Uncertainties and Data Processing

Rule #1:  Averages

When taking the average of several measurements, the uncertainty of the instrument should be used as the uncertainty in your processed data.

Rule #2:  Addition or Subtraction

When adding or subtracting measurements, the uncertainty is the sum of the absolute uncertainties.  

Example:  To determine the difference in volume between an initial and final reading…

Initial reading: 15.05 ml + 0.05 ml

Final reading:  37.20 ml + 0.05 ml  

Difference = initial – final = 22.15 ml + 0.1 ml

Rule #3 Multiplication or Division
When multiplying or dividing measurements, the total percentage uncertainty is the sum of the individual percentage uncertainties.  The absolute uncertainty can then be calculated from the percentage uncertainty.

How to apply Rule #3:

To find the absolute uncertainty in a calculated value for ab or a/b:

1) Find the percentage uncertainty in a and b.

2) Add the percentage uncertainties of a and b to find the percentage uncertainty in the calculated value.
3) Convert this percentage uncertainty to an absolute value.  
Example:  to find the area of a rectangle:

Given:

Length = 40.0 + 0.5mm
Width = 20.0 + 0.5mm
Calculate:

Area = 40.0 mm X 20.0 mm = 800mm2 

% uncertainty of area =  % uncertainty of length + % uncertainty of width

% uncertainty of length = (0.5/40.0) X 100 = 1.25%

% uncertainty of width =  (0.5/20.0) X 100 = 2.5%

% uncertainty of area = 1.25% + 2.5% = 3.75% 

Absolute uncertainty =  3.75% X 800 mm2 = 30 mm2
Area = 800 mm2 + 30 mm2  (note: + 30 mm2 is the absolute uncertainty to write down for your processed data)
