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Abstract

In the experiment “long half-life“, two samples with long half-lives on the scale of 10° to 10!
years are examined and their exact half-lives are calculated. Therefore the used proportional
counter is calibrated using Uranium-238 and then measurements with the a-radiator Samarium-
147 and the p-radiator Potassium-40 are performed. For the samples, different methods are used
to find the half-life: For Samarium-147 it is calculated by considering the surface area of the
sample, whereas for Potassium-40 different masses of radioactive material are measured.

For both samples a half-life could be found that matches the scale of the real values but does
not correspond with the theoretical expectation perfectly. Hence a detailed discussion part is
added to the protocol.
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1 Introduction

In the experiment “long half-life“, two samples — Samarium-147 and Potassium-40 — are analysed
and their half-lives are determined. The experiment consists of three parts. In a first part the
characteristic of the used methane-proportional-counter is studied by using the a- and S-radiator
Uranium-238. Then the a-radiator Samarium-147 is examined by using a correction for the self-
absorption and finding the half-life by measuring counting rate and surface area of the sample.
In a last step the Potassium-40 sample which is a S-radiator is investigated and its half-life is
found by measuring the counting rate in dependence of the used mass. For all the measurements
the background radiation is measured too, to correct the data afterwards.

2 Theory

The following sections introducing the theory and methodology necessary for the experiment
are mainly based on the experiment description, which is provided by the advanced physics lab
team [1] and the diploma thesis by Tobijas Kotyk [2].

2.1 Table of the used variables

Tab. 1: Table of the used symbols for the parameters used in the protocol.

Symbol Parameter
A activity
Ay activity per volume
Ag specific activity
n counting rate
C absolute number of counts
Ty )2 half-life
t time (of the measurement)
N number of radioactive atoms
No starting number of radioactive atoms
Nsm,04 number of Smy0O3 molecules
Ny Avogadro constant [3]
m mass of the sample
Mrel relative atomic mass

P density of the used sample
F surface area of the sample
d diameter of the bowl

d thickness of the sample

R range of radiation

Q solid angle

A decay constant
hrel relative frequency
fB backscatter factor
7! absorption coefficient

Ustart /stop/step ~ Starting/stopping/step voltage




2.2 Radioactive decay

Radioactivity results from unstable cores that decay with emission of radiation. Especially
isotopes (atoms with the same number of protons but another number of neutrons) can decay
in a statistical process. This process is characterised by the following differential equation and
its solution [2]:

AN
o =MW (1)
N(t) = Noe . (2)

N is the number of cores that are observed, Ny the starting amount of cores and A the decay
constant. An important property of an isotope is the half-life. It is defined as the time, after
which half of the cores have decayed. One can get the following formula [2]:

In2
Ty 0 = ——. 3
12 = (3)
By introducing the activity A one can get:
In2N
A=AN= 2220 (4)
1/2

To get the half-life of an isotope in this experiment, the activity is measured in two different
ways as described in subsection 2.5.

2.2.1 «-decay

The first sort of radioactive decays is the a-decay, where a core emits an a-particle which is
a helium-core with two protons and two neutrons. This decay type is the one that has the
highest decay energy but also the lowest range in matter, because of its high mass and twice
the elementary charge which leads both to high interaction with matter. The a-decay is most
likely for cores with high mass numbers of m > 150 u [2]. For small cores a-decay gets less likely,
because the energy gain from a-decay gets smaller too.

2.2.2 [(-decay

Another sort of radioactive decay is the (§-decay. There are two sorts of §-decay that are
distinguished — the S~ -decay where a neutron decays into a proton, an electron and an anti-
electron-neutrino (n — p + e~ + ) and the ST-decay where a proton decays into a neutron,
a positron and an electron-neutrino (p — n + e + v.) [2]. Because of the resulting particles,
[B-radiation is less energetic than a-radiation, but instead can travel longer distances in matter.

2.2.3 Electron capture

The last relevant process for this experiment is electron capture. Here an electron in a close
shell can be captured by a proton in the core, forming a neutron and an electron-neutrino
(p+ e~ — n+ve). The gap in the shell than is filled by an electron from a higher shell by
sending out roentgen or auger radiation [2].

