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Adapted from a write-up by Prof. Ruddick 

4.1.  Introduction 

In this experiment you will make an accurate measurement of the lifetime (a fraction of a μsec) of a 
naturally occurring isotope of polonium, 212

84 Po .  This isotope occurs in the final stages of the natural 
radioactive thorium series, which is the chain of α and β decays leading to the eventual conversion of 

232
90Th   to a stable isotope of lead, 208

82 Pb  . Th232, the first member of the series, has a half life of 
1.39×1010 years, much greater than the age of the earth and, in common with the other natural 
radioactive species, U238  and K40 , is still present in significant quantities, typically about 1 part per 
million by weight, in the earth's crust.   

Intermediate members of the decay chain have much shorter half-lives than the Th232 , varying from 
years to fractions of a second, so that in any particular thorium sample, these will usually be in 
radioactive equilibrium.  This is the situation where the production rate of an intermediate species 
equals its decay rate, with the amount of the species staying constant.  So, for example, the number of 
Po212  decays per second will be the same as the number of the original Th232 decays per second.  The 
Po212  has a half-life which is by far the shortest in the series.  It is produced in the final stages of the 
decay chain: 

 )(208212212 stablePbPoBi →→  

This is a β-decay followed by an α-decay and represents 66.3% of the Bi212  decays.  (The other 33.7% 
of decays go via an α-decay to Ti208  followed by a β-decay to the stable Pb208 .) 

 

You will use a scintillation counter to detect the α and β-particles emitted from a sample of thorium.  
Among the general background of scintillation pulses due to α's and β's, the production and decay of 
Po212  will be signaled by pairs of pulses very close in time:  
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• Figure 4.1. Signal (i.e. Voltage) vs. t diagram for decay events. 

The first of these pulse pairs is produced by a β due to the formation of 84Po212  and the second by an 
α, due to its decay.  A pulse from the scintillation counter can be used to start a clock running, 
corresponding to the birth of the Po212  and the clock can be stopped when the α-particle from decay of 
Po212  is detected in the same scintillation counter.  The distribution of measured lifetimes should have 
the characteristic exponential form for decay of radioactive species: 

( ) τ
t

eNtN −
= 0   (4.1.) 

where τ is the mean life and No is the number of parent nuclei at t = 0.  This equation has been derived 
from the fundamental equation of radioactive decay, which says that the rate of decay, dN/dt, is 
proportional to the number of parents, N: 

τ
N

dt
dN

−=   (4.2.) 

Combining these two equations yields: 

τ

τ
t

e
N

dt
dN −

−= 0   (4.3.) 

You should be able to show that the mean life is related to the half-life, τ1/2 , by: 

τ1/2 = τ ln(2) (4.4.) 

4.2.  Scintillation Counters 

A scintillation counter consists of two components: a scintillator which responds to the passage of an 
ionizing particle by emitting a flash of light, and a photomultiplier which converts this flash into a 
measurable voltage pulse. 

In this experiment you will use a "fast" organic scintillator to detect electrons and alphas emitted by the 
thorium sample.  The particular scintillator used here is a plastic (polystyrene) lightly doped with  
scintillating and wavelength shifting chemicals (type NE102, manufactured by Nuclear Enterprises, 
Inc.). The flash of light lasts only about 2 nsec (1 nsec = 10-9 sec) and the amount of light is proportional 
to the total energy deposited by electrons, which are lightly ionizing.  The light output saturates for the 
very heavily ionizing α's so that the 8.78 MeV α's emitted in the  Po212 decay produce a comparable 
amount of light to the electrons from the Bi212  β-spectrum which extends up to 2.25MeV. The β's can 
travel up to about 1 cm in the scintillator, but the alphas have a range of only about 0.01 cm.  The 
scintillation light from a 1 MeV electron consists of about 1000 photons. 
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The photomultiplier (PM) is generally attached to a scintillator either directly, or indirectly via a light pipe, 
so that any light produced in the scintillator passes through the glass envelope of the PM and strikes a 
photo-sensitive surface known as the photocathode. The photocathode has a low work-function so that 
incident photons cause electrons to be emitted (the photoelectric effect).  The probability of a single 
photon emitting an electron is wavelength dependent and is about 20 to 25% for the scintillation 
photons.  The construction of a typical PM is shown in figure 4.2: 
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• Figure 4.2. Drawing of photomultiplier tube (PM.T). 

