (3.7)

obooboob@7nhubobo bbb obooboobobopbobobO
b, AMO000000D000D000D0O00D0 BDDDDADDDDDD,DD%DD
gbooboooobbooooboon

@G hHoobobooooobobobossbO0bOO0ObO0ODL,bO0bLO0ODLO0OOOO0
gbobbobuodooggsbbbouooodbobbbouooobobouooooobon
gboobbooooobobobooobob BON,Zz,AUDUOOODODOOODOO
gbobooboboodbbuogboboogboooo,Zzobooo NOooobooobo
oboboboobooboobd

7’ N-Z} ¢
My7¢* = NM,& + ZM,c* + Zmo* — a,A + a,AS + a.— + aa—( L —
’ Al 4A A?

3

(3.8)



g3yubobbm OobooboobobbOob,0b021000000,
m, = 0.510998928 + 0.000000011MeV (3.9)

goboboboodd aganaesa,e 000, 000000000 00000000O00O00ODO
gbbboobbuoooobob,oobbbooaoboo

a, = 15.67MeV (3.10)
as = 17.23MeV (3.11)
a. = 0.714MeV (3.12)
a, = 93.15MeV (3.13)

0 -112MeVZONOOOOOO (@ O0O))
§={0000MeV(ADODODOODO (@ODO)) (3.14)

0 +11.2MeVZONOOODOOO (@ O0O))
(3.8)000100000,0200000,030000000,04000000,05

gobbobbouogoogobobbbouoooobobooboooooooboon
00O M40 1800000000 2300000000000

10



040 O0O00OoOoOodoon

41 0000000000

3 1000000000000 O0000000OO,000000O0O0oOooDoOoOoa
0000000000000 D0DOOO0000oooDooOoOo000o0ooooDooOn
000000000000 00000D0DO0O0 (radioative material) 0 0O OO0 00O
0000000000 (radioactive decay) O O [0 0

000000 00,00000000000000000D000D0O00DO000n
00000000, D00O000D0O0ODOO0O0O0DODOO0ODDOO0O0OOOO0O0ODO
OO00D0O000O00bOO0DoOooooooo,p0o0d00o0oDooooDoOooon
ooooo

0000000000000 0000000000000 (alflifeyb0o0o0oon
000000000000 DoOoObO00d0doooDoobOobOOo00ooooooDooOn
O000oo0ooooood

4.2 olpUdy0O0O

obhooboobuooboos3spgogoboobuo,egbopbdyoboon
gbbbbbOebObOOUOO0OO0O0OobObObOOOoooobbOb,puoooooobon
gboobooooboboggboboooobob,yooobboooobbooooobo
obobobooboobooboobooobobbos3sboobooboobon

421 000O0OOOOODOO

gobobbbeddoooooobobbbbbbboddd ebbbO0OeOn
DDD‘Z‘HCZDDDDDDDXD 0000000 DLDO0 @D oobooobo

Xy =573 Xn_2 +3 He, 4.1)

gbobobooboobooboobob 40000000

oo20,000200000000bo0b0oboboboooobooboobobon
400000000000D00000D0O00DO jHe,000000D000DO 28MeV[3]
obobobooboboobobo2b0,0b00200b000b0ob0o0obOobon
goboboooobbbooooboon

11



gbo,000b000oboboo,gobgo1bboboobooboooboboob,
;H65DDDDDDDDDDDDDDDDDDDDD,DDDIDDDDDDDDDDD
DDDDDD;‘LilDDDDDDDDDDDDD,DD 20 000000000000

00000000000 ®MgO00O0O0ODOODOOODOOO, 00000002
gboodbbuogbboooboodobbodab,ogbbobobbooobbodabb
gboooooon

422 J00O0O0OOOOOOOOO0O0O0O0OO0OOO0

gbobobbodooodgb,bbuogooobbobobodooodo,bbbouoadn
gboodg,buogobogoboggboggbbosbbogbbuoobboabn
gbbbuoogobbooodgbbppbbbugn
pbbodboogoboogbbodgboboogbbuogbbopp oo, ooboon
Oooooppgrobooon

oo, 0b00booobooboobobobooboobooboobobooonboonn (elec-
troncapture, ECO O D) DO OO0OO0O XO g OO 00, ECO00O0O0O0O00O00OO
obooboo4200,04300,0440000000000

Xy =5 Xyo1+e +7, 4.2)
0

Xy =4 Xy +e" +v, (4.3)
0

AXy + e =4 Xy +v (4.4)

Z“MN 7Z—1 “XN+1 e .
0

gboboogdbpgudbbodgbbuogbobuogbobuogobooooboo,bbogn
gbobobudyboooobbbooodyyuguooobo

423 UJ00O0OOO0OODOO

42104220 00000000000 0000O0O00000O0O00000OOO0O0O
O000O00odoobooooooooooooboooooooooyboooo,
00000000 yODODOOODODOODOODDOODODOODODDODOODODOODDOO
0000000000000 oobOO00ooooooooboooooooooon
Oo0o0oooooooo

yvOOO,O0O0O0R0000O0, 0000000000000 DOOOOODODOOO
N A V2 A A I O o
O00DOo00oooo,p00doobobooooooobooooooooog

yOOoOoooooooob,0b00b,yOOOODODODDODODODDOODO,O00
0000000oobOoddy ODbOoOoooOoO,yOoouoooOooooooOoooooo
0000000000000 bobooooodnonOn (internal conversion)
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gbogbobodbooobboo,bobbdayobboobbobboobooo,
gbbybooobogoboooobbuoobbuooo,oobbooobobodabn
gbobboooobbbooodobbon
cU0,puddobboboooobbobbooogob,oooobob,o0bob
gbboodbbyboobbooobodobbyboobbbbo,boaoboan,
OD0o0oobogobooO,b0bdd (muclearisomen) U O D OOO0O0OOO0OOOO
gbbooobbudyudb,odbbuobbooobboobuoobboodabn
gboboboogoboo,gbbobooggbobooooboboooobon

43 OOO0OO0OOOO

Ooooo,0b0b00dooobooboboodoooo,onn (stable nucleus) O O O
O0 (unstablenucleus) 0 0 00000000 00O0O0OOODOOOOOOOOOOODO
doodoo,o3co0doooooon

0000000000000 000,00000 (radionuclide, radioactive nuclide) [
0000000000 DOO0oO0ooDoOo0o0obDboooooOoOo,000oDoboo0oOooo
0100000000000 oobooDooobooboooooon
00000000000 000o0oog,0oddddOdda (artificial radionuclide)
00000000 (natural radionuclide) D O O O 0O OO

0000000000 DOO00obOo0oobOoooobooooo,oo0boooobooon
O0000b0oob0oob0ooboooboobooboOo,00b000og (primordial
radionuclide) 0 0 00O OO0 O OO (cosmogenic nuclide) 0 0 000000

O0000DOo000000oooooboooooooooooooooooon
dddddddddddodoooooooogo,8soo ploooooooooo
0o0o0o0booooooooobooooooooooooo,oo0boooooo, o
2000 [[sjlooooooad

OO0D0D0OD0ODOO (radioactive decay sequence) U U, U 00 DOO0OOO0OO0OOOOO
000000 bO0o0oooooobOo0oobOooooooooobooooDboooo,ooo
0000000000, 0db0bo0oboooobooooo,o0noooooo4000
Jo0ddd e0D0oooooooooo

43.1 o000

cU000ODOO0O0ODb4000000DODODOODO3DOOOODODOODT
gboobooooobooo

Doogbogs3goo,0bg238g0pooooogobg,bbgo 232000
oooboboboo,oob23s000ogbobooooooboob,bobo,on
U000 n00004n+2,4n,4n+30 000000000000 00O000O00O0000OO0
OOOo0oboOoooobooonbogon206,208,2070 000000000000

13



obooboboog1oob,bo00bo0b 237000000000 00b0b0onbo
Ob0d4n+1000000000O00O0O0,000000237000000000,0
gbbboogobbbuooobbboooobobboa,bbobbooaoboo

Oboo4000000004100440000

14



041: 00000 @G+200H)000000000O,SFOO spontaneus fission([ [ [
O000),ITODO isometric transision(0 O 0 00, 0000000000000 O0O0O0O
O0yOO)OOOOODODOODODOODODODOOOOOOODOOoOoOooOooooon,
00000 -000000000000000000000004

