Versuch 252: Aktivierung von
Indium und Silber

in262]= Needs ["ErrorBarPlots™ "]

Zerfall der Silberisotope

Untergrundbestimmung

in263:= datapg,bg = Import [
"/Users/jannis/Dropbox/uniself/AP2/2.2/252 Aktivierung/UntergrundAgJJ.dat"]

oupzes= {{1, 3}, {2, 7}, {3, 4}, {4, 5}, {5, 4}, {6, 2}, {7, 6}, {8, 1}, {9, 1}, {10, 2},
{11, 3}, {12, 3}, {13, 3}, {14, 2}, {15, 4}, {16, 3}, {17, 1}, {18, 2}, {19, 1},
{20, 2}, {21, 2}, {22, 2}, {23, 8}, {24, 9}, {25, 2}, {26, 3}, {27, 0}, {28, 5},
{29, 0}, {30, 3}, {31, 2}, {32, 5}, {33, 1}, {34, 4}, {35, 2}, {36, 5}, {37, 6},
{38, 3}, {39, 2}, {40, 1}, {41, 3}, {42, 5}, {43, 7}, {44, 4}, {45, 4},
{46, 4}, (47, 5}, {48, 3}, {49, 3}, {50, 5}, {51, 1}, {52, 4}, {53, 6},
{54, 2}, {55, 1}, {56, 3}, {57, 6}, {58, 3}, {59, 4}, {60, 1}, {61, 4}}

ni264]= teor,ag = Quantity[10, "Seconds"]

outeesl= 10 s

in2651= teor,1n = Quantity[120, "Seconds"]

outeesl= 120 s

in266]= {BAg, ARg} = UnitConvert[
({Mean[d], StandardDeviation[d]} /tior,ag) /- {d - datasg,ug[[All, 2]1} // N,
"Becquerels" |

out2esl= {0.331148 Bg, 0.194543 Bg}

Bestimmung der Zerfallskonstanten

Datenimport

ini267= datapg,1 = Import[
"/Users/jannis/Dropbox/uniself/AP2/2.2/252 Aktivierung/MessunglAg.dat"][[ ;;
40, 2]]
oupsr- {74, 71, 64, 47, 44, 32, 31, 20, 18, 17, 17, 17, 15, 16, 11, 24, 14, 10,
10, 9, 19, 12, 15, 11, 17, 10, 9,8, 6,5, 11,1,11,7,8,5,5,4,6,6}
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nzes)= dataag,2 = Import|[
"/Users/jannis/Dropbox/uniself/AP2/2.2/252 Aktivierung/Messung2Ag.dat"][[ ;;
40, 2]]
oueeg- {81, 69, 41, 50, 40, 30, 35, 23, 9, 26, 14, 18, 13, 12, 12, 11, 16,
15, 5,12,18,8,7,7,9,8,9,7,7,12,8,5,3,5,7,7,3,5,9, 8}

ni269):= datapg,3 = Import [
"/Users/jannis/Dropbox/uniself/AP2/2.2/252 Aktivierung/Messung3Ag.dat"][[ ;;
40, 2]]
oupes- {70, 51, 39, 40, 28, 29, 23, 17, 24, 16, 13, 16, 15, 19, 17, 6, 8,
9, 10, 12, 10, 9, 12, 12,5, 6, 6,6, 8, 6, 4,7, 4,5, 10,5, 8,5, 6, 9}

in270}= dataag,4 = Import [
"/Users/jannis/Dropbox/uniself/AP2/2.2/252 Aktivierung/Messung4Ag.dat"][[ ;;
40, 2]]
ou270- {78, 53, 56, 38, 26, 26, 25, 27, 22, 18, 7, 13, 15, 19, 14, 8, 9, 9,
6, 10, 14,7, 4, 14, 13,9, 7,9,7,3,12,3,7,7,6,8,3,10,1, 4}