Electrons from the photocathode are accelerated through a potential difference of 100 to 200 volts, 
typically, to an electrode called a dynode, where each electron knocks out several more electrons.  The 
number of these secondary electrons is proportional to the energy of the primary and is typically around 
2 to 3 per 100 eV.  The electrons are then accelerated down a chain of similar dynodes so that after 10 
dynodes, say, each with an amplification factor of 4, the net gain would be 410, or 1.05×106 .  The 
dynode potentials are supplied by a voltage-divider network connected across a high voltage supply, 
and the overall gain can be adjusted by varying this voltage.  See figure 4.3: 
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• Figure 4.3. Schematic representation of a PMT. 

The final signal at the anode consists of a current pulse, which is proportional to the light output of the 
scintillator.  By placing a suitable load resistor across the anode, Ra, measurable voltage levels are 
obtained.  PM gains are typically 106 to 108, and appropriate PM's are chosen for the given application.  
In addition to gain, some obvious additional properties are: area of photocathode, speed of response 
and rise-time of the signal. 
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4.3. The Apparatus 

The Detector 

The PM used in this experiment is an RCA type 4465, which has a large 5 inch diameter photocathode.  
It has 10 dynodes arranged in a "venetian blind" structure, which leads to pulses about 20 nsec wide 
due to the spread in electron transit times from cathode to anode.  (There are faster "in-line" dynode 
structures producing 1-2 nsec wide pulses, for matching to the fastest available scintillators which have 
luminescence decay times of about 1 nsec).  PM's are usually operated with the photocathode at 
negative high voltage and with the anode at ground potential.  In this case, in the interest of safety, (and 
incidentally for less noise due to leakage in the region of the photocathode) the photocathode is run at 
ground potential with the anode at positive high voltage.  The signal is brought out from the anode 
through a series capacitor. 

The thorium source is provided by a gas mantle which 
contains thorium oxide.  Before the age of electricity, 
this was the main use of thorium.  As a by-product of 
your experiment you will measure its (low) activity and 
be able to assess its strength relative to the radioactivity of the 
surrounding environment.  The gas mantle is in place next to the 
scintillator.  See the picture to the right. 

If you are curious, you can observe the actual signals from the 
PMT on the scope.  Before you turn on the high-voltage to the 
PM connect PM’s signal output to the scope.  The coaxial cable 
should be terminated in its characteristic impedance of 50Ω at 
the input to the scope using the available 50Ω terminators.  
This is to ensure that no reflections occur at an impedance 
mismatch since the input impedance of the scope is on the 
order of MΩ’s. 

What polarity will the pulses from the PM be?  To start out, 
you should set up the horizontal sweep at about 20 nsec/cm and use the most sensitive vertical 
scale, (a few mV/cm).  The intensity of the trace should be set at maximum. 

Turn on the high voltage to the PM and set the high voltage at 1500 V, which is the maximum 
permissible for this PM. 

The Discriminator and NIM to TTL Converter 

You will have seen that the pulses from the scintillator are much faster than any you have used 
previously in the lab; we must use coaxial cables for signal transmission and the NIM (Nuclear 
Instrumentation Module) standardized system for data acquisition and logic. 

