
251 Statistik des radioaktiven 

Zerfalls
Needs@"ErrorBarPlots`"D

Untersuchung des Plateau-Anstiegs

U0 = Quantity@700, "Volts"D
700 V

n1,700 = 8869

8869

n1,800 = 9092

9092

n3,700 = 26 601

26 601

n3,800 = 27 320

27 320

8δ1, ∆δ1< = 8n1,800 − n1,700, Sqrt@n1,800 + n1,700D< êê N

8223., 134.019<

8δ3, ∆δ3< = 8n3,800 − n3,700, Sqrt@n3,800 + n3,700D< êê N

8719., 232.209<

Prozentualer Anstieg:

8δ1, ∆δ1<
n1,700

80.0251438, 0.0151109<

8δ3, ∆δ3<
n3,700

80.0270291, 0.00872933<

Variation bei ca. 68% Vertrauen (1 s):

δ1 + 8−∆δ1, +∆δ1<
n1,700

80.0100328, 0.0402547<



δ3 + 8−∆δ3, +∆δ3<
n3,700

80.0182997, 0.0357584<

Variation bei ca. 95% Vertrauen (2 s):

δ1 + 8−2 ∆δ1, +2 ∆δ1<
n1,700

8−0.00507806, 0.0553656<

δ3 + 8−2 ∆δ3, +2 ∆δ3<
n3,700

80.0095704, 0.0444877<

Genauigkeit des prozentualen Anstiegs:

∆δ3

n3,700

0.00872933

∆δ3

n3,700

∗ Sqrt@3 ∗ 60D

0.117116

SolveB
∆δ3

n3,700

∗ Sqrt@3 ∗ 60D ê Sqrt@tD � 1 ê 300, tF

88t → 1234.46<<

Auswertung der Daten mit hoher mittlerer 

Ereigniszahl

datalarge = Import@"êUsersêjannisêDropboxêuniselfêAP2ê2.2ê251 StatistikêJJ4.dat"D
8843, 1<, 844, 2<, 845, 1<, 846, 1<, 847, 0<, 848, 1<, 849, 1<, 850, 4<,

851, 5<, 852, 8<, 853, 13<, 854, 13<, 855, 7<, 856, 15<, 857, 24<, 858, 23<,

859, 33<, 860, 48<, 861, 40<, 862, 44<, 863, 60<, 864, 61<, 865, 72<,

866, 57<, 867, 76<, 868, 86<, 869, 92<, 870, 85<, 871, 84<, 872, 91<,

873, 81<, 874, 75<, 875, 84<, 876, 69<, 877, 62<, 878, 62<, 879, 57<,

880, 58<, 881, 56<, 882, 52<, 883, 45<, 884, 43<, 885, 39<, 886, 28<,

887, 21<, 888, 18<, 889, 23<, 890, 18<, 891, 18<, 892, 11<, 893, 8<, 894, 8<,

895, 8<, 896, 6<, 897, 3<, 898, 1<, 899, 1<, 8100, 3<, 8101, 1<, 8102, 3<,

8103, 0<, 8104, 1<, 8105, 0<, 8106, 0<, 8107, 0<, 8108, 0<, 8109, 1<<

nlarge = TotalAdatalarge@@All, 2DDE
2012

totallarge = TotalAdatalarge@@All, 1DD ∗ datalarge@@All, 2DDE
145 981
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meanlarge = NAtotallarge ë nlargeE
72.5552

stdevlarge = N@SqrtBTotalBdatalarge@@All, 1DD2 ∗
datalarge@@All, 2DD

nlarge

F −

TotalBdatalarge@@All, 1DD ∗
datalarge@@All, 2DD

nlarge

F
2

F

9.51772

ttor,large = Quantity@0.5, "Seconds"D
0.5 s

εlarge = 0;

errorslarge = MapAIfAð � 0, εlarge, ðE &, SqrtAdatalarge@@All, 2DDEE êê N

81., 1.41421, 1., 1., 0., 1., 1., 2., 2.23607, 2.82843, 3.60555, 3.60555,

2.64575, 3.87298, 4.89898, 4.79583, 5.74456, 6.9282, 6.32456, 6.63325,

7.74597, 7.81025, 8.48528, 7.54983, 8.7178, 9.27362, 9.59166, 9.21954,

9.16515, 9.53939, 9., 8.66025, 9.16515, 8.30662, 7.87401, 7.87401, 7.54983,

7.61577, 7.48331, 7.2111, 6.7082, 6.55744, 6.245, 5.2915, 4.58258,

4.24264, 4.79583, 4.24264, 4.24264, 3.31662, 2.82843, 2.82843, 2.82843,

2.44949, 1.73205, 1., 1., 1.73205, 1., 1.73205, 0., 1., 0., 0., 0., 0., 1.<

plotdata,large = ErrorListPlotATransposeA9datalarge, ErrorBar ê@ errorslarge=E,

PlotRange → 8840, 110<, 80, 110<<,

AxesLabel → 8"Zerfälle pro 500 ms", "Anzahl Messungen"<, PlotLabel →

"Histogramm für 2012 Messungen bei ttor = 0.5 s", ImageSize → FullE;

