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Chapter 3: Counting Statistics

Error and Error Propagation
Two ways to express the error associated with a given measurement:

Probable error:

The symmetric range about the mean, within which there is 50% chance that a
measurement will fall.

The width of the range depends on the distribution of the variable. For example,
for Gaussian distributed error, the probable error is 0.675.

Fractional standard deviation:

The ratio of the standard deviation and the mean of the distribution of the
random variable.

For Poisson distributed random variable, the fractional standard deviation is
simply
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In some situations, the variable of interest (Q) is not measured directly, but derived
as a function of more than one independent random variable whose values are
directly measured. The error on the measured values is propagated into the
uncertainty on the resultant quantity Q.

Suppose a quantity Q(x,y) that depends on two independent random variables x
and y.

The sample mean and variance of variables x and y are derived as x and y, by
repeating measurements.

The standard deviation of the indirect quantity Q is approximately given by
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A Taylor series of a real function of a single variable, f(x), around a point x0 is given by

A Taylor series of a real function of two variables, f(x,y), is given by 
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So the mean of Q is 
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Assumptions ??
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Error Propagation Formula

The error propagation formula is exact only when

• the two variables, x and y, are independent to each other,

• and when Q(x,y) could be approximated as a linear function of both x
and y.
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The error propagation formula is exact only when

• the two variables, x and y, are independent to each other,

• and when Q(x,y) could be approximated as a linear function of both x
and y.

Note that the formula would break down when the second and third
and higher order partial derivatives are not negligible.
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Case 1: Sums or differences of counts – u is the sum or difference of two random
numbers representing counts measured in two independent experiments.

Example: estimating the net counts from a sample.
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Case 2: Multiplication or division by a constant

Example: estimating the count rate,

Assuming that the error in the measuring time is negligible, we get
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Case 3: Multiplication or division of counts

Using the equation

One gets
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Turner, pp. 324.

Assuming no error on t
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Turner, pp. 324.

Assuming no error on t
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Turner, pp. 324.
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Solution:
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Solution:
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The chance of the measured net count rate to fall 
within +‐5% of its true value is therefore 95%.

If we assume that the measured net count rate of 114 cpm is close enough to the true net count rate, 
then to ensure there is 95% chance that the measured net count rate would fall within +‐5% of its true 
value, we need

114 𝑐𝑝𝑚 ൈ 5% ൌ 1.96 ൈ 𝜎.

Remember that 

then

5.71 𝑐𝑝𝑚 ൌ 1.96 ⋅
𝑟
𝑡

𝑟
𝑡
ൌ 1.96

𝑟  114 𝑐𝑝𝑚
𝑡𝒈


𝑟
𝑡

 , 𝒔𝒐  𝑡 ൌ 17.5 ሺ𝑐𝑝𝑚ሻ

measured net count rate: 114 cpm
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Case 5: Combination of independent measurements with unequal errors

If N independent measurements of the same quantity have been carried out and
not all the measurements have the same precision, what is the best way to
estimate the best estimate of the mean value of the quantity to be measured?

The best estimate of the quantity, <x>, can be achieved by the weighted average

How to assign the weighting factors ai’s ?
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Knoll, p. 91.
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Error Propagation
Case 5: Combination of independent measurements with unequal errors
(continued)

The proper choice for the normalized weighting factors for xi is

And the error (variance) on the weighted average is
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Optimization of Counting Experiments

Case 6: Measuring the net count rate from a long‐lived radioisotope.

If the total measurement T=TS+B+TB is fixed, how to minimize the statistical error on
the measured net count rate?
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N1: measured counts during the 
source+background measurement. 

N2: measured counts during the background‐only 
measurement. 

S:   measured count‐rate during the 
source+background measurement.

B:   measured count‐rate during the background ‐
only measurement.