2.3 Detection of the particles

In the experiment a proportional counter filled with methane is used. In a gas detector, by
applying a voltage, an electric field is created. Particles that pass through the detector than
can ionise the gas and the charges than drift towards anode or cathode. Thus a charge is also
induced in the wires and a pulse can be registered in the voltage. This pulse is proportional to
the energy loss of the particle [2].



2.3.1 Gas amplification and proportional area

An important effect in a proportional counter is the gas amplification. The primarily generated
charges increase by ionising more gas molecules [2]. Gas amplification is working best for high
voltages and a thin wire, which is both used in the experiment.

A proportional counter has multiple areas of work as portrayed in Figure 1. In the first two areas
the voltage is too low for gas amplification. In the third area gas amplification leads to a pulse
height proportional to the primarily ionised molecules. This is the area where measurements can
be taken. The remaining areas leave the proportional sector and provide discharges of anode or
cathode.
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Fig. 1: In the picture one can see the different areas of work of a propor-
tional counter. On the y-axis the number of ion-pairs is plotted against
the voltage U on the x-axis. The graphic is taken from [2], p. 35.

As mentioned in subsection 2.2, a-radiation has a higher energy and therefore can be detected
with lower voltage compared to S-radiation. This leads to two plateaus being visible in the
characteristic of a proportional counter with one of the plateaus beginning when a-radiation is
detected and the other one when [S-radiation can be measured.

2.4 Characteristics of the used materials

2.4.1 Uranium-238

For calibration purposes a sample of Uranium-238 is used. It has a relative frequency of 99.275%
and decays in three main reactions [2]:

1. a-decay from Uranium-238 to Thorium-234
2. B~ -decay from Thorium-234 to Protactinium-234
3. B~ -decay from Protactinium-234 to Uranium-234

Therefore both sorts of radioactive decay can be measured and a good calibration is possible.

2.4.2 Samarium-147

As an a-radiator Samarium-147 with a relative frequency of 14.87% is used. In the experiment a
powder of Samariumoxide (SmgO3) is examined. Samarium-147 a-decays into Neodymium-143,
which is a stable isotope [2].



2.4.3 Potassium-40

With a relative frequency of 0.0117% as a [-radiator Potassium-40 is used. In the experiment
one uses Potassiumchloride (KCI). Two processes take place in the Potassium-40 sample [2]:

1. B7-decay from Potassium-40 to Calcium-40
2. electron capture (EC) from Potassium-40 to Argon-40

The proportion of the two processes is EC/5~ = 0.12, so the measurement must be corrected
with a correction term as described in the next section.

2.5 Corrections for the a- and S-measurement
2.5.1 Corrections for the a-measurement

For the a-measurement, effects like self-absorption are corrected by using the activity per Volume
Ay and then measuring the surface area F' of the sample [2]:

A 4n

Ap = — = "
V7 Fd ~ FRsmyo,

()

d is the thickness of the sample and Rg,,0, the range of the radiation. In addition the number
N of atoms can be approximated by the following formula [2]:

mN 4

N = 2-ZVSmZOghrel =2 hrelv (6)

rel
with Nsm,0, being the number of molecules, the relative frequency hyel, the sample-mass m, the
relative atomic mass mye and the Avogadro constant N4. Plugging all the formulas into the
law of radioactive decay and using the density pgm,0, one can get the following formula for the
half-life, as used in the analysis part:

N
Ty = ln(2)z7 (7)
N
—In(2)-
0) o 0
_ N Rgm,04
= In(z) ioma0s. (9
NSm O RSm O hrel
= In(2) ~me0s ROyt (10)
MmN ARSm,04 rel
= 1In(2 273 11
n(2) Sndimag (11)
PSm205 s me05 N A Rrel
= In(2)PEne0n Bms0 . (12)

2.5.2 Corrections for the S-measurement

As already mentioned, a correction term for the electron capture has to be added to the law of
radioactive decay. One can get the correction factor 1.12 for the decay formula by taking the
ratio between electron capture and S-radiation [2]:

Ty /o = In(2) (13)

1.12A°

To calculate the activity, a relation between specific activity As = A/m and the counting rate
n is used [2]:



n(m) = fijTAf;f (1=exp (~4om))- (14)

fB is the backscatter factor, 2 = 27 the solid angle in which radiation can be measured and p
the absorption coefficient. As before p is the density, m the mass and F' the surface area. In the
analysis part, the activity can be found by taking measurements for different masses and then
fitting a a(1 — e~?™)-function to the data.



