Supplementary Notes on Data Analysis for the Radioactivity Lab

John M. Butler

September 7, 1999
These notes are meant to provide some background for the statistical analyses you will perform in the first lab.  The results are presented without proof, rest assured that all the details will be covered in lecture.  If you can’t wait that long, consult any of the introductory texts listed in the syllabus.

Step 3. – “Statistics of Counting”

Suppose we make N measurements of some quantity like (to pick a random example) the number of counts from a Geiger counter in 30 seconds.  Denote each individual measurement (i.e. the number of counts) as xi and the true, but unknown, value as .  Using the method of maximum likelihood, we will show that
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This is exact in the limit where the number of measurements is very large, more than you will make in lab.  For finite N, the mean value  can be estimated by the sample mean 
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 defined as
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Nuclear radiation is a random process and therefore the counting rate follows Poisson statistics.  In the limit where the mean  is “large” (i.e. greater that around 10) then the distribution of measurements becomes essentially Gaussian with a mean 
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and standard deviation 
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.  For a Gaussian distribution, 68% of the measurements will be within 
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of the mean, 95% will be within 
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The statistical uncertainty or “error” associated with the measurement of the mean  is given by
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where we have used the fact that 
[image: image9.wmf]m

s

=

 for a Poisson distribution.  This is the well-known result that the statistical error on a measurement improves only as “one over root N” as more data is taken.  For example, to improve the statistical error on a given result by a factor of 10, you would need to take 100 times more data.

Analysis and Questions 2. – Extra Credit (5 points)

The procedure in your write-up gives a rough prescription for finding the half-life and its associated uncertainty.  If you have time you can perform a fit to the data using the method of least-squares to extract these values more precisely.

If the true functional form is linear then the least-squares fit is a simple calculation.  Assume the functional form is given by
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where the
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are the independent variables and the 
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 are the dependent variables.  We want to use our N measurements to find a and b as well as the uncertainties 
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 and therefore ignore the 
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 for the ith measurement as 
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(i.e. there are error bars only in the y direction).  The derivation will be given in lecture but for now the solutions are simply given below


[image: image19.wmf]å

å

å

å

å

å

å

å

å

å

å

÷

÷

ø

ö

ç

ç

è

æ

-

º

D

ú

û

ù

ê

ë

é

-

D

=

ú

û

ù

ê

ë

é

-

D

=

2

2

2

2

2

2

2

2

2

2

2

2

2

2

1

1

1

1

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

x

x

y

x

y

x

b

y

x

x

y

x

a

s

s

s

s

s

s

s

s

s

s

s


with the variances (= square of the standard deviations) given by
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Of course we know that the radioactive decay law is not linear.  To proceed we use the standard trick of reducing a new problem to one we have already solved.  Assume we can find a function f such that 
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In the case of radioactive decay
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where x = time, y = #counts/time, a = N(0), and 
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.  Taking the log of both sides results in a linear form
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such that
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and
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Now the 
[image: image28.wmf]i

y

¢

, 
[image: image29.wmf]i

x

, and 
[image: image30.wmf]i

s

¢

 can be used to calculate 
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 employing the original least-squares prescription given above.  Using error propagation, the statistical errors are 


[image: image33.wmf]b

b

a

a

a

s

s

s

s

=

¢

=

¢


The final step is to use error propagation again to convert b and 
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 to half-life and its statistical uncertainty
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