Aufbereitung der Daten

In[271]:= {dataAg, errorsAg} ={d, N /@esqrt[d]} /. {d - Total [Array[dai:a;,g,xt &, 4]]}

oueri- {{303, 244, 200, 175, 138, 117, 114, 87, 73, 77, 51, 64, 58, 66, 54, 49, 47, 43, 31, 43,
61, 36, 38, 44, 44, 33, 31, 30, 28, 26, 35, 16, 25, 24, 31, 25, 19, 24, 22, 27},
{17.4069, 15.6205, 14.1421, 13.2288, 11.7473, 10.8167, 10.6771,
9.32738, 8.544, 8.77496, 7.14143, 8., 7.61577, 8.12404, 7.34847, 7.,
6.85565, 6.55744, 5.56776, 6.55744, 7.81025, 6., 6.16441, 6.63325,
6.63325, 5.74456, 5.56776, 5.47723, 5.2915, 5.09902, 5.91608,
4.,5.,4.89898, 5.56776, 5., 4.3589, 4.89898, 4.69042, 5.19615}}

ne72)- timesag = Array [Quantity[10 x#-5, "Seconds"] &, Length[datayg] ]

oufz72- {5s, 15s, 25s, 35s, 45s, 55s, 65s, 75s, 85s, 95s, 105s, 115s, 125s, 135s, 145 s,
155s, 165s, 175s, 185s, 195s, 205s, 215s, 225s, 235s, 245s, 255s, 265s, 275 s,
285s, 295s, 305s, 315s, 325s, 335s, 345s, 355s, 365s, 375s, 385s, 395s}

n273:= valuespg = Transpose[{timesAg // QuantityMagnitude, dataAg}] ;

Plot und Fit

In[274]:= {aAg,Or AaI-\g,O} = tior,ag * {Ro, ARp}

oute7al= {3.31148, 1.94543}

n27sl= plot,, = ErrorListPlot [Table [ {valuesAg[ [i]], ErrorBar [errorsAg[ [i]] ] } '
{i, 1, Length[datas]}]|, PlotRange - {{0, 400}, {0, 350}},
PlotLabel -» Style["Zerfall von Silber mit Untergrund", Bold],
AxesLabel » {"t [s]", "A [Bq]"}, ImageSize -» Full, AxesOrigin - {0, 0}] ;



nz76)= £itag,0 = NonlinearModelFit [valuesAg,
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X

X
QuantityMagnitude [aAglo] +A; Exp [— _] + Ay EXP [— _] 7 {Al ; Ay, tl ’ tz} 12
€, t

{x}, Weights -»
errorsyg’

1

2

, VarianceEstimatorFunction » (1 &) ]

oufz7el- FittedModel [ 3.31148 +266.274 ¢<'> +74.8183 ¢~ <227 X }

ne77= Show|plot, , Plot|fity, o[x], {x, O, 100} |, Plot|fityy o[x], {x, 100, 400}
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nz19:= fitag,o["ParameterTable"]

Estimate

A; | 74.8183

Out[319= A, | 266.274
t; | 273.536

t, |34.2418

Standard Error t-Statistic

11.8842
17.7107
43.9094
4.17183

In[278]:= (xz) ag = Total [

Table[

oute7el= 39.7316

321~ Length [valuesAg]

outz21= 40

6.29559
15.0346
6.22956
8.20787

P-Value

2.80369x1077
4.30419x107Y
3.43308x1077
9.16716x 107

(valuesag[[i, 2]] - fitag,o[valuesag[[i, 111])7

200 300 400

errorspg[[i] 12

, {i, 1, Length[valuesAg] }]]
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in3241= 1 - CDF [ChiSquareDistribution [Length [valuesAg] - 5] ] [ (xz)Ag]
outze4)= 0.26736