3 Setup and measurements

To be able to calculate the half-life of the given samples, one has to measure the counting rate
of different samples of the three materials. Therefore a proportional counter filled with methane
is used. The counter is run on a high voltage generator which can vary between 1000V and
4000 V. After measuring, the signal passes a pre-amplifier and a main-amplifier and enters a
single-channel-analyser which outputs a square-pulse for each signal. With an analogue-to-digital
converter the signal is than passed to a computer. The signals after pre-amplifier, amplifier and
single-channel-analyser are first observed with an oscilloscope to guarantee, that all the signals

are counted properly. The setup for the experiment can be seen in Figure 2.
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(a) Setup for the measurement (b) Block diagram of the different electronic parts

Fig. 2: In the left picture the setup for the measurement is pre-
sented. In the right picture all the electronic components and their
cabling are shown. The proportional counter is connected to the pre-
amplifier (VV), the amplifier (Verstérker) and the single-channel-analyser
(Einkanalanalysator). In addition the high voltage generator (HV) and
the analogue-to-digital converter (BNC 2120) are shown. Both pictures
are taken from [2], p. 30.

The setup can be controlled with the LabVIEW-Software. A program for the measurement is al-
ready provided. In Figure 3 one can find the interface of the program. The following parameters
can be configured: starting voltage, end voltage, step voltage, measuring time and time between
the measurements. The data then is displayed in a table and a graphic and it can be exported.
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Fig. 3: In the picture one can see the interface of the software LabVIEW
used for the measurement. On the top the different parameters can be
configured, on the bottom a graphic is plotted and on the left hand side
the data is summarised in a table. The picture is taken from [2], p. 50.

In a first step two measurements are taken to get the characteristic of the proportional counter.
Therefore one measurement is taken with Uranium-238 and one background measurement with
an empty bowl. For the Samarium-147, first a measurement of the a-plateau is performed
followed by a long measurement of the counting rate in the middle of the plateau. In addition
again the background is measured and the surface area of the sample is assessed by measuring
the diameter of the bowl. In a last step measurements of Potassium-40 are taken. Again, first
the B-plateau is measured, followed by ten measurements at a constant voltage with different
masses of Potassium-40, weighed with a high precision weighing balance. To complete the
measurements the background is measured for this setup as well.

For all the measurements the parameters are modified to get an improved measurement and
guarantee an uncertainty of about 2%. The used parameters are mentioned in the analysis part
and can be found in Table 3 in the appendix.
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4 Data analysis and discussion of uncertainties

4.1 Counting tube characteristic with 2*U

To determine the half-life of 7Sm and 4°K their respective plateau has to be found. Therefore
the characteristic of the counting tube has to be evaluated. Thus 233U is used, because it emits
both a- and S-radiation.

For the measurement of the counting tube characteristic, voltages between 1000V and 4000 V
are applied to the proportional counter with steps of Ugep = 100V and a measuring time of
t = 50s. There is also a waiting time of 15s between each measurement so that the voltage
can stabilise itself. The counts C' for each voltage are of statistical nature, so the underlying
distribution is the Poisson distribution. As a result the uncertainty for the counts is given as
V/C. The resulting counting rate n of 238U is calculated with Equation 15 and its uncertainty
[4] with Equation 16:

(15)

=== \/? (16)

To find the actual counting rates of each sample the background radiation has to be evaluated,
for which a measurement with an empty aluminium bowl is performed. The voltages are again
set between 1000V and 4000V with steps of Usep = 100V. The measuring time is configured
to t = 100s and the waiting time to 15s. The resulting background counting rate is again
calculated with Equation 15 and Equation 16. The plotted counting rates n of 238U and the
background and their respective uncertainties can be found in Figure 4.
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Fig. 4: In this graphic the counting rate n in s~! is plotted against the
voltage U in V on a double-logarithmic scale. The green values represent
the measurement with 23®U and the blue values represent the background
counting rate.
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In Figure 4 the first detectable counting rate of 238U is at 1600V, whereas the background
counting rate is measurable prior to this voltage and is also higher than the ***U counting rate
until 2000 V. Reasons for this behaviour are discussed in subsection 5.3. Nevertheless there are
already two plateaus visible for the 233U measurement. To get a more well-found perception of
the two plateaus the counting rate n of 23¥U can be corrected with the background counting
rate npaek with Equation 17 and Equation 18. The uncertainty can be calculated by Gaussian
propagation of uncertainties [4]:

Necorr = ‘n - nback|a (17)

Ancorr = \/(An)2 + (Anback)Z- (18)

The corrected counting rate neorr of 232U can be seen in Figure 5.
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Fig. 5: In this graphic the corrected counting rate of ?**U n in s~! is

plotted against the voltage U in V on a double-logarithmic scale.

The a- and S-plateau can now be found more easily. The a-plateau reaches approximately from
2300V to 3000V and the §-plateau reaches roughly from 3500V to 3900 V.

4.2 Determination of the half-life of *"Sm

In order to find the half-life of 147Sm a good working voltage in the middle of the a-plateau has
to be located, which can later be used to perform a long measurement of the sample and the
background. Therefore a measurement from the beginning of the a-plateau at 2300V to the
middle of the S-plateau at 3700V is taken with a step width of Ugep = 100V, a measuring time
of t = 200s and a waiting time of 15s. The assessment of the plateau, with the counting rate n
being corrected with the background measurement of 238U as in Equation 17, can be found in
Figure 6.
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Fig. 6: In this graphic the counting rate n in s™! of 47Sm is plotted
against the voltage U in V, which is applied to the proportional counter.

The counting rate n is corrected with the background measurement of
238U.

To minimise the uncertainty to about 2% a long enough measuring time has to be selected which
can be estimated with Equation 22:

A
20— 0.02, (19)
n
V7 _g0e, (20)
ny/t
1
= 0.0004, (21)
nt
1
L 99
~ 0.0004n (22)

As a working voltage 2800V is chosen for the long measurement of '47Sm. By plugging in the
uncorrected counting rate of 7Sm at 2800V into Equation 22, which is n = 0.700s~!, the
resulting measuring time is ¢ = 3571s. Therefore a measuring time of 4000s is chosen. The
resulting counting rate, which is calculated with Equation 15 and Equation 16 is:

n = (0.699 +0.013) s~ L.

As a result the relative uncertainty [4] of the counting rate is:

A1 _ 1 0%,
n

Afterwards, a long measurement of the background radiation is conducted, to correct the as-
sessed counting rate of %7Sm. This measurement has to be as long as possible to minimise

13



the uncertainty of the background radiation. For reasons discussed in subsection 5.3, it had to
be taken twice and the shorter measurement is used for analysis. The voltage is again set to
2800V and the measuring time of the chosen background measurement is 7000s. The following
counting rate of the background could be found analogously as before:

Npack = (0.186 £ 0.005) s~ L.
With Equation 17 and Equation 18 the corrected counting rate of 147Sm is:
n = (0.513+0.014) s~ 1.

To compute the half-life of 147Sm, the surface area of the sample has to be calculated, for which
the used bowl has to be measured. Therefore the mean of six independent measurements is
taken and its uncertainty is calculated with the standard deviation of the mean [4]. Thus no
uncertainties have to be estimated on each single measurement. The measured diameters and
the mean are listed in Table 2:

Tab. 2: Table of the measured diameters of the '*7Sm bowl. There are
no uncertainties for each measurement of the diameter, because only the
mean is important and its uncertainty is calculated with the standard
deviation of the mean [4].

Measurement Diameter

2.88 cm

2.88 cm

2.89 cm

2.87cm

2.88 cm

2.875cm

Mean d (2.879 + 0.003) cm

O T W N~

With the mean diameter d it is now possible to determine the surface of the bowl and calculate
its uncertainty with Gaussian propagation of uncertainties [4]:

72
Fe Wdz, (23)
AF = F%, (24)

= F = (6.511 + 0.012) cm?.