If you are satisfied that the scintillation counter is operating satisfactorily, plug the output from the 
phototube directly into the input of the topmost unit of the DISCRIMINATOR (LeCroy Model 821)  (A 
discriminator is another term used to describe a “comparator”; see your fall lab manual for information 
on comparators if you have forgotten how they work.)  Since the discriminator is already internally 
terminated, do not use terminators for the connection between the PMT and the discriminator. 
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The discriminator generates a standardized NIM output pulse (-0.7 V to - 1.2V into 50Ω) whenever the 
input exceeds a preset threshold.  This threshold is adjustable with a small screwdriver from a minimum 
of 30 mV (fully counter-clockwise) and can be measured directly (×10) at a test point on the front panel 
of the unit.  It should have already been set to the minimum, i.e., all the way counter clockwise.  The 
pulse width has been set to the discriminator’s minimum width, about 20 nsec. 

The time delays between the start and stop pulses are measured by a National Instrument PCI 6602 
timer board inside a P.C.  Since this board only accepts TTL level pulses, the NIM level pulses from the 
discriminator must be converted.  That is accomplished with the C.A.E.N. N89 NIM to TTL converter 
unit.  Connect a cable from the discriminator output to the C.A.E.N.’s IN NIM input.  (Leave its switch in 
the OUT position.)   Finally, connect the cable from the PCI 6602 connector box to the corresponding 
C.A.E.N. OUT TTL output. 

The QVT Program as a "Clock" 

Originally, a NIM bin equipment called a “Multichannel Analyzer” or “QVt” (short for charge, voltage and 
time) was used in the lab to digitize the time intervals between the START and STOP pulses and to 
store the resulting time spectra in a histogram.  Since this equipment no longer functions properly, we 
instead use a NI PCI 6022 timer card and LabWindows software to achieve the same functionality. 

The LabWindows code for the program has already been written and is stored in the 
U:\pub\LW\InstDrivers\QVTPolonium folder.  Copy the 4 files to a folder in your account. 

Double clicking on the project file should start the LabWindows project. Before you run it, be sure to 
provide it with a suitable input signal such as the calibration signal (as explained in the next section) or 
the actual decay signal.  Without a suitable input signal the program will time out. 

 
• Graphical User Interface for the QVT Program. 
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The program measures the time interval between the start and stop pulses; if it is less than 5 μsec, it 
adds the event to the corresponding channel (or bin) and displays the resulting time spectra in a 
histogram.   (Note: the terms “bin” and “channel” can be used interchangeably.)  The program’s main 
features are: 

• To start the data acquisition, click on the “Acquire Data On/Off” “Off” button. 

• Before you can quit the program you must have turned off the data acquisition. 

• The display shows the natural log of the number of events vs. time interval.  To change the 
vertical display to a linear scale, change the “Y-Axis Log/Lin Display” to “Lin.” 

• There is a time delay between acquiring the data and updating the histogram.  To override this 
feature, press “Update Histogram Display Now.” 

• The time between the start and stop pulse is measured; therefore, leave the “Time 
Measurement” setting on “Pulse to Pulse” for this experiment. 

• “X-axis Zoom (%)” allows you to zoom in on the leftmost bins. 

• “Save Histogram” saves the data in the histogram, i.e., the bin number and counts, to a “csv” 
file.  Double clicking on the file will open it in Excel. 

• The “Bin Merge” control merges counts from adjacent bins into a single bin.  For this 
experiment, there is no need to use it. 

The program is currently set up to display 400 channels, spanning a maximum time interval of “about” 5 
μsec. 

4.4. Experimental Procedure 

 

• Experimental setup for 1) calibration and 2) actual data taking. 
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Calibration of the Clock 

The pulse pairs in which you are interested appear on a single coaxial cable from the scintillation 
counter.  This can be simulated using a pulse generator such as the Philips 5715. 

Under no circumstances should the Philips PM 5715 pulse generator ever be connected directly to the 
National Instrument PCI 6022 board!  For testing and calibration of the QVT program hook the pulse 
generator always first to the discriminator and the NIM to TTL converter and only then connect the 
discriminator output to the QVT! 