Fehlerfortpflanzung des Fehlers auf den Hintergrund

ini2so)= fitpag,.o = NonlinearModelFit [valuesAg,

X b4
QuantityMagnitude [aAg,o - AaAg,o] +A; Exp [— —] + A, Exp [— —] , {A1, Ay, t1, t3},
t: t2
1
{x}, Weights » ——— , VarianceEstimatorFunction » (1 &) ]
errors,y’

oufze0)- FittedModel [ 1.36605 +267.57 1> +75.1882 ¢ 1> ]

ini2s1)= fitag,.+c = NonlinearModelFit [valuesAg,

X X
QuantityMagnitude [aAg,o + AaAg,o] +A; Exp [— —] + A, Exp [— —] , {A1, Ay, t1, t2},
t: t2

1
{x}, Weights » ———, VarianceEstimatorFunction » (1 &) ]

errors,y’

ouesil= FittedModel [ 5.25691+264.73 <1 4+ 74.7225 ¢~ <> ]

In[282]:= {{tAg,l,Ol AtAg,l,O}l {tAg,2,0I AtAg,Z,O}} =
fitag,o["ParameterTableEntries"][[3 ;; 4, 1 ;; 2]]

ouzezi- {{273.536, 43.9094}, {34.2418, 4.17183}}

In[283]:= {{tAg,l,-crl AtAg,l,—U}l {tAg,z,—al AtAg,Z,-a}} =
fitag,_o["ParameterTableEntries"][[3 ;; 4, 1;; 2]]

ouizesl= {{292.581, 47.1027}, {34.4837, 4.10328}}
In[284]:= {{tAg,1,+or AtAg,l,+0}I {tAg,2,+ol AtAg,2,+c}} =
fitag,.c["ParameterTableEntries"][[3 ;; 4, 1 ;; 2]]

oufzes- {{254.62, 40.7679}, {33.9669, 4.25312}}

Inees)= Atag,1,fit = Mean[{Abs [tAg,l,O - tAg,l,—c] ; Abs [tAg,l,O - tAg,1,+a] }]
outfssl= 18.9808

In[286]:= AtAg,Z,fit = Mean[{AbS [tAg,Z,O - tAg,Z,—o] ’ Abs [tAg,Z,O - tAg,2,+o] }]
outiessl= 0.258376

Resultate

In@311]:= {tAg,ll AtAg,l} = Quantity[{tAg,l,Ol \/AtAg,l,oz +Atag,1,£it” }, "Seconds"]

oufstt}= {273.536s, 47.8362 s}
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In[312]:= {TAg’L%, ATAg,l,%} = Log[2] * {tAg,l, AtAg,l}

ouziz= {189.601s, 33.1575 s}

neia= {tag,ar Atag,2} = Quantity[{tAglz,o, ‘\/AtAgIZ,OZ + Atag, s, £i2 }, "Seconds"]

outais= {34.2418 s, 4.17982 s}

In[315]:= {TAg,Z,f’ ATAg,Z,%} = Log[2] {tAglz, AtAg,Z}

ouzts= {23.7346s, 2.89723 s}

Zerfall der Indiumisotope

Bestimmung der Zerfallskonstanten

Datenimport

ines9l= datar, = Import [
"/Users/jannis/Dropbox/uniself/AP2/2.2/252 Aktivierung/MessungIn.dat"][[2
iie 2]]

oupso- {667, 672, 638, 637, 595, 637, 585, 615, 587, 547, 506,
560, 568, 505, 459, 492, 483, 449, 411, 466, 394, 452, 419, 419}

Aufbereitung der Daten

Inf290:= errorsy, = N /@ Sqrt[datar,]

ouzoo- {25.8263, 25.923, 25.2587, 25.2389, 24.3926, 25.2389, 24.1868, 24.7992,
24.2281, 23.388, 22.4944, 23.6643, 23.8328, 22.4722, 21.4243, 22.1811,
21.9773, 21.1896, 20.2731, 21.587, 19.8494, 21.2603, 20.4695, 20.4695}

Ine9i]= timesy, = Array[Quantity[120 *# + 60, "Seconds"] &, Length[data;,]]

oupe- {180s, 300s, 420s, 540 s, 660s, 780s, 900s, 1020 s,
1140s, 1260 s, 1380 s, 1500s, 1620s, 1740 s, 1860 s, 1980 s,
2100s, 2220s, 2340 s, 2460 s, 2580 s, 2700 s, 2820 s, 2940 s}

ine92)= valuesp, = Transpose[{times;, // QuantityMagnitude, data;,}];