To calculate the half-life of '*7Sm the following formula, which is introduced in the theory part in
Equation 7, is used with the uncertainty calculated from Gaussian propagation of uncertainties
[4]:

PSm2038me05 Nalpel

Ty /9 = In(2 25
1/2 n(2) MMMl ) (25)
m 1502 N A Nre AF\? FAn\?
ATl/Q _ ln(2) Ps 2O3RS 203 Alrel ] \/<) + ( 2n> . (26)
2Myel n n

Therefore we need to apply the Bragg-Kleeman relation to get psm,05 Rsm,05 [2]:

A Smy0
pszOgRSmQO;g = pAirRAir 23 (27)
MA Air

14



The values for mye1, /MAa Sme0; and /ma; can be calculated by using the atom masses from
[5] and the relative share p; of the atoms and the formulas from [1]:

Myl = 2Msm + 3mo = 348.717u,
2mg 3mo
VA Sma05 = T\/ 2msm +
re

m Mrel
VA Air = PN, AirV2mN + PO AirV2mo + PAr, Airy/Mar = 5.387 V.

The values for the masses of oxygen and nitrogen in the air have to be taken twice, because
both of them occur bonded in pairs (O2 and Na).

3mo = 15.908 /1,

As a result we receive the following half-time for 147Sm with Equation 25:
Ty /2 = (1.46 £ 0.04) x 10" years.

A comparison with the half-time value in literature can be found in subsection 5.1.

4.3 Determination of the half-life of *°K

To evaluate the half-life of °K again a good working voltage has to be found. Due to %K
being a f[-radiator the g-plateau has to be evaluated. Therefore a measurement with voltages
between 3400V and 4000V is conducted with a step width of Usep = 100V, a measuring time
of t = 100s and a waiting time of 30s. Analogously to 47Sm the counting rate is corrected with
the background measurement of 238U with Equation 15 and a plot can be found in Figure 7.

Corrected measurement for “K

X Corrected K measurement
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<

Counting rate n [s7!]
w
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F————

w
=)

o]

3400 3500 3600 3700 3800 3900 4000
Voltage U [V]

Fig. 7: In this graphic the counting rate n in s~! of “°K is plotted against
the voltage U in V, which is applied to the proportional counter. The
counting rate n is corrected with the background measurement of 238U.

As a feasible working voltage for the upcoming measurement of the counting rates of different
masses of ‘0K, 3800V is chosen. To estimate the measuring time of the multiple different

15



masses, to once again get a relative uncertainty of under 2%, Equation 22 is used. Plugging in
the observed counting rate at 3800V, which is n = 5.060, leads to a measuring time of 494 s.
The selected masses m, the measuring time ¢, the counting rate n and the relative uncertainty
of each measurement are summarised in Table 4 in the appendix.

To correct these calculated counting rates again a long background measurement is taken with
the bowl of “°K. Analogously to the prior calculations, the resulting background counting rate
is:

Npack = (0.728 £ 0.016) s 1.

In a next step, the counting rates of the different masses are corrected with the background
counting rate and then a data fit is performed in order to calculate the half-life of “°K. The
expected relation between the counting rate and the mass can be found in Equation 14 in the
theory part. The function we use to fit the data is given in [2]:

n(m) = a(l —exp (~bm)), (28)
B
a= fB;AS};p = fgfs. (30)

The corrected counting rates and the data fit, which was performed with
scipy.optimize.curve_fit, can be found in Figure 8.

Data fit of the counting rate

— Fit
B Measured activity

X

w

Counting rate n [s7!]
[\

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Mass m [g]

Fig. 8: In this graphic the counting rate n in s~! of 4°K is plotted against
the mass m of °K in g. The counting rate n is corrected with the back-
ground measurement. Additionally, the data fit is portrayed in the plot.
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The values for a and b from the fit and their correlation factor Cov(ab) [6] are:

a=(4.53+0.09)s"},
b= (1.67+0.07) g,
Cov(ab) = —0.006s 1 g~ 1.
A x2-value is calculated to give an approximation for the quality of the fit [6]. A x2-value of
x? ~ n — f where n is the number of data points — in our case 10 — and f is the number of fit

parameters — in our case 2 — characterises a good fit. If x2 > n — f, the fit is not a good match
for the data [6].

X* =34,
n—f=8.

The difference in these two values is discussed in subsection 5.3.