OO0 000 0000 0O0OOgo ood oooo
U 238 92 146 4.468 x 10%y o'
SF,5.5x1075%
Th 234 90 144 24.10d B
Pa 234 91 143 6.70h B
234m 91 143 1.159m B .,99.84%
IT, 0.16%
U 234 92 142 2.455 x 10°y o'
SF, 1.6 x 10™°%
Mg, 1 x 1071%
Ne, 9 x 1072%
Th 230 90 140 7.54 x 10%y @
24Ne, 6 x 1071 %
SF, 4 x 107"2%
Ra 226 88 138 1.6 x 10%y o'
4C,32%x107%%
Rn 222 86 136 3.8235d o’
Po 218 84 134 3.098m @,99.98% —Pb
0 B~,0.02% —At
At 218 85 133 1.5s @,99.90% —Bi
0 B~,0.10% —Rn
Rn 218 86 132 35ms a
Pb 214 82 132 26.8m 0O g~
Bi 214 83 131 19.9m B~ .,99.98% —Po
0 @,0.02% —TI
Po 214 84 130 164.3us o’
Pb 212 82 130 10.64h B
Bi 212 83 129 60.55m B~ ,64.06%
@,35.94%
Po 212 84 128 0.299us a
Hg 210 80 130 300ns B
Tl 210 81 129 1.30m B~ —21%pb
B n,32x107°% —>PPb
Pb 210 82 128 22.20y B —Bi
0 @,7.0 x 10 %—Hg
Bi 210 83 127 5.012d B2 —Po

0 a@,1.3x1074%—TI

15



o0 o0oo0b ooodo bobob gob oooo

Po 210 84 126  138.376d a
Pb 209 82 127 3.253h B
Bi 209 83 126 00
TI 208 81 127 3.053m B°
Pb 208 82 126 00
Hg 206 80 126 8.32m 2
TI 206 81 125 4.202m s
Pb 206 82 124 00

432 pOO0O0O

DbOOob0o0o0boobobo @ssionproduc) UO D OOOODOOOOOOOOO
goboobbood,pbugoogoboobbooooooobo,bboooan
gbbuogboboodobbuoobogopgbboogb,oobboobboodgbb
gobo,bogggobobbogogobobboooooboboobobooooob,n
ob0 1370 p000000450000

gbnoo,pogbbugobobugob,ggbbuoobbooobbogn
gbobbbodgod,bbo,ugoodoobbbbdooodoobbbooooooboo
goboboogoobboooooobon

16



042: 000000 4n00)0

OO0 000 0000 oOboo O0oad oood
Th 232 90 142 1.40 x 10"y o’
SF 1.1 x 107°%
Ra 228 88 140 5.75y B~
Ac 228 89 139 6.15h B~
Th 228 90 138 1.9116y o’
200,1.0x 10719
Ra 224 88 136 3.6319d a
4C4.0%x107°%
Rn 220 86 134 55.6s a
Po 216 84 132 0.145s a
Pb 212 82 130 10.64h O g~
Bi 212 83 129 60.55m 0 p”,64.06 0 —Po
O @,35.940 —TI
Po 212 84 128 0.229us a
Pb 210 82 128 22.20y B” —Bi
0 ,1.9x 107%%—Hg
Bi 210 83 127 5.012d B —Po
0 @,1.3x107%—TI
Po 210 84 126 138.376d a
Tl 208 81 127 3.053m O p-
Pb 208 82 126 oo
Hg 206 80 126 8.32m O -
Tl 206 81 125 4.202m O g~
Pb 206 82 124 ood

17



043: 00000000 (4n+300)0

oo dod oooo oood ooo goodn
U 235 92 143 7.038 x 10%y o'
SE,7.0 x 107°%
8Mg,8.0 x 107199
Ne,8.0 x 1071°%
Th 231 90 141 25.52h B~
a,4.0x 1071
Pa 231 91 140 3.276 x 10%y @
SF2.0 x 10719
Ra 227 88 139 42.2m B
Ac 227 89 138 21.772y BY,98.620 —Th
«a,1.38 0 —Fr
Th 227 90 137 18.68d a
Fr 223 87 136 22.00m B~ —Ra
0 ,(6.0x 1073 0)—At
Ra 223 88 135 11.43d a
14C8.9x107%%
At 219 85 134 56s 0 «,97.000 —Bi
B0 —Rn
Rn 219 86 133 3.96s a
Pb 215 82 133 147s O g~
Bi 215 83 132 7.6m 0 po
Po 215 84 131 1.781ms O a—Pb
BY,(23x 107 0)—At
At 215 85 130 0.10ms o'
Pb 211 82 129 36.1m B
Bi 211 84 127 2.14m @,99.72%—TI
B 5,0.28%—Po
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#include <stdio.h>
#include <math.h>

main()
{
int Z; /0000000000003
int N; //0000
double Mx; //000000
double H 938.7829; //(MeV):ODOOOOOO
double n 939.5652; //(MeV):000O0OO0O
double u = 931.4939; //(MeV): 0O O0O0O0O
double a = 1.433e-5; //(QMeV): 000000000 OOOOOOOOODOOO
double E; //0000000O

printf("ZOO0O");
scanf("%d" ,&Z);

printf("NOOO");
scanf("%d",&N);

printf("MOO0O");
scanf("%£f",&M) ;

printf("E=%f\n",M - Z *(H-u) - N*(n-u) +a *( pow(Z,2.39) - Z );

return 0;

2)52000000bo0buoobuoobuoobobbobooboon

/-k

doooooooooono
0oooooooooobooooooooooooooooo
20140 70 2300 created from scratch by 00000
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decay-ex1

*/

#include
#include
#include
#include

int main(

{
double
double
double
double
double
double
double
double
char t

t0000o00oooon

ifd0goobooobogoobobobobobOoboo

<stdio.h>
<math.h>
<stdlib.h>
<ctype.h>

)

t; //00

halflife; //000O

lambda; //0000A\

nl; //nl 00000000000 DOOOOOO0OO

n2; //n2 00000000000 DOO0OOOO00O0

a; //0000 1

t2; //0000 2

halflife2; //0000 3Chalflife0000O0O0ODOOOOOOOOOOO0O)
imeunit[16]; // 0D0D0OO0OO0OO0O00O0O0O0OOODOO

printf("# A 000 : ");

scanf(

"%1f",&lambda) ;

printf("# lambda=%f\n",lambda);

printf("# T_(1/2)");

scanf(

"%1£f",&halflife);

printf("# timeunit");

scanf(

"%S",&timeunit) ;

printf("# halflife=%f unit=%s\n",halflife,timeunit);

// exit

®);

if(toupper(timeunit[0])=="Y"){
halflife2=halflife * 365.25 * 86400;

else if(toupper(timeunit[0])=="D’){
halflife2=halflife * 86400;

else if(toupper(timeunit[0])=="H’){
halflife2=halflife * 3600;

else if(toupper(timeunit[0])=="M"){
halflife2=halflife * 60;

else if(toupper(timeunit[0])=="S"){
halflife2=halflife;
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else{
printf("eroor\n");

}s
printf("%f\n" ,halflife2);

t2=halflife2 / 500;
for(t=0;t<halflife2 * 3;t=t+t2){
a=-log(2) / halflife2 * t;
nl=exp(a);
n2=1 - nl;

printf("%e %f %f\n",t,nl,n2);
}

return 0;

2)yjbooo20000000

30.1
Y

js3pogoooooobogbuoobooboboboobooboon

/%
dooooooooooo
ododooooooooooooooooooooooooooo
dooogdso300000b0b0o0o00dooooooon
201400 70 2700 created by 0000 d

* /

#include <stdio.h>
#include <math.h>

#include <stdlib.h>
#include <ctype.h>

int mainQ)

{
double t; //00 (O)
double halflife; //000 (timeunitOOO0OOO0OOOO)
double nl1; //n1 0000 10000000=100000
double n2; //n2 0000 20000000=000000
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double n3; //n3 0DO0O0O 30000000=0000000

double a; //0000O 1

double b; //0000 2

double c; //0000 3

double pl1; //000 1

double p2; //000 2

double halflife2; //000 (OO0O)

double t2; //halflife20 50000000
char timeunit[16]; // halflife00O0O00O0O

printf("# T_(1/2)7:");
scanf("%1£f",&halflife);
printf("# timeunit?:");
scanf("%s",timeunit);

print£("'O0O0O 10");
scanf("%1£f",&pl);
printf£("O 00O 20");
scanf("%1£f",&p2);

printf("# halflife=%f unit=%s\n",halflife,timeunit);

if(toupper((int) timeunit[0])==Cint)’Y’){
halflife2=halflife * 365.25 * 86400;

}

else if(toupper((int)timeunit[®])==(int)’D’){
halflife2=halflife * 86400;

3

else if(toupper((int)timeunit[0])==(int)’H’){
halflife2=halflife * 3600;

3

else if(toupper((int)timeunit[0])==(int) 'M’){
halflife2=halflife * 60;

}

else if(toupper((int)timeunit[0])==(int)’S’){
halflife2=halflife;

3

else{
printf("eroor\n");

}s

printf("# halflife=%f (sec)\n",halflife2);

printf("# time(sec), no. of nuclide 1, no. of nuclide 2,no.