Set up the Philips 5715 Pulse generator using the following settings: 

DC OFFSET: 0   

AMPLITUDE: min (i.e. fully ccw)   

 0.5V   

PULSE: NORM   

 - (i.e. Negative Polarity)   

 DOUBLE   

RAMP: 6ns VERNIERS tr & tf: min 

DURATION: 10nsec VERNIER: almost min 

DELAY: 100nsec or 1μsec VERNIER: adjust till ok 

REP. RATE: 100usec VERNIER: min 

 

Connect the leads from PULSE OUT to the scope and the discriminator.  Remember, when you 
observe the output from the pulse generator on the scope you need to terminate the cables (at the 
scope end) with a 50 Ω terminator.  You do not use a 50 Ω terminator when you connect the pulse 
generator to the discriminator. 

 

Using the scope to observe the output (negative, ≈ -100 mV) of the pulser, generate a stream of pulse 
pairs with pulse to pulse separation of about 5 μsec.  To change the separation time, adjust the DELAY 
VERNIER knob.  Plug this signal into the discriminator. 

The calibration procedure should now be obvious.  Measure the time between pulse pairs on the scope 
as accurately as possible, and observe the channel number corresponding to these times.  Since full 
scale is about 5 μsec, take data in intervals of about 500 nsec or at least 10 data points for the entire 
range. 

Reading the exact channel number from the histogram display can be difficult.  Instead, you may want 
to save the data to a “csv” file.  Looking at it in Excel should then make it straightforward to correlate the 
particular time interval to its corresponding channel or bin number.  (Note: since the counts for a given 
time interval rarely fall into one bin only, one could refine the correlation by fitting the counts to some 
assumed distribution.  While such a method would work, its effort is not warranted considering that the 
corresponding time measurements from the scope are probably far less accurate!) 

Finally, use a least squares fit to determine how the time between pulse pairs, t, relates to the channel 
or bin number, i.e., determine: 

( ) Bintitit Δ+= 0   (4.5.) 
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(See figure 4.5.)  From this fit, you also will be able to determine directly the bin width, ΔtBin and its 
uncertainties.  In your report, state the fit parameters that you obtained for t(i) and their uncertainties, as 
well as 2

υχ . 

i-1

t
i-2

dN/dt
(counts)

i+1 i+2 Bin Number or
Channel Number

ΔtBin

i
  

• Figure 4.5.  Count Histogram 

Taking Decay Data  

The output from the scintillation counter can now be substituted for the pulser output.  Set the PMT to 
1500 VDC (positive polarity) for data acquisition.  To show that the time spectrum is indeed 
exponential, it is useful to use the LOG display on the histogram.  Before the actual data run, test that 
that everything works by taking data for a few minutes. 

Finally, start the “real” data acquisition which should run overnight.  Leave a sign at the computer with 
your name and an indication when you expect to turn off the data acquisition.  Be sure to terminate the 
program before any of the scheduled lab sessions meet!  (WARNING: Programs running into 
scheduled lab sessions or for more than a day may be terminated without the user’s consent if the 
equipment is needed by other students!) 

Single Particle Rate:  NS / ΔT 

You must also measure the rate for observing a single particle, NS /ΔT.  This rate will be needed to 
calculate the expected background correlations between (random) pulse pairs for a data acquisition 
system which has zero “dead time,” i.e., a system which is entirely dedicated to the data acquisition 
process.  Comparing this background with the value obtained from the least squares fit will then allow 
you to make adjustments for the dead time that the computer data acquisition experiences. 

Leave everything connected as in the previous section when you took the decay data and connect a 
cable from the discriminator to the scaler unit, i.e., the “Visual Scale Model V8.”  (A “scaler” is just 
another fancy name for a “counter.”)  Record the number of single particle counts, NS, over some time 
interval, ΔT.  You may want to reset the scaler by pushing its ENABLE button before you start the 
count.  One or two minutes of run time should suffice.  Record the number of counts per second, 
NS / ΔT, obtained by this method. 

4.5. Data analysis 

You will determine the half-life of Po212 , the background counts, the amount of Th232  present in the gas 
mantle and its radioactivity by performing a least-squares fit of your data using the weighted errors.  
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The fit must be done with an Excel spread sheet program that you wrote using the equations in this 
manual. 