To calculate the half-time of “°K Equation 13, that is introduced in the theory part, is used:

In(2) N
Tijg=—=-—. 1
127712 7 A (L)
By rearranging the formula for a Equation 30 and with N from [2] we get:
2ab
A=m=2, (32)
fB
Nahye
N = ATl (33)
Myel
111(2) NAhrelfB
T o = . 34
TR T T 2abmyg (34)
In(2) Nahwafs ( Aa)2 ( Ab)2 1
ATy = . - S — 2—— b
TN T dm ) T Tar) Taptoviad) (35)

The uncertainty is again calculated by Gaussian propagation of uncertainties, taking into con-
sideration the correlation between a and b [6]. To calculate the half-time we need to compute
Myel With masses from [5]:

Mrel = MK + mqp = 74.548 u
Finally the half-life can be determined with the values for h. and fp from [1]:
Ty /o = (1.59 + 0.04) x 10 years.

A comparison with the half-time value in literature can be found in subsection 5.1.
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5 Summary and discussion of the results

5.1 Comparison with expectation

A comparison between measured values and the values in literature can be done by using a
t-value. The t-value is calculated by dividing the difference between measured and real value
with the uncertainty of the measured value. A t-value smaller than two corresponds with a good
measurement. For the half-life of 147Sm we get the following t-value with the value in literature
— trit = 1.06 x 10! years — being taken from [1]:

t = 10.0.

The value in literature for °K — t1;; = 1.28 x 10 years — can also be found in [1] and the t-value
is:

t="7.1.

Possible reasons for this discrepancy in the t-value are debated in subsection 5.3.

5.2 Summary of the results

In the first part of the experiment the counting tube characteristic was measured with 23U
and the a-plateau could be found for voltages from approximately 2300V to 3000V and the
[-plateau is roughly from 3500V to 3900 V.

The half-life of ¥7Sm has been determined by using the method of measuring the diameter of
the bowl and thereof calculating the surface area. As a result the half-life of 47Sm is:

Ty /o = (1.46 £ 0.04) x 10'! years.
A comparison with the value in literature lead to a suboptimal compatibility with a t-value of:
t = 10.0.

In the third part of the experiment the half-life of “°K has been assessed with the method of
measuring different masses of the sample and then finding fit parameters in order to plug them
in the formula to calculate the half-life. The final value is:

Ty /o = (1.59 £ 0.04) x 10° years.

The comparison with the value in literature lead to a better compatibility, which is still not that
good:

t="7.1.

5.3 Discussion of results and uncertainties

Although the results for the half-life for both samples are on the same scale as the real values,
there is still a significant discrepancy between the values, which can also be seen, when looking
at the t-values calculated in the previous sections. There are two main factors contributing to
the unpleasant t-values: On the one hand there are problems in the measurement that lead to
wrong results and on the other hand the uncertainties can be underestimated. Reasons for both
factors will be discussed in this section.

A first discussion point is the fact that especially for the uranium-measurement the background
for low voltages is higher than the measured values, which on first sight should not be possible.
Potential reasons are on the one hand statistical factors and on the other hand problems with the
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electronics and the setup. Between the measurement of the uranium-sample and the background
radiation, the electronics were reconnected to look at the signals on the oscilloscope again. It is
possible that some parameters were changed when reconnecting the cables which would lead to
other counting rates.

A very important factor is a problem with the counting electronic that occurred during one of the
potassium-measurements. For the second measurement the electronics started to count every
signal twice, which was noticed, because of only even numbers being counted. This observation
was confirmed with an empty bowl. The problem could be easily solved by restarting the
LabVIEW-Software and the electronics of the setup, but still it can not be ruled out, that double
counting occurred during the other measurements, which would lead to falsification of the data.
An important example could be the one value in the measuring with different masses that does
not fit the theoretical expectation in Figure 8. This data point also leads to the high y?-value
for the data and could be caused by a measurement with some detectations counted twice.

Another problem, that lead to imprecise measurements was, as already mentioned, that one of
the background measurements had to be done twice. The long background measurement for
Samarium-147 over night with a measuring time of over 14 hours could not be taken, because
the gas supply was shut when arriving in the morning. This means that the measurement had
to be redone, but because on the second day only half of the time was available, only a shorter
measurement with a greater error could have been taken. This also leads to the fact, that the
uncertainties of the background still contribute, although they should not contribute at all.