Plot und Fit

in293)= {@rn,0s A81n,0} = ttor,1n * {RAo, ARp}

outee3= {39.7377, 23.3452}

in2e4:= ploty, = ErrorListPlot[Table[{values;,[[i]], ErrorBar[errors;,[[i]]]},
{i, 1, Length[data;,]}], PlotRange -» {{0, 3000}, {O, 750}},
PlotLabel -» Style["Zerfall von Indium mit Untergrund", Bold],
AxesLabel » {"t [s]", "A [Bq]"}, ImageSize » Full, AxesOrigin -» {0, 0}];
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Ini29s):= £itn, o = NonlinearModelFit[valuesm,

X
QuantityMagnitude [az,, o] +AExp[——] , {{A, 1000}, {t, 1000}},
t

1
{x}, Weights » —————— , VarianceEstimatorFunction -» (1 &) ]

errorsy,?

outeesl- FittedModel || 39.7377 +665.043 ¢~ <23>X }

nzo6]= Show[plot;,, Plot[fit, o[x], {x, 0, 3000}]]

Zerfall von Indium mit Untergrund
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nz20)= £itn,o["ParameterTable"]

Estimate Standard Error t-Statistic P-Value

Ouif320l= A | 665.043 12.6335 52.6413 1.22196x107%*
t | 4904.31 279.905 17.5214 2.07522x10°*

In[297]:= (xz) m = Total[

(values[[i, 2]] - fity,,o[valuesy,[[i, 11]])?

Table| , {1, 1, Length[values,]}]]

errorsy, [[1]]?
oute971= 29.7704

in@22)= Length[valuesyy,]

out[zez= 24

ns)- 1 - CDF [ChiSquareDistribution[Length[valuess,] - 311 [ (x%),,]

out32sl= 0.0966994



252 Aktivierung.nb | 7

Fehlerfortpflanzung des Fehlers auf den Hintergrund
in299:- f£ityn, .o = NonlinearModelFit [valuesm,

X
QuantityMagnitude[a;,, o - Aasg,o] +AExp[— :] , {{A, 700}, {t, 3600}},

1
{x}, Weights » ———— , VarianceEstimatorFunction -» (1 &) ]

errors,?

ouize9)= FittedModel || 16.3925 +687.489 ¢ <23 }

in3o0i- £ityn,.c = NonlinearModelFit [valuesm,

X
QuantityMagnitude [ar, o+ Aary o] +AExp[— —] , {{A, 700}, {t, 3600}},
t

1
{x}, Weights » ——— , VarianceEstimatorFunction » (1 &) ]

errors,?

ousoo)- FittedModel || 63.0829 +642.682 ¢ <23>X }

ni301= {trn,0r Atin,0} = fity,,o["ParameterTableEntries"][[2, 1 ;; 2]]

outot= {4904.31, 279.905}

niso2i= {tin,-or Atin,-o} = fity,, o[ "ParameterTableEntries"][[2, 1 ;; 2]]

outgozl= {5139.36, 292.992}

In[303]:= {tIn,+crI AtIn,+cr]’ = fitIn,+c["ParameterTableEntries“] [[2,1;; 2]]

outzo3- {4669.41, 266.86}

In[304]:= AtIn,i:'it = Mean [ {Abs [tIn,O - tIn,—o] ; Abs [tIn,O - tIn,+c] 1]

outjz04= 234.976

Resultate

na0sl- {t1n, Atin} = Quantity[{t;n,o, \/Ai:m,o2 +Atgy gi42 }, “Seconds"]

outzosl= {4904.31s, 365.459 s}

In[316]:= {Tln 1, ATIn l} = Log[2] {tin, Ati,}
"2 "2

ouztel= {3399.41s, 253.317 s}