Preliminary Data Analysis 

When you look at the (natural) log of the observed counts vs. bin number (or time) you will notice three 
distinct regions: 

1) The counts in the left most bins, roughly bins 0 to 10, are less than the counts in the bins 
immediately following it.  This effect is due to the finite pulse width of the trigger signal, cable 
reflections and other digitization noise. 

2) Directly following this region, you should see a linear region corresponding to the exponential 
decay from Polonium.  This is the data that we want to study. 

3) To the right of the linear decay region, the counts approach (on average) a constant value.  This 
region is called the “pedestal” and it represents the background counts triggered by cosmic rays 
and other radioactive materials present.  Note: the background counts are also present in the 
counts for the exponential decay region.  Therefore, it is important to determine their magnitude 
accurately so that they can be subtracted from the decay data before it can be further analyzed. 

When fitting your data you may ignore the counts in the leftmost region.  By observing the χi for these 
bins you will decide how many of these you want to discard.  In your report, state how many of these 
bins you discarded and why. 

 

Background Counts 

Before the half-life of Po212  can be determined from the observed decay rates, 
iObsN , they must be 

corrected for random or background coincidences, NBkg.  These have to be subtracted from the 
individual decay rates to yield the net decays, Ni. 

BkgObsi NNN
i

−=  (4.5.a.) 

 
There are three ways to determine the background counts per bin: 

1) A rough estimate of NBkg can be obtained by averaging the data in the bins previously labeled as 
region 3. 

2) Applying the natural log to the exponential decay, equation 4.1., results in a linear relation ship 
between the log of the (Po decay) counts and time.  If additional background counts are added (or 
subtracted) then the linear relationship no longer holds.  Therefore, applying a least-squares fit to 
the log of the actual (Po decay) counts vs. bin number results in a fit to a straight line.  Too few, or 
too many background counts will “curve” the line and will increase the χ^2 of the straight line fit. 
 
Therefore, adjusting the background counts until we observe a minimum χ^2 will give us a very 
good estimate of the background (and good fit results!)  We will use this method to determine the 
background counts per bin and to fit the data. 
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3) The “background” or “pedestal” can also be calculated from a probability argument provided that dt 
is much less than TotalTotal NTΔ , the average time between counts:  (If this were not the case, 
Poisson statistics would have to be applied.) 

 The number of individual particles that can be observed during a short time interval dt is: 

( ) dt
T

N
dtdtN

Total

Total
Single Δ

=   (4.6.a.) 

 

It follows that the probability for observing a single particle is proportional to TotalTotal TN Δ .  The 
probability of detecting two particles within a short time interval dt, in other words the probability of 
detecting a random pulse pair, must then be proportional to the square of the probability of 
detecting a single particle: 

( ) dt
T

N
dtdtN

Total

Total
PulsePair

2

⎥
⎦

⎤
⎢
⎣

⎡
Δ

=   (4.6.b.) 

 

To determine the total number of random pulse pairs per bin over the entire data acquisition time, 
NRandom, multiply the previous equation by ΔTTotal.  Also notice that dt = ΔtBin.  Therefore: 

Bin
Total

Total
Bkg t

T
N

N Δ
Δ

=
2

  (4.7.) 

 

From last part of section 4.4, you should know the rate for observing a single particle, NS /ΔT.   
Since this rate is identical to NTotal / ΔTTotal, NTotal can be obtained by: 

NTotal = ΔTTotal NS /ΔT (4.7.a.) 
 
You should now be able to determine NBkg per bin from this approach.  Calculate it and state it in 
your report. 

How do these three methods differ?  Method 1 and 2 should provide similar results though method 1 is 
less accurate than method 2 because it depends on the interpretation of which data points belong to 
the pedestal and which to the decay region. 