t2=halflife2 / 500;
for(t=0;t<halflife2 * 3;t=t+t2){
a=-log(2) / halflife2 * t;
b=a * pl;
c=a * p2;
nl=exp(a);
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n2=b / a *(1-nl);
n3=c / a *(1-nl);
// 0000000000 10000000=1020000000=0)00 30
o0 @ooo=e)
printf("%e %f %f %f\n",t,nl,n2,n3);
}

return O;

y)oogooo3nogoooon

1.277e04
year
0.1072
0.8928

4540 0000000000 0DOD0DODOOOODOODODODODOO

/-.':

oooooooooooa
O30000000000002000000000000000
20140 80 2700 created from scratch by 00000

,‘/

#include <stdio.h>
#include <math.h>

#include <stdlib.h>
#include <ctype.h>

double time_unit_converter(double halflifel,char *timeunit);
double time_unit_converter2(double halflife2,char *timeunit2);
int main(Q)
{
double t; //00
double halflifel; //000
double halflife2; //000O
double nl; //n1 OO0OO0OO0OO0O0OODOOOOOOOOOO
double n2; //n2 OO00O0OODOOOOOOO0OO0OOOOOO
double n3; //n2 0000 300000000000000O
double a; //0000 1
double b; //0000 2
double t2; //0000 3

double tuc; //00000000O 1

double tuc2; //00000000 2
double hll; //0000000O00O0O1
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double hl2; //000000000O0O0O 2
char tull[le]; //000000O000O00O00O0O 3
char tu2[l6]; //000000000O00O00O 4

printf("# T_(1/2)1");

scanf("%1f",&h11);

printf("# timeunit");

scanf("%s",tul);

printf("# T_(1/2)2");

scanf("%1£f",&h12);

printf("# timeunit2");

scanf("%s",tu2);

printf("# halflife=%f unit=%s\n",hll,tul);
printf("# halflife=%f unit=%s\n",hl2,tu2);

tuc=time_unit_converter(hll,tul);
tuc2=time_unit_converter2(hl2,tu2);

printf("%£f\n", tuc);

for(t=3600;t<tuc * 3;t=t*1.03){
a=log(2) / tuc ;
b=log(2) / tuc2 ;
nl=exp(-a * t);
n2=a / (a - b) * (exp(-b * t) - exp(-a * t));
n3=b / (a - b) * exp(-a *t) - (a/ (a- b)) * exp(-b * t) + 1;
printf("%e %e %e %e\n",t,nl,n2,n3);
}

return 0;

}

double time_unit_converter(double halflifel,char *timeunit)

{
double halflifela;

if(toupper((int)timeunit[0])==Cint) 'Y’ ){
halflifela=halflifel * 365.25 * 86400;
3

else if(toupper((int)timeunit[0])==(int)’D’){
halflifela=halflifel * 86400;

}

else if(toupper((int)timeunit[0])==(int) 'H’){
halflifela=halflifel * 3600;

}

else if(toupper((int)timeunit[0®])==(int) 'M’){
halflifela=halflifel * 60;
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}

else if(toupper((int)timeunit[0])==(int)’S’){
halflifela=halflifel;

}

else{

printf("eroor\n");

};

return halflifela;

}

double time_unit_converter2(double halflife2,char *timeunit2)

{
double halflife2a;

if(toupper((int) timeunit2[0])==Cint)’Y’){
halflife2a=halflife2 * 365.25 * 86400;
}

else if(toupper((int)timeunit2[0])==Cint)’D’){
halflife2a=halflife2 * 86400;

3

else if(toupper((int)timeunit2[0])==(int)’H’){
halflife2a=halflife2 * 3600;

3

else if(toupper((int)timeunit2[0])==Cint) ’M’){
halflife2a=halflife2 * 60;

3

else if(toupper((int)timeunit2[0])==Cint)’S’){
halflife2a=halflife2;

3

else{

printf("eroor\n");

};

return halflife2a;

)00 4000b0oon
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#include <stdio.h>
#include <math.h>

#include <stdlib.h>
#include <ctype.h>

double time_unit_converter(double halflifel,char *timeunit);
double time_unit_converter2(double halflife2,char *timeunit2);
int mainQ)
{
double t; //00
double halflifel; //000O
double halflife2; //000
double nl1; //n1 OO0OOODOOOOOOO0O0OOOOOO
double n2; //n2 DO OOO0O0OOOOOOOOOOOOO
double n3; //n2 OO0O0O300000000000000O
double pl; //000 1
double p2; //000 2
double a; //0000 1
double b; //0000 2
double c; //0000 3
double d; //0000 4
double t2; //0000 5

double sum; //00000000O 1
double sum2; //00000000 2
double hl1l; //

double hl2; //

char tul[l16]; //

char tu2[16]; //

printf("# T_(1/2)1");
scanf("%1f",&hl11);
printf("# timeunit");
scanf("%S",&tul);
printf("pl");
scanf("%1£f",&pl);
printf("# T_(1/2)2");
scanf("%1£f",&h12);
printf("# timeunit2");
scanf("%S",&tu2);
printf("p2");
scanf("%1£f",&p2);
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printf("# halflife=%f unit=%s pl=%f\n",hll,tul,pl);
printf("# halflife=%f unit=%s p2=%f\n",hl2,tu2,p2);

sum=time_unit_converter(hll,tul);
sum2=time_unit_converter2hl2, tu2);

printf("%f\n", sum);

t2=sum / 500;
for(t=0;t<sum * 3;t=t+t2){

a=log(2) / sum ;
b=log(2) / sum2 ;
c=a * pl;
d=b * p2;
nl=exp(-a * t);
n2=c / (a - b) * (exp(-b * t) - exp(-a * t));

n3=l - (1 -c/ ((@-b)) *exp(-a*t) -c/ (a-Db) * exp(-b *

printf("%e %f %f %f\n",t,nl,n2,n3);
}

return 0;

}

double time_unit_converter(double halflifel,char *timeunit)

{
double halflifela;

if(toupper(timeunit[0])=="Y"){
halflifela=halflifel * 365.25 * 86400;

}
else if(toupper(timeunit[0])=="D’){
halflifela=halflifel * 86400;
}
else if(toupper(timeunit[0])=="H’){
halflifela=halflifel * 3600;
}
else if(toupper(timeunit[0])=="M"){
halflifela=halflifel * 60;
}
else if(toupper(timeunit[0])=="S’){
halflifela=halflifel;
}

else{
printf("eroor\n");

s

return halflifela;
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double time_unit_converter2(double halflife2,char *timeunit2)

{
double halflife2a;

if(toupper(timeunit2[0])=="Y"){
halflife2a=halflife2 * 365.25 * 86400;

else if(toupper(timeunit2[0])=="D"){
halflife2a=halflife2 * 86400;

else if(toupper(timeunit2[0])=="H’){
halflife2a=halflife2 * 3600;

else if(toupper(timeunit2[0])=="M’){
halflife2a=halflife2 * 60;

else if(toupper(timeunit2[0])=="S"){
halflife2a=halflife2;

else{
printf("eroor\n");
}s

return halflife2a;

S ogoogosoooogoon

/-.':

oooooooooooao
2000000000000000

20140 90 500 created from scratch by 0O Q03000

if000000d0b0ooboob0booboobobon
:':/

#include <stdio.h>
#include <math.h>

#include <stdlib.h>
#include <ctype.h>

double time_unit_converter(double halflifel,char *timeunit);
double time_unit_converter2(double halflife2,char *timeunit2);
int mainQ)
{

double t; //00
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double halflifel; //000O

double halflife2; //000

double nl; //nl OO0O0O0ODOOO0ODOOO0OOOOOOOO
double n2; //n2 OO00OODODOOOOOOO0O0O0OOOOO
double n3; //n2 0000 300000000000000O
double pl; //000 1

double p2; //000 2

double a; //0000 1

double b; //0000 2

double c; /0000 3

double d; //0000 4

double t2; //0000 5

double sum; //00000000O 1
double sum2; //00000000 2
double hl1; //

double hl2; //

char tul[16]; //

char tu2[16]; //

printf("# T_(1/2)1");

scanf("%1f",&hl11);

printf("# timeunit");

scanf("%S",&tul);

printf("pl");

scanf("%1£f",&pl);

printf("# T_(1/2)2");

scanf("%1f",&h12);

printf("# timeunit2");

scanf("%S",&tu2);

printf("p2");

scanf("%1f",&p2);

printf("# halflife=%f unit=%s pl=%£f\n",hll,tul,pl);
printf("# halflife=%f unit=%s p2=%f\n",hl2,tu2,p2);

sum=time_unit_converter(hll,tul);
sum2=time_unit_converter2(hl2, tu2);

printf("%f\n",sum);

t2=sum / 500;
for(t=0;t<sum * 3;t=t+t2){

a=log(2) / sum ;
b=1log(2) / sum2 ;
c=a * pl;
d=b * p2;
nl=exp(-a * t);
n2=c / (a - b) * (exp(-b * t) - exp(-a * t));
n3=1 - (1 -c/ (@-b)) “exp(-a*1t) -c/ (a-Db) * exp(-b * 1);
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printf("%e %f %f %f\n",t,nl,n2,n3);
3

return 0;