Für den Fit wählen wir nur Werte ¥ 10.

dlarge = SelectAdatalarge, Last@ðD ≥ 10 &E;

δlarge = SelectBerrorslarge, ð ≥ 10 &F;

fgauss,large = NonlinearModelFitBdlarge,

nlarge

2 π σ2

ExpB−
Hx − µL2

2 σ2
F, 99σ, stdevlarge=, 9µ, meanlarge==, 8x<,

VarianceEstimatorFunction → 1 &; Weights →
1

δlarge
2

F

FittedModelB 83.0994 ‰
-á21à Há1àL2 F

fgauss,large@"ParameterTable"D

Estimate Standard Error t-Statistic P-Value

s 9.65918 0.197782 48.8374 3.32868µ10
-35

m 72.138 0.21124 341.497 2.44813µ10
-66
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ShowAplotdata,large, PlotAfgauss,large@xD, 8x, 40, 110<EE
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Histogramm für 2012 Messungen bei ttor = 0.5 s

c
2
:

:
1

LengthAdlargeE − 3

, 1>

TotalBTableB
Idlarge@@i, 2DD − fgauss,largeAdlarge@@i, 1DDEM2

δlarge@@iDD2
, 9i, 1, LengthAdlargeE=FF

80.735904, 26.4925<

1 − CDFAChiSquareDistributionALengthAdlargeE − 3EE@26.492538130484558`D
0.876415

Poisson-Fit

fpoisson,large = NonlinearModelFitBdlarge, nlarge Exp@−µD
µx

Gamma@x + 1D
,

99µ, meanlarge==, 8x<, VarianceEstimatorFunction → 1 &; Weights →
1

δlarge
2

F

FittedModelB
8.09802µ10

-29 á18àx

Gamma@1 + xD
F

fpoisson,large@"ParameterTable"D

Estimate Standard Error t-Statistic P-Value

m 72.2902 0.255561 282.869 9.14199µ10
-65

s = m ≤
Dm

2 m

:
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:SqrtAfpoisson,large@"ParameterTableEntries"D@@1, 1DDE,

fpoisson,large@"ParameterTableEntries"D@@1, 2DD

2 SqrtAfpoisson,large@"ParameterTableEntries"D@@1, 1DDE
>

88.50237, 0.0150288<

ShowAplotdata,large, PlotAfgauss,large@xD, 8x, 40, 110<E,

PlotAfpoisson,large@xD, 8x, 40, 110<, PlotStyle → 8Thick, Dotted, Red<EE

40 50 60 70 80 90 100 110
Zerfälle pro 500 ms

20

40

60

80

100

Anzahl Messungen

Histogramm für 2012 Messungen bei ttor = 0.5 s

c
2
:

:
1

LengthAdlargeE − 2

, 1>

TotalBTableB
Idlarge@@i, 2DD − fpoisson,largeAdlarge@@i, 1DDEM2

δlarge@@iDD2
, 9i, 1, LengthAdlargeE=FF

81.41966, 52.5274<

1 − CDFAChiSquareDistributionALengthAdlargeE − 2EE@52.52743606738058`D
0.0468871
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ShowALogPlotA9fgauss,large@xD, fpoisson,large@xD=,

8x, 40, 110<, PlotStyle → 8Automatic, 8Thick, Dotted, Red<<,

ImageSize → Full, PlotLabel → "Vergleich Gauß-Fit und Poisson-Fit",

AxesLabel → 8"Zerfälle pro 500 ms", "Anzahl"<,

PlotRange → 8840, 110<, Automatic<EH∗,

ListLogPlotAMapAHIf@ð@@2DD�0,8ð@@1DD,0.017<,ðD&L,datalargeE,

Joined→True,InterpolationOrder→0E∗LE
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Vergleich Gauß-Fit und Poisson-Fit

Auswertung der Daten mit kleiner mittlerer 

Ereigniszahl

datasmall = Import@"êUsersêjannisêDropboxêuniselfêAP2ê2.2ê251 StatistikêJJ5.dat"D
880, 44<, 81, 252<, 82, 506<, 83, 787<, 84, 890<, 85, 911<, 86, 660<, 87, 430<,

