Error Analysis 
Measured data is carefully collected.

The data can be organized as a bar chart or histogram 
The bar chart or histogram may approximate a Gaussian distribution (also known as a Normal distribution) 
The center of a perfect Gaussian distribution represents the mean (
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 )-the sum of the measured values divided by the number of measurements.  This particular center is also the mode-the most frequent measured value.  Obviously, perfect Gaussian distributions are not obtained for a small sample of data, so, in reality, the mean and mode are different.

The median value indicates that half the data is above this value and half is below it (see handout, page).

The standard deviation (s) is a measure of the width of the Gaussian distribution or distance from the center of the Gaussian distribution.  The standard deviation also indicates the precision of a measured quantity.
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For a finite set of measurements, 
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 and s are known as the sample mean and sample standard deviation, respectively.  
For an infinite set of data,  and  represent the population mean and population standard deviation, respectively.

Percentage of observations in a Gaussian distribution:

±    contains 68.3% of the observations

±  2  contains 95.5% of the observations         The standard of excellence is the 95.5% (95%) probability level.
±  3  contains 99.7% of the observations         
Ideally, one collects many measurements so as to minimize the sample standard deviation.  In CHE 150 you will typically make 2 or 3 measurements of the same quantity, and if possible, pool your results with the results from everyone else.  In this way we can maximize the sample size and minimize the standard deviation.

For your set of data you should always calculate an average (mean) and the sample standard deviation.

For example consider this set of data for measured density:  

2.54 g/mL, 2.44 g/mL, 2.55 g/mL, 2.48 g/mL, 2.50 g/mL, 2.32 g/mL
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  = 2.471666667 g/mL      and     s = 0.084478794 g/mL

How to report this?  The first figure of the standard deviation is the most uncertain figure in the mean.  The first figure of the standard deviation is 8 in the 100ths place.  So the most uncertain figure in the mean is also in the 100ths place.  This is reported as 2.47 ± 0.08 g/mL.  Another way to report this is 2.47(8) g/mL, in scientific notation this is 2.47(8) x 100 g/mL.
Next, report the percent relative uncertainty for precision, i.e. 0.08/2.47 x 100 = 3.2% (note, only 1 sig fig)
Next, report the percent relative error for accuracy.  If the true value for the density is known to be 2.457 g/mL, then

the relative error is |2.457-2.47|/2.457 x 100 = |-0.013|/2.457 x 100 = 0.529 % (note, 1 sig fig)
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n = number of data points


n - 1 = degrees of freedom





One can always calculate the nth data point from the mean and n - 1 data points
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