}

double time_unit_converter(double halflifel,char *timeunit)

{
double halflifela;

if(toupper(timeunit[0])=="Y"){
halflifela=halflifel * 365.25 * 86400;

}
else if(toupper(timeunit[0])=="D’){
halflifela=halflifel * 86400;
}
else if(toupper(timeunit[0])=="H’){
halflifela=halflifel * 3600;
}
else if(toupper(timeunit[0])=="M"){
halflifela=halflifel * 60;
}
else if(toupper(timeunit[0])=="S’){
halflifela=halflifel;
}

else{
printf("eroor\n");
}s

return halflifela;

}

double time_unit_converter2(double halflife2,char *timeunit2)

{
double halflife2a;

if(toupper(timeunit2[0])=="Y"){
halflife2a=halflife2 * 365.25 * 86400;

}
else if(toupper(timeunit2[0])=="D’){
halflife2a=halflife2 * 86400;
}
else if(toupper(timeunit2[0])=="H"){
halflife2a=halflife2 * 3600;
}
else if(toupper(timeunit2[0])=="M’){
halflife2a=halflife2 * 60;
}
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else if(toupper(timeunit2[0])=="S"){
halflife2a=halflife2;

else{
printf("eroor\n");
3

return halflife2a;

6ouogobobboboooboobooboon

6-1) Makefile

.PHONY: all clean reset

all: decay_chain_ac.exe

decay_chain_ac.exe: decay_chain_ac.o set_lambda.o
gcc -o decay_chain_ac.exe decay_chain_ac.o set_lambda.o -1m
decay_chain_ac.o: decay_chain_ac.c

gcc -g -Wall -c decay_chain_ac.c

set_lambda.o: set_lambda.c

gcc -g -Wall -c set_lambda.c

clean:

rm -f decay_chain_ac.o set_lambda.o

reset:clean

rm -f decay_chain_ac.exe

6-2) Header file

/ %

decay_chain_ac.h : to be included by decay_chain_ac.c and set_lambda.c
2014/9/5-10 created

% /

#define M 300 // maximum number of nuclides considered in the calculation
#define BIGNUM 1.0e+300 // a number used as infinity
#define BIGNUMO® 1.0e+299 // a number used as maximum finite number

enum{sec,min,hour,day,year};

#ifdef MAIN_SOURCE_FILE

double lambda[M][M]; // decay-rate matrix

double halflife[M]; // array of halflives

char *nuclide[M]; // array of pointers to character strings for nuclides
int nn; // the number of nuclides considered in the decay calculation
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#else

extern double lambda[M][M];
extern char *nuclide[M];
extern double halflife[M];
extern int nn;

#endif

double time_in_sec(double time,int timeunit);
double halflife_to_decayrate(double halflife);

6-3) The main source file of the C program

/ %

decay_chain_ac.c : decay chain of Actinides

2014/9/2-10 Version 1 created by utilizing decay_chain_fp.c (fp=fission products)
% /

#include <stdio.h>

#include <math.h>

#include <stdlib.h>

#include <string.h> // for strncmp()

#define MAIN_SOURCE_FILE
#include "decay_chain_ac.h"

double n[M]; // population of each nuclei
double n®[M]; // initial population of nuclei
double c[M][M]; // coefficients used to express the solutions

int alpha_chain(char *init_nucl, double tmin, double tmax, int ntime, FILE *fp_evo);
int set_initial_state(char *init_nucl);

int solve_c(Q);

double n_of_t(int i,double time);

int time_evolution(double tmin, double tmax, int ntime, FILE *fp_evo);

int make_script(FILE *fp);

int make_gnuplot_script(FILE *fp);

int check_sum_n(double tmin,double tmax,int ntime);

int check_derivative(double tmin,double tmax,int ntime);

int set_lambda();

int main(){
double tmin=1.0e-3; // Ims ; -1.0 for automatic determination;
double tmax=1.0e+16; // 100years ; -1.0 for automatic determination;
int ntime=2000; // -1 for default value = 100;
FILE *fp_evo=NULL; // file to write time evolution
FILE *fp_scr=NULL; // file to write a shell script to divide time evolution data
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}

fp_evo=fopen("time_evolution.dat","wt");
if(fp_evo == NULL){
fprintf(stderr,"failed to open time evolution output file\n");
exit(l);
}
//alpha_chain("Uuo294",tmin=1e-005, tmax=1e+40,ntime, fp_evo);
//alpha_chain("Uut278",tmin=1e-06, tmax=1e+16,ntime, fp_evo);
//alpha_chain("U238",tmin=1e-005, tmax=1e+40,ntime, fp_evo) ;
//alpha_chain("Np237",tmin=1e-005, tmax=1e+40,ntime, fp_evo);
//alpha_chain("U235",tmin=1e-005, tmax=1e+30,ntime, fp_evo) ;
//alpha_chain("Th232",tmin=1e-005, tmax=1e+40,ntime, fp_evo);
if(fclose(fp_evo) !=0){
fprintf(stderr,"failed to close evolution output file\n");

}

fp_scr=fopen("time_evolution.sh","wt");

if(fp_scr == NULL){
fprintf(stderr,"failed to open shell-script to grep time_evolution.dat\n");
exit(1l);

3

make_script(fp_scr);

if(fclose(fp_scr) !'=0){
fprintf(stderr,"failed to close shell-script to grep time_evolution.dat\n");

}

fp_scr=fopen("time_evolution.plt","wt");
if(fp_scr == NULL){
fprintf(stderr,"failed to open gnuplot script to plot time_evolution data\n");
exit(l);
}
make_gnuplot_script(fp_scr);
if(fclose(fp_scr) !=0){
fprintf(stderr,"failed to close gnuplot script to plot time_evolution data\n");
3

return 0;

int alpha_chain(char *init_nucl, double tmin, double tmax, int ntime, FILE *fp_evo){

int i,j,k,1,ng,degeneracy;

set_lambda();
set_initial_state(init_nucl);

printf("initial population = 1 for %s\n",init_nucl);

for(j=0; j<nn; j++){
printf(" For nuclide %s, n(t=0)=%6.3f\n",nuclide[j],n0[j]);
for(i=0;i<j;i++){ // check whether there is the same nuclei
if(strncmp(nuclide[i],nuclide[j],16)==0){
printf("Error: Entries no. %d and no. %d are the same\n",i,j);
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}
}
}

printf("\n lambda[®..%d][0..%d]=\n",nn-1,nn-1);
ng=0; // increased from zero if matrix lambda is not lower triangular
degeneracy=0; // changed to >0 if diagonal elements are equal
for (k=0;k<nn;k++){
for(1=0;1<nn;1++){
//printf(" %15.7e",lambda[k][1]);

printf(" %s",lambda[k][1] == 0.0 ? "." : "*" );

if(1>k && lambda[k][1]!=0.0) {

ng++;

fprintf(stderr,"\n error non zero lambda for %d %s %d %s\n",k,nuclide[k],1,nuclidel
if(l!=k &&

fabs(lambda[k] [k]-lambda[1][1])/
(fabs(lambda[k] [k])+fabs(lambda[1][1])+1.0e-100)
<1.0e-13) degeneracy++;
}
printf("\n");
3
if(ng>0){
printf("lambda is not lower triangular %d\n",ng);
exit(l);
}
if(degeneracy>0) {
printf("eigen values of lambda are degenerated %d/2\n",degeneracy);
exit(l);
3

printf("\n n0[0..%d]=\n",nn-1);
for (k=0;k<nn;k++){
printf(" %12.5e",n0[k]);
3
printf("\n");

solve_cQ);

printf("\n c[0..%d][0..%d]=\n",nn-1,nn-1);
for (k=0;k<nn:k++){
for(1=0;1<nn;1++){
printf(" %15.7e",c[k][11);
}
printf("\n");
}

if(tmin < 0.0){
tmin=BIGNUM;
for(i=0;i<nn;i++){
ifChalflife[i]>BIGNUMO®) continue;
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if(tmin>halflife[i]) tmin=halflife[i];

}
tmin*=0.01;
}
if(tmax < 0.0){
tmax=0.0;
for(i=0;i<nn;i++){
if(halflife[i]<BIGNUM®) tmax+=halflife[i];
}
tmax*=30.0;
3

if(tmin>tmax || tmin <= 0.0 || tmax > BIGNUM®) {
fprintf(stderr,"error: tmin=%e tmax=%e\n",tmin,tmax);
exit(0);

