
Averaging Data
Random errors can be reduced by repeated measurements while systematic errors 
usually cannot.

•

The best estimate of the true value of a quantity to be measured is the average.•

We can also estimate sigma.•

The error on the mean decreases with the square root of the number of measurements.•



Example: Average R from 38 Students
R=6191 km.•

True R is 6370.•

σ=1090 km for each 
measurement.

•

Error on mean should be 
167 km (using 38 
independent measurements.

•

True deviation from 
expectation is 179 km.  (1.07 
σ off) (C.L.=28%)

•

There does not seem to be a 
common systematic error 
which is dominant.

•



Standard Normal (Gaussian) Distribution

Central Limit Theorem:  When we combine many measurements 
or sources of error, all probability distributions approach a 
Gaussian.

X and σ are parameters of the Standard Normal Distribution.
X is the true mean of the distribution. (true value)
σ is the RMS width of the distribution.  (measurement error)
x is the independent variable.  (measured value)
P is the probability (of measuring x).
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Probabilities in the Normal Distribution
Probability to lie within plus or 
minus t standard deviations of 
the mean is tabulated.

•

It may be called the Prob 
function on your calculator.

•

We will use this for rejection of 
data and calculation of 
confidence levels.

•



Example:  Confidence Level

Two students measure the Radius of the planet.  Student A gets 
R=9000 km and estimates an error of σ=600 km.
Student B get R=6000 km and estimates an error of 1000 km.
Whis the probability that the two measurements that the two 
measurements would disagree by more than this?

We are 2.56 standard deviations off.  We can look up how unlikely 
that is (Confidence Level) in the table.  98.95% of measurements 
should be closer than these.   C.L. = 1.05%.



The Principle of Maximum Likelihood

We can choose the best estimate of X by maximizing L.

At max,               which gives X=x.

We can also derive the addition of errors in quadrature 
but this is a more sophisticated derivation.

We derive the error on the mean simply by propagating errors.