The results form method 3 will differ from those of method 2 (and method 1) because method 3 
assumes that there is no dead time in the data acquisition system.  The data acquisition system from 
the computer has considerable dead time since it is executing various other tasks such as processing 
system events, updating the histogram etc., and the results obtained from method 1 and 2 should be 
lower than those from method 3.  While the dead time will not affect the lifetime calculations it will have 
a direct impact on all the Polonium and Thorium activity calculations and you will correct for this later.  
For now, state the results of the three methods. 

Finally, when fitting your data you will have to adjust the decay rate in each bin to correspond to the net 
decay rate.  In all future references, when referring to decay rates, it is implicitly assumed that the net 
decay rates are meant! 
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Fitting a Histogram 

To fit the acquired data to a straight line, an appropriate fitting function must be selected and the 
resulting uncertainties must be determined. 

Note that in the equation for the decay rates, equation 4.3, dN/dt represents a continuous function.  
Since your data corresponds to decay rates that have been collected in bins of equal time, you must 
adjust equation 4.3 accordingly.  The decay rate per bin, dN/di, which is what you measured, can be 
found by combining equations 4.3 and 4.5, which leads to: 

Bintdi
dN

dt
di

di
dN

di
di

dt
dN

dt
dN

Δ
==⎥⎦

⎤
⎢⎣
⎡=

1   (4.8.) 

 

Since dN/di corresponds to the number of decays for a particular bin, use the following substitution to 
make the notation less confusing: 

di
dNNi ≡   (4.9.) 

 

Combining all these facts, this shows that equation 4.3 still holds but it must be corrected for the finite 
bin width: 

τ
τ

Bintit
Bin

i e
tN

N
Δ+

−Δ
−=

0
0   (4.10.) 

 

Furthermore, from this result you can see that selecting a fitting function, f(i), that uses the natural log of 
the absolute value of the data, results in a linear relationship between the fitting function and i.  Applying 
this fitting function to the previous equation results in: 

[ ]
ττ

BinBin
ii

tittN
Nf

Δ+
−⎥

⎦

⎤
⎢
⎣

⎡ Δ
== 00lnln   (4.11.) 

 

Assume that a linear fit of your data to the above expression yields a slope "b" and an intercept "a".  In 
your report, find an analytic expression for τ and No in terms of a, b,  to and ΔtBin .   (Note that No will also 
be a function of τ.) 

Error analysis 

You must use a weighted fit to determine τ and No from your data.  To do so, you must determine the 
error in fi, ifσ , which can be found by taking the partial derivative of fi with respect to Ni.  Since the error 

in Ni is statistical, you can assume that: 

iN N
i

=σ   (4.12a.) 
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In the absence of background counts, you should be able to prove that if N
i

1=σ . 

In the presence of background counts, as this clearly is, equation 4.11 has to be adjusted for the net 
counts, Ni, see equation 4.5a.  It now becomes: 

[ ]BkgObsi NNf
i

−= ln  (4.12b.) 

 
The error in fi , ifσ , becomes now a function of both  

iNobsσ  and 
BkgNσ .  

ifσ  can be found by taking 

the partial derivative of equation 4.12b. with respect to NBkg and NObsi and by remembering that 

ii NobsNobs N=σ  and BkgN N
Bkg

=σ .  

Determine the half-life of Po212 and its probable error  

Use the LSQ Excel spreadsheet and do a least squares fit of fi vs. i using weighted errors 
if

σ as 
explained in the previous section.  As outlined in the “Background Count” section, method 2, adjust 
your NBkg until you get the lowest value for 2

υχ .  

One annoying problem that you will encounter when you adjust NBkg is that you will obtain negative 
(net) counts.  Statistically this is unavoidable (why?)  It indicates that this part of your data set mainly 
represents background data and, therefore, is not useful for this fitting procedure.  Furthermore, you 
should also notice that the error for this part of your data set is many times larger than the actual count 
values and, therefore, this part of the data set can be ignored! 

How does this NBkg compare to the backgrounds obtained by the other methods as stated in the section 
on back ground counts? 