}

if(ntime<®) ntime=100;

time_evolution(tmin,tmax,ntime, fp_evo);
check_sum_n(tmin, tmax,ntime);
check_derivative(tmin,tmax,ntime);
return 0;

}

int set_initial_state(char *init_nucl){
int i,c=0;

for(i=0;i<nn;i++){
if(strncmp(init_nucl,nuclide[i], 16)==0){
n®[i]=1.0;
C++;
3
else{
n0[i]=0.0;
}
}
if(c==1){
return 0;
}
else{
fprintf(stderr,"set_initial_state: error: %d %s\n",c,init_nucl);
for(i=0;i<nn;i++) fprintf(stderr,"%d %s\n",i,nuclide[i]);
exit(1l);
}
}

int solve_c(Q{
int i,j,k;
double cjk; //c_[j1[k]
double laikckj; //lambda_[i][k]*c_[k][j]
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for(j=0;j<nn;j++){
i£(3==0){
c[j1[j1=n0[0];
}
else{
cjk=0;
for(k=0;k<=j-1;k++){
cjk+=c[j1[Kk];
}
c[j1[31=n0[j]-cjk;
}
if(j<nn-1){
for(i=j+1;i<nn;i++){
laikckj=0;
for(k=j;k<=i-1;k++){
laikckj+=(lambda[i] [k]*c[k][j1);
}
c[il[jl=Claikckj)/(-lambda[i][i]+1lambdal[j][j]1);
}
3
3

return 0;

}

double n_of_t(int i,double time){
int j;
double s=0;

for(j=0;j<=i;j++){
s+=c[i] [j]1*exp(lambdal[j][j]*time);
}

return s;

}

int time_evolution(double tmin, double tmax, int ntime, FILE *fp_evo){
int i,it;
double r,rr,t,bq;

r=pow(tmax/tmin, 1.0/ (ntime-1));
printf("\n# time n[0..%d]\n",nn-1);

rr=1;
for(it=0; it<=ntime; it++){
if(it==0){
t=0;
}
else{
t=tmin*rr;
rr*=r;
}

for(i=0;i<nn;i++){
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n[i]=n_of_t(i,t);
bg=n[i]*fabs(lambda[i][i]); // becquerel= decays per second
if(bg<1.0e-99) bg=0.0;
if(fabs(n[i])<1.0e-99) n[i]=0.0;
if(fp_evo != NULL){
fprintf(fp_evo,"%11.5e %12.5e %12.5e %d %s \n",t,n[i],bq,it,nuclide[i]);
3
}
3
return 0;

}

int make_script(FILE *fp){
int i;

if(fp==NULL) return 0;
for(i=0;i<nn;i++){

fprintf(£fp,"grep %s time_evolution.dat > %s.dat\n",nuclide[i],nuclide[i]);
}

return 0;

int make_gnuplot_script(FILE *fp){
int i;

if(fp==NULL) return 0;
fprintf(£fp,"set logscale xy\n i=1\n j=2\n plot [le-2:1e+32][le-16:1.5]\\\n");
for(i=0;i<nn-1;i++){

fprintf(fp,"\"%s.dat\" u i:j t \"%s\" w 1,\\\n",nuclide[i],nuclide[i]);
}
fprintf(fp,"\"%s.dat\" u i:j t \"%s\" w 1\n",nuclide[nn-1],nuclide[nn-1]);
return 0;

}

int check_sum_n(double tmin,double tmax,int ntime) {
double s=0.0,s0=0.0,ds=0.0,maxerror=0.0,time=0.0;
double r,rr;
int i,itime=0;

for(i=0;i<=nn-1;i++){
s0+=n0[i];
3
r=pow(tmax/tmin, 1.0/ (ntime-1));
rr=1;
for(itime=1;itime<=ntime;itime++) {
time=tmin*rr;
rr*=r;
s=0.0;
for(i=0;i<nn;i++){
n[i]=n_of_t(i,time);
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if(n[i]>=0){
s+=n[i];
3
else if(n[i]<-1.0e-16){ // -1.0e-20 makes false err message
printf("check_sum_n:error:negative n[%d]=%15.7e at t=%d\n"
,i,n[i],itime);
3
}
ds=fabs(s-s0);
if(ds>1.0e-9){
printf("check_sum_n:warning:large error %.5e at time %.5e\n",ds,time);
}
if(maxerror<ds) maxerror=ds;
}
printf("\nSigma n’s max error =%.7e, max relative error=%.7e\n"
,maxerror ,maxerror/(s0+1.0e-99));
return 0;

int check_derivative(double tmin,double tmax,int ntime){
double sumn,dn,ds,dt,time,dtopt,r,rr;
double relative_error, max_relative_error=0.0, maxerror=0.0;
double dsl,ds2,ds3,ds4,ds5,dsmin;
int i,j,k,itime;
const int printlevel = 0;

r=pow(tmax/tmin,1.0/(ntime-1));
rr=1;
for(itime=0;itime<=ntime;itime++){ //ntime_partition
if(itime==0){
time=0;
}
else{
time=tmin*rr;
rr*=r;
}
if(printlevel>0) printf("%11.5e",time);
for(i=0;i<nn;i++){
n[i]=n_of_t(i,time);
sumn=0.0;
for(j=0;j<nn; j++){
sumn+=lambdali][j]1*n[j];

}
dsmin=ds1=ds2=ds3=ds4=ds5=BIGNUM;
dt=1.0e-12;

for(k=1;k<=200;k++){ // search dt which minimizes the error
dn=(- n_of_t(i,time+dt*2)+8*n_of_t(i,time+dt)
-8*n_of_t(i,time-dt) + n_of_t(i,time-dt*2))/(12%dt);
ds5=ds4; ds4=ds3; ds3=ds2; ds2=dsl; dsl=fabs(dn-sumn);
ds=(ds1+ds2+ds3+ds4+ds5)/5.0;
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if(dsmin > ds) {dsmin=ds; dtopt=dt;}
dt=dt*1.77827941; // 10°(1/4)=1.778
if(dt>tmax) break;
}
ds=dsmin;
if(maxerror<ds) maxerror=ds;
relative_error=ds/(fabs(sumn)+1.0e-50);
if(printlevel==1) printf(" %12.5e",ds);
if(printlevel==2) printf(" %12.5e",relative_error);
if(printlevel==3) printf(" %12.5e %12.5e",ds,dtopt);
if(printlevel>3) printf(" %12.5e %12.5e",relative_error,dtopt);
if(max_relative_error<relative_error) max_relative_error=relative_error;
}
if(printlevel>®)printf("\n");
}
printf("\ndn/dt’s max error=%.7e, max relative error=%.7e\n"
,maxerror,max_relative_error);

return 0;
}
/=
double time_in_sec(double time,int timeunit){
switch(timeunit){
case sec :return time;break;
case min :return time*60.0;break;
case hour :return time*3600.0;break;
case day :return time*86400.0;break;
case year :return time*86400.0%365.0;break;
default :
fprintf(stderr,"time_in_sec:unknown time unit\n");
exit(1l);
3
}

double halflife_to_decayrate(double halflife){ // T_{1/2} -> lambda converter
const double 1n2=1og(2.0);
static int zero_counter=0;

if(halflife>BIGNUMO){
return (++zero_counter +10)*1.0e-31; // to avoid degeneracy of zero

3
return (In2/Chalflife));

6-4) Data routine for the example chain

/7':
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set_lambda.c : set decay rate values for decay chains of ex
2015/1/30 created
% /

#include <stdio.h>
#include <stdlib.h> // for exit(Q)

#include "decay_chain_ac.h"

#define DIAGELEM(NC,HL,TU) {nuclide[NC]=#NC;\

halflife[NC]=time_in_sec(HL,TU);\

lambda[NC] [NC]=-halflife_to_decayrate(halflife[NC]);}
// NC:nuclide, HL:halflife, TU:time unit

#define OFFDIAG(P,D,BR); lambda[D][P]=-1lambda[P][P]*(BR)
// P:parent nuclide, D:daughter nuclide, BR:branching ratio

int set_lambda(){
enum{A,

END};
int i,j;
nn=END; // the number of nuclides, nn is a global variable
if(M<nn) exit(1);
for(i=0;i<nn;i++){for(j=0;j<nn;j++)lambda[i][j]=0;}

// diagonal elements of decay-rate matrix
DIAGELEM(A, 10e7 ,sec );
DIAGELEM(B, 10e2 ,sec );
DIAGELEM(C, 1.0 ,sec );
DIAGELEM(D, 10e4 ,sec );
DIAGELEM(E, BIGNUM ,sec );

// off-diagonal elements of decay-rate matrix
OFFDIAG(A, B, 1.0 );

