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1.2 Relationship of mean and standard deviation

The standard deviation is a measure of the random statistical uncertainty in a set of measurements,

and it becomes part of the experimental error associated with physical measurement. If you have

measured an average to be 695 with σ = 26, and another experimenter has measured a count of

680, then their count agrees with your count, within the experimental error. Nothing is made of

the difference between the values 695 and 680 because, in all probability, the two results are the

same since they differ by less than σ.

This is not the only sort of uncertainty we are interested in, however. If we make repeated

measurements of a quantity, we would expect that the more measurements we take the more

accurate our mean becomes. This makes some sense - we would expect that our average after 100

measurements should be much more accurate than our average after only 10. What we are really

asking is how close is the mean value we have measured to the true mean, determining which would

require an infinite number of measurements. This quantity, σx is known as the standard deviation
of the mean, because it is telling us how far our measured mean could be from the true value.

This quantity tells you that if you measure x repeatedly, the sample mean x has an uncertainty σx

compared to the true mean µ, given by:

σx =
σ√
n

(4)

where again n is the number of measurements. Thus, the more measurements you perform, the

smaller the uncertainty in the mean value of your measurements. The uncertainty is reduced as

1/
√

n, which will never reach zero, but it can be reduced to an arbitrarily small value simply by

taking more measurements. Of course, this only works if you have arbitrary amounts of time –

while your accuracy increases as 1/
√

n, the amount of time your measurement takes grows more

quickly (as n), so you are fighting a losing battle!

Put another way, if you are primarily interested in the average value of x, then σx tells you the

uncertainty in that average with respect to repeated measurementsiii. The standard deviation of

the mean is the typical manner of reporting average quantities with statistical uncertainty:

(best value of x) = x± σx (68% confidence if normally distributed) (5)

Whether one reports ±σx, ±3σx, or even ±5σx as the margin of uncertainty varies from

discipline to discipline. In the present experiment, we will use ±σx.

iiiFor data following a normal distribution (bell curve), the standard deviation σ tells you that 68% of subsequent
measurements will fall within ±σ of the mean x, whereas the standard deviation of the mean σx tells you that a
collection of measurements has a 68% chance of yielding a mean of x.