For the measuring times an approximation was made by finding the time after which the uncer-
tainty is lower than 2% as described in the analysis part. For this approximation the uncorrected
data was used. It could have been more sensible to use the corrected data for this approxima-
tion, which means that lower counting rates and therefore longer measurements would have been
necessary. This could have led to more precise measurements. Because of the correction with
the background the uncertainties are all slightly above 2%, which could have been prevented,
by using this different approximation.

Another less important factor could be the weighing method used in the experiment. After
setting the high precision weighing balance to zero with an empty bowl, the filled bowl was
measured. A more precise measurement would have been possible by always weighing the filled
bowls and in the end performing several measurements with the empty bowl to subtract its
weight.

Some other factors that could have influenced the measurements can be the following. First of
all it is possible that remains of radioactive materials are somewhere in the setup that lead to
uncertainties in the measurement. Still those remains should not be very influential since they
contribute to the background measurements as well. Another more important point is that the
radioactive samples could also be polluted. Especially in the potassium-chloride, several clumps
were visible that can be the results of pollution. Because every group uses the same material
to save costs, it is likely to get contaminations. As a last point one always has to keep in mind
that radioactivity is a statistical process which only leads to good results when taking a lot of
measurements. Therefore taking longer measurements can always improve the results.
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7 Attachment

7.1 Tables and graphics

Tab. 3: In the table all the measurements performed are listed and all
the relevant parameters for the measurement are shown: The starting
voltage Ustart and the end voltage Uenq, as well as the step-voltage Ustep,
the measuring time, the waiting-time, the mass m and the counts C'. The
uncertainty for the mass is always 0.0005 g, other uncertainties are not
known. The measurement that were not used in the analysis are also
listed but written in italic letters.

Measurement Ustart In V' Ueng in V' Uspep in V' time in s waiting-timeins min g C
2381J: characteristic 1000 4000 100 50 15 - -
2387 background 1500 4000 100 100 15 - -
1479m: a-Plateau 2300 3700 100 200 15 - -
1478m: long measurement 2800 2800 - 4000 30 - 2795
147.8m: wrong background 2800 2800 - 52200 30 - 14309
1479m: right background 2800 2800 - 7000 30 - 1299
40K: S-Plateau 3400 4000 100 100 30 - -
40K: mass 1 3800 3800 - 800 30 0.1935 1519
40K: mass 2 3800 3800 - 660 30 0.3802 1975
40K: mass 3 3800 3800 - 640 30 0.5568 2241
40K: mass 4 3800 3800 - 600 30 0.6940 2393
40K: mass 5 3800 3800 - 560 30 0.7951 2132
40K: mass 6 3800 3800 - 540 30 1.0615 2390
40K: mass 7 3800 3800 - 520 30 1.1656 2363
40K: mass 8 3800 3800 - 520 30 1.3409 2673
40K: mass 9 3800 3800 - 520 30 1.5599 2567
40K: mass 10 3800 3800 - 520 30 1.8801 2570
WK mass counted twice 3800 3800 - 540 30 0.7919 4652
40K background 3800 3800 - 2700 30 - 1966

Tab. 4: In the table all the measurements with different masses on
potassium-40 are presented. In addition to mass m and time ¢, the count-
ing rate n is given with its absolute and realative uncertainty. The un-
certainty for the mass is always 0.0005 g.

Measurement mass m ing timetins nE+Anins™ ' Ang
mass 1 0.1935 800 1.90 +0.05 2.6%
mass 2 0.3802 660 2.99 +0.07 2.3%
mass 3 0.5568 640 3.50 +0.07 2.1%
mass 4 0.6940 600 3.99 +0.08 2.0%
mass 5 0.7951 560 3.81 +£0.09 2.0%
mass 6 1.0615 540 4.43 +0.09 2.0%
mass 7 1.1656 520 4.54 +0.09 2.1%
mass 8 1.3409 520 5.14 +£0.10 1.9%
mass 9 1.5599 520 4.94 +0.10 2.0%
mass 10 1.8801 520 4.94 +0.10 2.0%
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Fig. 9: In this graphic the counting rate n in s~! is plotted against the
voltage U in V on a double-logarithmic scale. The counting rates n are
corrected with the background measurement of 233U. The red values rep-
resent 23U, the blue values represent 47Sm and the values in black are
from the “°K measurement.
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7.2 Lab notes
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