OFFDIAG(B, C, 1.0 );
OFFDIAG(C, D, 1.0 );
OFFDIAG(D, E, 1.0 );
return 0;

6-5) Data routine for the Thorium chain

/:':
set_lambda.c : set decay rate values for decay chains of Actinides
2014/9/8-10 created

75



* /

#include <stdio.h>
#include <stdlib.h> // for exit()

#include "decay_chain_ac.h"

#define DIAGELEM(NC,HL,TU) {nuclide[NC]=#NC;\

halflife[NC]=time_in_sec(HL,TU);\

lambda[NC] [NC]=-halflife_to_decayrate(halflife[NC]);}
// NC:nuclide, HL:halflife, TU:time unit

#define OFFDIAG(P,D,BR) lambda[D][P]=-lambda[P][P]*(BR)
// P:parent nuclide, D:daughter nuclide, BR:branching ratio

int set_lambda(){

enum{Th232,

Ra228,

Ac228,

Th228,

Ra224,

Rn220,

Po216,

Pb212,

Bi212,

Po212,

Pb210,

Bi210,

Po210,

T1208,

Pb208,

Hg206,

T1206,

Pb206,

FP,

END};
int i,j;
double r; // branching ratio
nn=END; // the number of nuclides, nn is a global variable
if(M<nn) exit(1);
for(i=0;i<nn;i++) {for(j=0;j<nn;j++)lambdali][j]1=0;}

// diagonal elements of decay-rate matrix
// nuclides in A=4n sequence

DIAGELEM(Th232, 1.40el0 ,year );
DIAGELEM(Ra228, 5.75 ,year );
DIAGELEM(Ac228, 6.15 ,hour );
DIAGELEM(Th228, 1.9116 ,year );
DIAGELEM(Ra224, 3.6319 ,day );
DIAGELEM(Rn220, 55.6 ,sec );
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//

//

/7

// off-diagonal elements of decay-rate matrix
decays from nuclides in A=4n sequence

//

//

DIAGELEM(Po216,
DIAGELEM(Pb212,
DIAGELEM(Bi212,
DIAGELEM(Po212,
DIAGELEM(Pb210,
DIAGELEM(Bi210,
DIAGELEM(Po210,
DIAGELEM(T1208,
DIAGELEM(Pb208,
DIAGELEM(Hg206,
DIAGELEM(T1206,
DIAGELEM(Pb206,
DIAGELEM(FP,
nuclides in

nuclides in

nuclides in

r=1.le-11;
OFFDIAG(Th232,
OFFDIAG(Th232,
OFFDIAG(Ra228,
OFFDIAG(Ac228,
r=1le-13;
OFFDIAG(Th228,
OFFDIAG(Th228,
r=4.0e-11;
OFFDIAG(Ra224,
OFFDIAG(Ra224,
OFFDIAG(Rn220,
OFFDIAG(P0216,
OFFDIAG(Pb212,
r=0.3594e-2;
OFFDIAG(Bi212,
OFFDIAG(Bi212,
OFFDIAG(Po212,
r=1.9e-8;
OFFDIAG(Pb210,
OFFDIAG(Pb210,
r=1.3e-6;
OFFDIAG(Bi210,
OFFDIAG(Bi210,
OFFDIAG(T1208,
OFFDIAG(Hg206,
OFFDIAG(T1206,

decays from

0.145 ,sec );
10.64 ,hour) ;
60.55 ,min );
0.299e-6 ,sec );
22.20 ,year );
5.012 ,day );
138.376 ,day );
3.053 ,min );
BIGNUM ,sec );
8.32 ,min );
4.202 ,min );
BIGNUM ,min );

BIGNUM, min );
A=4n+1 sequence

A=4n+2 sequence

A=4n+3 sequence

Ra228,
FP,

Ac228,
Th228,

1-r );
r J;

1.0 );
1.0 );

Ra224,
Pb208,

Rn220, 1
Pb210, r
Po216, 1.
Pb212, 1
Bi212, 1

P0212,
T1208, r
T1208,

Bi210,
Hg206,

Po210, 1
T1206, r
Pb208, 1.
T1206, 1
Pb206, 1

nuclides in A=4n+1 sequence
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//  decays from nuclides in A=4n+2 sequence
// decays from nuclides in A=4n+3 sequence

return 0;

}

6-6) Data routine for the Neptunium chain

/:':
set_lambda.c : set decay rate values for decay chains of Actinides
2014/9/8-10 created

,‘/

#include <stdio.h>
#include <stdlib.h> // for exit()

#include "decay_chain_ac.h"

#define DIAGELEM(NC,HL,TU) {nuclide[NC]=#NC;\

halflife[NC]=time_in_sec(HL,TU);\

lambda[NC] [NC]=-halflife_to_decayrate(halflife[NC]);}
// NC:nuclide, HL:halflife, TU:time unit

#define OFFDIAG(P,D,BR); lambda[D][P]=-1lambda[P][P]*(BR)
// P:parent nuclide, D:daughter nuclide, BR:branching ratio

int set_lambda(){
enum{Np237,
Pa233,
U233,
Th229,
Ra225,
Ac225,
Fr221,
Ra221,
At217,
Rn217,
Bi213,
Po213,
Bi21l1,
Po211,
T1209,
Pb209,
Bi209,
T1207,
Pb207,
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Hg205,
T1205,
FP,
END};
int i,j;
double r,r2,r3; // branching ratio
nn=END; // the number of nuclides, nn is a global variable
if(M<nn) exit(1);
for(i=0;i<nn;i++) {for(j=0;j<nn;j++)lambdal[i][j]1=0;}

// diagonal elements of decay-rate matrix
// nuclides in A=4n sequence

// nuclides in A=4n+1 sequence
DIAGELEM(Np237, 2.144e6 ,year );

DIAGELEM(Pa233, 26.975 ,day );
DIAGELEM(U233, 1.592e5 ,year );
DIAGELEM(Th229, 7932 ,year );
DIAGELEM(Ra225, 14.9 ,day );
DIAGELEM(Ac225, 10.0 ,day );
DIAGELEM(Fr221, 4.9 ,min );

DIAGELEM(Ra221, 28 ,sec );

DIAGELEM(At217, 32.3e-3 ,sec );
DIAGELEM(Rn217, 0.54e-3 ,sec );

DIAGELEM(Bi213, 45.59 ,min );
DIAGELEM(Po213, 3.72e-6 ,sec );
DIAGELEM(Bi211, 2.14 ,min );
DIAGELEM(Po211, 0.516 ,sec );
DIAGELEM(T1209, 2.161 ,min );
DIAGELEM(Pb209, 3.253 ,hour );
DIAGELEM(Bi209, BIGNUM ,sec );
DIAGELEM(T1207, 4.77 ,min );
DIAGELEM(Pb207, BIGNUM ,min );
DIAGELEM(Hg205, 5.14 ,min );
DIAGELEM(T1205, BIGNUM ,min );
DIAGELEM(FP, BIGNUM ,min );

// nuclides in A=4n+2 sequence
// nuclides in A=4n+3 sequence

// off-diagonal elements of decay-rate matrix
//  decays from nuclides in A=4n sequence

//  decays from nuclides in A=4n+1 sequence

r=2.0e-12;

OFFDIAG(Np237, Pa233, 1-r );
OFFDIAG(Np237, FP, r );
OFFDIAG(Pa233, U233, 1.0 );
r=9e-12;

r2=6e-13;
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r3=le-15;
OFFDIAG( U233, Th229, 1-r-r2-r3 );
OFFDIAG( U233, Pb209, r );
OFFDIAG( U233, FP, r2 );
OFFDIAG( U233, Hg205, r3 )
OFFDIAG(Th229, Ra225,
OFFDIAG(Ra225, Ac225,
r=4e-14;
OFFDIAG(Ac225, Fr221, 1-r );
OFFDIAG(Ac225, Bi2ll, r );
r=0.1le-2;
OFFDIAG(Fr221, At217, 1-r );
OFFDIAG(Fr221, Ra22l1, r );
r=1le-14;
OFFDIAG(Ra221, Rn217, 1-r );
OFFDIAG(Ra221, Pb207, r );
r=7.0e-5;
OFFDIAG(At217, Bi213, 1-r );
OFFDIAG(At217, Rn217, r );
OFFDIAG(Rn217, Po213, 1.0 );
r=2.20e-2;
OFFDIAG(Bi213, Po213, 1-r );
OFFDIAG(Bi213, T1209, r );
OFFDIAG(Po213, Pb209, 1.0 );
r=0.28e-2;
OFFDIAG(Bi211, T1207, 1-
OFFDIAG(Bi211, Po2ll, r
OFFDIAG(Po211, Pb207, 1
OFFDIAG(T1209, Pb209, 1.
1
1
1

);
).