Looking at the fitted data do the error bars look reasonable over the whole range?  What is 
reasonable?  If not, check your calculations.  Include this plot in your report. 

Make sure you have read and understood appendix B and that your fit resulted in an acceptable 2
υχ .  

State in your report the 2
υχ  and if you had to eliminate “bad” data points, report what criterion you used 

and how many points were deleted; also include a plot of iχ  vs. i.  From the fit results, using equations 
from the previous section, determine τ, τ1/2 , N0 and their uncertainties.  State explicitly the functions 
used to calculate the uncertainty in τ1/2 and N0. 

You might be interested in comparing your result with previous measurements: A compilation of these 
appears in Table of the Isotopes, edited by Lederer et al., and a relatively recent experiment is 
described in Physical Review, Volume C12, page 318 (1975), both of which you can find in the library.  
The precision of your result should be at least as high as these. 

Determine how many Po212 decays/second are occurring in the gas mantle 

From the previous results, you should now be able to calculate the number of Po212 decays/second ( 
TotalPolonium TN Δ_0  ) in the gas mantle.  However, you need to keep the following in mind and adjust 

your rate accordingly: 

• You detect the α's and β's with 25% efficiency (each) when they hit the scintillator and, in 
addition, only 50% of each travel in that direction. 
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• Due to the finite dead time of the computer data acquisition system, some events are not 
recorded.  You can obtain a pretty good estimate of the dead time or efficiency of the computer 
system by comparing the estimated background of a system without dead time (see 
Background Counts Method 3 section) to the background you obtained from your least 
squares fit of your computer data.  Correct your No by this factor. 

Use this information to calculate the number of Po212 decays/second and state it and its uncertainty in 
your report. 

 Before continuing, you should check your answer.  Compare it with the single particle event rate, 
NS /ΔT.  Clearly, the number that you obtained should be less than this rate! 

Determine the radioactivity of the Po212 in the gas mantle 

The common unit of radioactivity is the Curie, Ci, which corresponds to 3.7×1010 decays per second.  A 
more modern unit of activity is the Bequerel, Bq, corresponding to 1 decay per second, but this is not 
yet fully in common usage.  Report the Po212 activity and its uncertainty in units of Bequerel and Curies. 

Determine the number of the Th232 atoms in the gas mantle 

For the case for two radioactive materials a and b, where τa>>τb , a condition known as radioactive or 
secular equilibrium, it can be shown by differentiating equation 4.1 that the decay rate of the material 
with the short half-live will approach the decay rate of the material with the long half-life.  In other words, 
when the long-lived material a finally has a decay event, this event is immediately followed by another 
decay of the short-lived material b. 

This process certainly applies to the Th232 - Po212 chain, with the two materials differing in their half-lives 
in 13 orders of magnitude.  Therefore: 

Thorium

ThoriumThorium

Total

Polonium N
dt

dN
T

N
τ

_0_0 −==
Δ

  (4.13.) 

Use this information to calculate the number of Th232 in the gas mantle.  Once you have determined the 
number of Th232 decays, you should multiply your answer by a factor 10 for the 10 different decays in 
the chain in order to get the total activity of the thorium.  Also, keep in mind that only 2/3 of the decay 
chain includes Polonium. 

What is the mass of thorium in the gas mantle? 

What is the mass of the thorium in the gas mantle?  (Hint:  how does Avogadro’s number relate to 
mass?)  Check your result: the total mass of the gas mantle is about 1.3 grams.  Should your result be 
larger or smaller than the total weight of the mantel? 

Many rocks, sand and dirt contain typically 5 parts per million 232Th   by weight.  How much sand would 
have the same activity as the gas mantle? 

4.6.  Additional Information 

For additional information see: 
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K. Ruddick, “Determination of the half-life of 212Po”, American Journal Physics., Vol. 63, No. 7, July 
1995, p.658. 

Leo, W. Techniques for Nuclear and Particle Physics Experiments.  (Springer Verlag, Berlin 1987) 
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