88, 264<, 89, 138<, 810, 72<, 811, 25<, 812, 18<, 813, 4<, 814, 1<, 815, 1<<

nsmall = Total@datasmall@@All, 2DDD
5003

totalsmall = Total@datasmall@@All, 1DD ∗ datasmall@@All, 2DDD
23 356

meansmall = N@totalsmall ê nsmallD
4.6684
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stdevsmall = N@SqrtBTotalBdatasmall@@All, 1DD2 ∗
datasmall@@All, 2DD

nsmall

F −

TotalBdatasmall@@All, 1DD ∗
datasmall@@All, 2DD

nsmall

F
2

F

2.19738

ttor,small = Quantity@0.1, "Seconds"D
0.1 s

εsmall = 0;

errorssmall = Map@If@ð � 0, εsmall, ðD &, Sqrt@datasmall@@All, 2DDDD êê N

86.63325, 15.8745, 22.4944, 28.0535, 29.8329, 30.1828, 25.6905,

20.7364, 16.2481, 11.7473, 8.48528, 5., 4.24264, 2., 1., 1.<

plotdata,small = ErrorListPlot@Transpose@8datasmall, ErrorBar ê@ errorssmall<D,

PlotRange → 880, 15.1<, 80, 1000<<,

AxesLabel → 8"Zerfälle pro 100 ms", "Anzahl Messungen"<, PlotLabel →

"Histogramm für 5003 Messungen bei ttor = 0.1 s", ImageSize → FullD;

Für den Fit wählen wir nur Werte ¥ 10.

dsmall = Select@datasmall, Last@ðD ≥ 10 &D;

δsmall = SelectBerrorssmall, ð ≥ 10 &F;

fgauss,small = NonlinearModelFitBdsmall,

nsmall

2 π σ2

ExpB−
Hx − µL2

2 σ2
F, 88σ, stdevsmall<, 8µ, meansmall<<, 8x<,

VarianceEstimatorFunction → 1 &; Weights →
1

δsmall
2

F

FittedModelB 938.408 ‰
-0.110528á1à á1à F

fgauss,small@"ParameterTable"D

Estimate Standard Error t-Statistic P-Value

s 2.12691 0.0851839 24.9684 4.88847µ10
-11

m 4.60332 0.108889 42.2753 1.57967µ10
-13
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ShowAplotdata,small, PlotAfgauss,small@xD, 8x, 0, 16<EE
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c
2
:

:
1

Length@dsmallD − 3
, 1>

TotalBTableB
Idsmall@@i, 2DD − fgauss,small@dsmall@@i, 1DDDM2

δsmall@@iDD2
, 8i, 1, Length@dsmallD<FF

813.7102, 137.102<

1 − CDF@ChiSquareDistribution@Length@dsmallD − 3DD@137.10215392867764`D
0.

Poisson-Fit

fpoisson,small = NonlinearModelFitBdsmall, nsmall Exp@−µD
µx

Gamma@x + 1D
,

88µ, meansmall<<, 8x<, VarianceEstimatorFunction → 1 &; Weights →
1

δsmall
2

F

FittedModelB
47.1499 á18àx

Gamma@1 + xD
F

fpoisson,small@"ParameterTable"D

Estimate Standard Error t-Statistic P-Value

m 4.66446 0.0336701 138.534 1.3434µ10
-20

s = m ≤
Dm

2 m

:
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:SqrtAfpoisson,small@"ParameterTableEntries"D@@1, 1DDE,

fpoisson,small@"ParameterTableEntries"D@@1, 2DD

2 SqrtAfpoisson,small@"ParameterTableEntries"D@@1, 1DDE
>

82.15974, 0.00779496<

ShowAplotdata,small, PlotAfgauss,small@xD, 8x, 0, 16<E,

PlotAfpoisson,small@xD, 8x, 0, 16<, PlotStyle → 8Thick, Dotted, Red<EE
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c
2
:

:
1

Length@dsmallD − 2
, 1>

TotalBTableB
Idsmall@@i, 2DD − fpoisson,small@dsmall@@i, 1DDDM2

δsmall@@iDD2
, 8i, 1, Length@dsmallD<FF

81.27316, 14.0047<

1 − CDF@ChiSquareDistribution@Length@dsmallD − 2DD@14.004719612621194`D
0.232732
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ShowALogPlotA9fgauss,small@xD, fpoisson,small@xD=,

8x, 0, 16<, PlotStyle → 8Automatic, 8Thick, Dotted, Red<<,

ImageSize → Full, PlotLabel → "Vergleich Gauß-Fit und Poisson-Fit",

AxesLabel → 8"Zerfälle pro 100 ms", "Anzahl"<, PlotRange → 880, 16<, Full<E
H∗,ListLogPlotAMapAHIf@ð@@2DD�0,8ð@@1DD,0.017<,ðD&L,datalargeE,

Joined→True,InterpolationOrder→0E∗LE
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