1.0
1.0

OFFDIAG(Pb209, Bi209,
OFFDIAG(T1207, Pb207,
OFFDIAG(Hg205, T1205,
//  decays from nuclides in A=4n+2 sequence

S DS

//  decays from nuclides in A=4n+3 sequence

return 0;

}

6-7) Data routine for the Uranium chain

/-.':
set_lambda.c : set decay rate values for decay chains of Actinides
2014/9/8-10 created

,‘/

#include <stdio.h>
#include <stdlib.h> // for exit()
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#include "decay_chain_ac.h"

#define DIAGELEM(NC,HL,TU) {nuclide[NC]=#NC;\

halflife[NC]=time_in_sec(HL,TU);\

lambda[NC] [NC]=-halflife_to_decayrate(halflife[NC]);}
// NC:nuclide, HL:halflife, TU:time unit

#define OFFDIAG(P,D,BR); lambda[D][P]=-lambda[P][P]* (BR)
// P:parent nuclide, D:daughter nuclide, BR:branching ratio

int set_lambda(){

enum{U238,
Th234,
Pa234m,
Pa234,
U234,
Th230,
Ra226,
Rn222,
Po218,
At218,
Rn218,
Pb214,
Bi214,
Po214,
Pb212,
Bi212,
Po212,
Hg210,
T1210,
Pb210,
Bi210,
Po210,
Pb209,
Bi209,
T1208,
Pb208,
Hg206,
T1206,
Pb206,
FP,
END};

int i,j;

double r,r2,r3; // branching ratio

nn=END; // the number of nuclides, nn is a global variable

if(M<nn) exit(1);

for(i=0;i<nn;i++){for(j=0;j<nn;j++)lambda[i][j]=0;}

// diagonal elements of decay-rate matrix
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// nuclides in A=4n sequence
// nuclides in A=4n+1 sequence

// nuclides in A=4n+2 sequence
DIAGELEM(U238, 4.468e9 ,year );
DIAGELEM(Th234, 24.10 yday );
DIAGELEM(Pa234m, 1.159 ,min );
DIAGELEM(Pa234, 6.70 ,hour );

DIAGELEM(U234, 2.455e5 ,year );
DIAGELEM(Th230, 7.54e4 ,year );
DIAGELEM(Ra226, 1600 ,year );
DIAGELEM(Rn222, 3.8235 ,day );
DIAGELEM(Po218, 3.098 ,min );
DIAGELEM(At218, 1.5 ,sec );
DIAGELEM(Rn218, 35e-3 ,sec );
DIAGELEM(Pb214, 26.8 ,min );
DIAGELEM(Bi214, 19.9 ,min );
DIAGELEM(Po214, 164.3e-6 ,min );
DIAGELEM(Pb212, 10.64 ,hour) ;
DIAGELEM(Bi212, 60.55 ,min) ;
DIAGELEM(Po212, 0.299e-6 ,sec);
DIAGELEM(Hg210, 300e-9 ,sec );
DIAGELEM(T1210, 1.30 ,min );
DIAGELEM(Pb210, 22.20 ,year );
DIAGELEM(Bi210, 5.012 ,day );
DIAGELEM(P0210, 138.376 ,day );
DIAGELEM(Pb209, 3.253 ,hour );
DIAGELEM(Bi209, BIGNUM ,sec );
DIAGELEM(T1208, 3.053 ,min) ;
DIAGELEM(Pb208, BIGNUM ,sec );
DIAGELEM(Hg206, 8.32 ,min );
DIAGELEM(T1206, 4.202 ,min );
DIAGELEM(Pb206, BIGNUM ,Sec );
DIAGELEM(FP, BIGNUM ,sec)

// nuclides in A=4n+3 sequence

// off-diagonal elements of decay-rate matrix
// decays from nuclides in A=4n sequence

// decays from nuclides in A=4n+1 sequence

//  decays from nuclides in A=4n+2 sequence
r=5.5e-7
OFFDIAG(U238, Th234, 1-r );
OFFDIAG(U238, FP, r );
OFFDIAG(Th234, Pa234m, 1.0 );
r=0.16e-2
OFFDIAG(Pa234m, U234, 1-r );
OFFDIAG(Pa234m, Pa234, r );
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OFFDIAG(Pa234, U234, 1.0 );

r=1.6e-11;

r2=1e-13;

r3=9e-14;

OFFDIAG(U234, Th230, 1-r-r2-r3 );
OFFDIAG(U234, FP, r ); //SF

OFFDIAG(U234, Hg210, r2 ); //Mg
OFFDIAG(U234, Pb214, r3 ); //Ne
r=6e-13;

r2=4e-14;

OFFDIAG(Th230, Ra226, 1l-r-r2 );
OFFDIAG(Th230, Hg206, r ); //24Ne
OFFDIAG(Th230, FP , r2 );

r=3.2e-11;

OFFDIAG(Ra226, Rn222, 1-r );
OFFDIAG(Ra226, Pb212, r ); //14C
OFFDIAG(Rn222, Po218, 1.0 );
r=0.02e-2;

OFFDIAG(Po218, Pb214, 1-r );
OFFDIAG(P0218, At218, r );

r=0.10e-2;
OFFDIAG(At218, Bi214, 1
OFFDIAG(At218, Rn218, r
OFFDIAG(Rn218, Po214, 1
OFFDIAG(Pb214, Bi214, 1
r=0.02e-2;
OFFDIAG(Bi214, Po214, 1
OFFDIAG(Bi214, T1210, r );
OFFDIAG(Po214, Pb210, 1
OFFDIAG(Pb212, Bi212, 1
r=35.94e-2
OFFDIAG(Bi212, Po212, 1
OFFDIAG(Bi212, T1208, r
OFFDIAG(Po212, Pb208, 1
OFFDIAG(Hg210, T1210, 1
r=7.0e-5;
OFFDIAG(T1210, Pb210, 1-r );
OFFDIAG(T1210, Pb209, r ); //B n
r=1.9e-8;

OFFDIAG(Pb210, Bi210, 1-r );
OFFDIAG(Pb210, Hg206, r );
r=1.3e-6;
OFFDIAG(Bi210, Po210,
OFFDIAG(Bi210, T1206,
OFFDIAG(P0210, Pb206,

1-r );

r

r
OFFDIAG(Pb209, Bi209, 1.

1.

1.

1.

)
)
)
OFFDIAG(T1208, Pb208, );
OFFDIAG(Hg206, T1206, );

OFFDIAG(T1206, Pb206, );
// decays from nuclides in A=4n+3 sequence

eeee
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return 0;

6-8) Data routine for the Actinide chain

/7':
set_lambda.c : set decay rate values for decay chains of Actinides
2014/9/8-10 created

,‘/

#include <stdio.h>
#include <stdlib.h> // for exit()

#include "decay_chain_ac.h"

#define DIAGELEM(NC,HL,TU) {nuclide[NC]=#NC;\

halflife[NC]=time_in_sec(HL,TU);\

lambda[NC] [NC]=-halflife_to_decayrate(halflife[NC]);}
// NC:nuclide, HL:halflife, TU:time unit

#define OFFDIAG(P,D,BR); lambda[D][P]=-lambda[P][P]* (BR)
// P:parent nuclide, D:daughter nuclide, BR:branching ratio

int set_lambda(){
enum{U235,
Th231,
Pa231,
Ra227,
Ac227,
Th227,
Fr223,
Ra223,
At219,
Rn219,
Pb215,
Bi215, //
Po215, //
At215,
Pb211,
Bi211,
Po211,
Pb209,
Bi209,
Hg207,
T1207,
Pb207,
FP,
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END};
int i,j;
double r,r2,r3; // branching ratio
nn=END; // the number of nuclides, nn is a global variable
if(M<nn) exit(1);
for(i=0;i<nn;i++){for(j=0;j<nn;j++)lambda[i][j]=0;}

// diagonal elements of decay-rate matrix
// nuclides in A=4n sequence

// nuclides in A=4n+1 sequence
// nuclides in A=4n+2 sequence

// nuclides in A=4n+3 sequence
DIAGELEM(U235, 7.038e8 ,year );

DIAGELEM(Th231, 25.52 ,hour );
DIAGELEM(Pa231, 3.276e4 ,year );
DIAGELEM(Ra227, 42.2 ,min );
DIAGELEM(Ac227, 21.772 ,year );
DIAGELEM(Th227, 18.68 ,day );
DIAGELEM(Fr223, 22.00 ,min );
DIAGELEM(Ra223, 11.43 ,day );
DIAGELEM(At219, 56 ,sec );
DIAGELEM(Rn219, 3.96 ,sec );
DIAGELEM(Pb215, 147 ,sec );
DIAGELEM(Bi215, 7.6 ,min );
DIAGELEM(Po215, 1.781e-3 ,Sec );
DIAGELEM(At215, 0.10e-3 ,sec );
DIAGELEM(Pb211, 36.1 ,min );
DIAGELEM(Bi211, 2.14 ,min );
DIAGELEM(Po211, 0.516 ,Sec );
DIAGELEM(Pb209, 3.253 ,hour );
DIAGELEM(Bi209, BIGNUM ,Sec );
DIAGELEM(Hg207, 2.9 ,min );
DIAGELEM(T1207, 4.77 ,min );
DIAGELEM(Pb207, BIGNUM ,sec );
DIAGELEM(FP, BIGNUM ,sec );

