
A study of the radioactive decay law

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1972 J. Phys. A: Gen. Phys. 5 1248

(http://iopscience.iop.org/0022-3689/5/8/018)

Download details:

IP Address: 171.66.16.73

The article was downloaded on 02/06/2010 at 04:39

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0022-3689/5/8
http://iopscience.iop.org/0022-3689
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


J. Phys. A : Gen. Phys.. Vol. 5. August 1972. Printed in Great Britain. Q 1972 

A study of the radioactive decay law 

D K  BUTT and AR WILSON 
Department of Physics, Birkbeck College, University of London WClE 7HX,  U K  

MS received 6 December 1971, in revised form 28 February 1972 

Abstract. The decay of radon has been followed in effect over approximately 40 halflives 
in an effort to detect any deviation from the exponential decay law. The results were 
fitted to a decay of the form N = N o  exp{ - i t ( l  +br) }  and b was calculated to he 
( 1 . 9 i  1.0) x d - ’  ; the halflife was determined to be 343235, i.0.0003, d. 

1. Introduction 

In several papers (Hellund 1953, Namiki and Mugebayashi 1953, Khalfin 1958, Winter 
1961 and Osborne 1966) theoretical attention has been drawn to nonexponential com- 
ponents of c1 decay. According to present theory, the nonexponential component does 
not become significant until after the passage of many halflives. However. Winter (1962) 
has suggested that the presence of hidden variables associated with the nucleus might be 
indicated by nonexponential decay. He reported measurements on the B decay of 
54Mn over 34 halflives. No nonexponential effect was detected, although the statistics 
at the end of the measurement were necessarily poor. Bohm (1971, private communica- 
tion) has also suggested that hidden variables might be manifest in nuclear decay although 
he felt that nuclear decay might be too complex a process for ideal study. 

2. Method 

This paper describes a measurement of the Y decay of radon extending effectively over 
40 halflives, from which a limit on any deviation from exponential decay has been calcu- 
lated. Radon was chosen for several important reasons. The presence of impurities in the 
radioactive source will, in general, set a limit to the length of time over which the decay 
can be measured and also the precision. Radon emanation, when condensed, is virtually 
free from all radioactive impurities except its own decay products. The lifetimes of 
radium A, B and C are short compared with radon so they follow the radon decay in 
transient equilibrium. In this experiment the y radiation of radium C was measured in 
preference to the radon CL rays themselves. Radium D is the first long-lived product 
with a halflife of 22 years; its radiations are soft. Radium E is virtually a pure p emitter 
and in the case of y ray counting only contributes via bremsstrahlung; radium F 
(polonium) is an x emitter. In the present high energy i/ ray measurements none of the 
radiations from these decay products was detected. 

The influence of variations in long term instrumental stability was minimized in the 
present experiment by comparing the decay of an ‘aged’ radon source with that of a 
‘fresh’ source of approximately the same activity. The ‘aged’ source was obtained bj 
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allowing one curie of radon to decay to approximately one microcurie ; this microcurie 
was then condensed and sealed into a small gold tube leaving the decay products of the 
curie behind on the walls of the original container. A source of one microcurie of ‘fresh’ 
radon was prepared in a second tube. The y activity of each source was measured daily 
for the first 55 days and then less frequently as the activities became very small and 
counting times of up to one day were required to achieve good statistics. The sources 
were counted in the well of a 3 in x 3 in sodium iodide crystal contained in a 1 in thick 
lead castle and the activity of the radon was measured as the counts in the energy range 
1.58 MeV to 2.45 MeV spanning the full energy peaks of the 1.76 MeV and 2.20 MeV 
y rays of radium C. As the two sources decayed so the background count became 
increasingly significant. The background was monitored every two or three days. 
Small variations in it of up to k0.3 cpm (in approximately 28 cpm) were detected and 
these were attributed to varying levels of radon decay products in the environment. 

3. Results and discussion 

Figure 1 shows the decay curves for the two sources on a logarithmic scale expressed in 
terms of the time from which the first measurements were made. At that time, the ‘aged’ 
source had already decayed over 75 days so that the 76 days over which the decay was 
followed represents the decay over the second 20 halflives of a 40 halflife period. The 
two straight lines are weighted least squares fits of an exponential to the data and 
correspond to halflives of 34232, & 0.0004, d and 34237, k 0.0004, d for the ‘aged’ 
and ‘fresh’ radon sources respectively. The mean value of the halflives of the two sources 
of 3.8235, k0.0003, d agrees with other determinations (Marin 1956, Tobailem 1955). 
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Figure 1. Decay curves for the ‘aged’ (A) and ‘fresh’ (B) radon sources. 
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In the tail of the decay the statistics are poor and the limit to which exponential decay 
can be verified depends upon the criterion adopted to signify a deviation. There is a 
suggestion of a deviation in the tails of the decay curves for both the ‘aged’ and the 
‘fresh’ sources. This characteristic, common to both decay curves, must be due to a 
small systematic error in counting, rather than to a significant deviation from exponential 
decay. Figure 2 shows the ratio : activity of ‘fresh’ source to activity of ‘aged’ source as 
a function of time ; the lower data cover the time up to 70 days and the upper data are for 
the first 50 days on an expanded ordinate scale. The straight lines correspond to the 
weighted mean ratio of activities of 1.2657, f0~0007, for the first 10 days. 
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Figure 2. Ratio: activity of ‘fresh’ source to activity of ‘aged’ source as  a function of time. 
The lower data are the ratios over 70 days; the upper data are the same ratios for the first 
50 days shown on an expanded ordinate scale. The straight lines at 1,2657, represent the 
mean of the ratios for the first 10 days. 

If one wishes to look empirically into the possibility of a slow variation of the decay 
constant with time, a decay of the form iV = N o  exp( -At(l +bt)},  where b is a constant, 
is convenient. This expression has been fitted to the data shown in figure 2 by a least 
squares method and an estimate made of the constant b. A value of 1.9 x d - ’  
was obtained with a standard deviation of 1.0 x lop6 d-’. 

I t  is difficult to see how the present method could be developed to cover a radically 
greater time. It might be possible to start with, say, 10 Ci of radon but even so, with the 
existing equipment, this would only extend the investigation by approximately 3 
halflives. A larger crystal would increase the detection efficiency and if this were coupled 
with more efficient shielding from background radiation it would be possible to extend 
the measurements over a few additional halflives. 
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