// off-diagonal elements of decay-rate matrix
//  decays from nuclides in A=4n sequence

//  decays from nuclides in A=4n+1 sequence
//  decays from nuclides in A=4n+2 sequence
//  decays from nuclides in A=4n+3 sequence
r=7.0e-11;
r2=8.0e-12;

r3=8.0e-12;
OFFDIAG(U235, Th231, 1-r-r2-r3 );
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OFFDIAG(U235, FP, r );
OFFDIAG(U235, Hg207, r2 );
OFFDIAG(U235, Pb215, r3 );
r=4.0e-13;

OFFDIAG(Th231, Pa231, 1-r );
OFFDIAG(Th231, Ra227, r );
r=2e-13;

OFFDIAG(Pa231, Ac227, 1l-r );
OFFDIAG(Pa231, FP, r );
OFFDIAG(Ra227, Ac227, 1.0 );
r=1.38e-2;

OFFDIAG(Ac227, Th227, 1-r );
OFFDIAG(Ac227, Fr223, r );
OFFDIAG(Th227, Ra223, 1.0 );
r=6.0e-5;

OFFDIAG(Fr223, Ra223, 1-r );
OFFDIAG(Fr223, At219, r );
r=8.9e-10;

OFFDIAG(Ra223, Po215, 1-r );
OFFDIAG(Ra223, Pb209, r );
r=3.00e-2;

OFFDIAG(At219, Bi2l5, 1-r );
OFFDIAG(At219, Rn219, r );

OFFDIAG(Rn219, Po215, 1.0 );
OFFDIAG(Pb215, Bi215, 1.0 );
OFFDIAG(Bi215, Po215, 1.0 );

r=2.3e-6;
OFFDIAG(Po215, Pb211, 1
OFFDIAG(Po215, At215, r );
OFFDIAG(At215, Bi211, 1
OFFDIAG(Pb211, Bi2ll, 1
r=0.28e-2;
OFFDIAG(Bi211, T1207, 1
OFFDIAG(Bi211l, Po2l1l1, r
OFFDIAG(Po211, Pb207, 1.
OFFDIAG(Pb209, Bi209, 1
OFFDIAG(Hg207, T1207, 1
OFFDIAG(T1207, Pb207, 1
return 0;

6-9) Data routine for the chain from Uut

/:':
set_lambda.c : set decay rate values for decay chains of Actinides
2014/9/8-10 created

,‘/
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#include <stdio.h>

#include <stdlib.h> // for exit()

#include "decay_chain_ac.h"

#define DIAGELEM(NC,HL,TU) {nuclide[NC]=#NC;\

halflife[NC]=time_in_sec(HL,TU);\
lambda[NC] [NC]=-halflife_to_decayrate(halflife[NC]);}

// NC:nuclide, HL:halflife, TU:time unit

#define OFFDIAG(P,D,BR) lambda[D][P]=-lambda[P][P]*(BR)
// P:parent nuclide, D:daughter nuclide, BR:branching ratio

int set_lambda(){

enum{Uut278,
Rg274,
Mt270,
Bh266,
Db262,
Lr258,
Md254,
Fm254,
C£250,
Cm246,
Pu242,
U238,
FP,
END};

int i,j;

double r; // branching ratio
nn=END; // the number of nuclides, nn is a global variable

if(M<nn) exit(1l);

for(i=0;i<nn;i++) {for(j=0;j<nn;j++)lambdal[i][j]1=0;}

// diagonal elements of decay-rate matrix

DIAGELEM(Uut278, 0.24e-3

DIAGELEM(Rg274, 6.4e-3
DIAGELEM(Mt270, 2.0e-3
DIAGELEM(Bh266, 1.7
DIAGELEM(Db262, 35
DIAGELEM(Lr258, 4.1

,sec );
,sec );
,sec );

,sec );
,sec );
,sec );

DIAGELEM(Md254, 28 ,min) ;

DIAGELEM(Fm254, 3.240
DIAGELEM(C£250, 13.08
DIAGELEM(Cm246, 4706
DIAGELEM(Pu242, 3.75e5
DIAGELEM(U238, BIGNUM
DIAGELEM(FP, BIGNUM

,hour) ;
,year);
,year) ;
,year);
,Sec);
,sec );
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// off-diagonal elements of decay-rate matrix
OFFDIAG(Uut278, Rg274, 1.0 );

OFFDIAG(Rg274, Mt270, 1.0 );
OFFDIAG(Mt270, Bh266, 1.0 );
OFFDIAG(Bh266, Db262, 1.0 );
r=0.33;

OFFDIAG(Db262, Lr258, 1-r );
OFFDIAG(Db262, FP, r );
r=0.05;

OFFDIAG(Lr258, Md254, 1-r );
OFFDIAG(Lr258, FP, r );
OFFDIAG(Md254, Fm254, 1.0 );
r=0.06e-2;

OFFDIAG(Fm254, Cf250, 1-r );
OFFDIAG(Fm254, FP, r );
r=0.08e-2;

OFFDIAG(C£250, Cm246, 1-r );
OFFDIAG(C£250, FP, r );
r=0.03e-2;

OFFDIAG(Cm246, Pu242, 1-r );
OFFDIAG(Cm246, FP, r );
r=5.5e-6;

OFFDIAG(Pu242, U238, 1-r );
OFFDIAG(Pu242, FP, r );
return 0;

6-10) Data routine for the chain from Uuo

/7':
set_lambda.c : set decay rate values for decay chains of Actinides
2014/9/8-10 created

.\/

#include <stdio.h>
#include <stdlib.h> // for exit(Q)

#include "decay_chain_ac.h"
#define DIAGELEM(NC,HL,TU) {nuclide[NC]=#NC;\

halflife[NC]=time_in_sec(HL,TU);\

lambda[NC] [NC]=-halflife_to_decayrate(halflife[NC]);}
// NC:nuclide, HL:halflife, TU:time unit

#define OFFDIAG(P,D,BR); lambda[D][P]=-1lambda[P][P]*(BR)
// P:parent nuclide, D:daughter nuclide, BR:branching ratio

int set_lambda(){
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enum{Uuo294,
Lv290,
F1286,
Cn282,
FP,
END};
int i,j;
double r; // branching ratio
nn=END; // the number of nuclides, nn is a global variable
if(M<nn) exit(1);
for(i=0;i<nn;i++) {for(j=0;j<nn;j++)lambdal[i][j]1=0;}

// diagonal elements of decay-rate matrix
DIAGELEM(Uuo0294, 0.89%e-3 ,sec );
DIAGELEM(Lv290, 15e-3 ,sec );
DIAGELEM(F1286, 0.16 ,sec );
DIAGELEM(Cn282, 0.50e-3 ,sec );
DIAGELEM(FP, BIGNUM ,Sec );

// off-diagonal elements of decay-rate matrix
OFFDIAG(Uuo294, Lv290, 1.0 );
OFFDIAG(Lv290, F1286, 1.0 );
r=0.4
OFFDIAG(F1286, FP, 1-r );

OFFDIAG(F1286, Cn282, r );
OFFDIAG(Cn282, FP, 1.0 );

return 0;

Hooooboobooboobooobobobobooboobooo

/:':
go0oooooooooooooo
2014/10/29 created Matsuoka Hirokazu

::/

#include <stdio.h>

#include <math.h>

#include <stdlib.h>

#include <string.h> // for strncmp()

int main(){
FILE *fp; // file to write time evolution

FILE *fp2;
char buffer[256];
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double t,n,d;
int i;
int i0=-1;
double dsum=0.0;
double t0=-1.0;
fp=fopen("time_evolution.dat","rt");
fp2=fopen("totBq.dat","wt");
while(fgets(buffer,256, fp) !=NULL) {
//printf("%s" ,buffer);
sscanf(buffer,"%le %le %le %d",&t,&n,&d,&i);
if(ir=i0){
if(i0>=0)printf("%e %e :totbq\n",t0®,dsum);
if(i0>=0) fprintf(fp2,"%e %e\n",t0®,dsum);
i0=1i;
t0=t;
dsum=0.0;
}
dsum+=d;
//printf("%e %e %e %d\n",t,n,d,i);
3
printf("%e %e :totbg\n",t0,dsum);
fprintf(£fp2,"%e %e\n",t0,dsum);
close(fp);
close(fp2);
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