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Experimental Uncertainty 

1. Instrumental Uncertainty 

When we collect data there are two kinds of uncertainty.  First, instrumental uncertainty is due 

to the fact that the scales of the instruments have divisions. We cannot measure anything more 

precisely than half of the smallest division.   

To express your prediction as a range and not as a single number: x = x1  the value of the 

uncertainty, you need to think of how you know what the uncertainty is. Every instrument has 

the uncertainty due to the size of its smallest division. For the ruler it might be 0.5 mm. If you 

are using more than one instrument – for example a watch and a ruler, then the instrument that 

brings in the biggest uncertainty will determine your final instrumental uncertainty. For example 

– the watch has an uncertainty of 0.5 seconds and a ruler has an uncertainty of 0.5 mm. How can 

you compare mm to seconds?  

To answer this question we will use the weak link rule. This is how it works. We estimate the 

relative uncertainty that each instrument gives us – this is the half of the smallest division 

divided by the smallest measurement you make with this instrument and compare to the relative 

uncertainty due to the second instrument. The instrument with the largest relative uncertainty 

will determine the instrumental uncertainty of your experiment.  

For example you measure 3 m length with the ruler that has 1 mm divisions, thus your relative 

uncertainty for the ruler is 0.5 mm/3 m = (0.5 x 10
-3

m)/ (3m) = 0.2 x 10
-3

  (or 0.02% of the 

measurement); you also measure 10 seconds with your watch, the uncertainty is 0.5 s / 10 s = 

0.05 (or 5 % of the measurement). This is much larger than the 0.2 x 10
-3

 relative uncertainty by 

the ruler. Thus if you use both instruments, you need to report your results (or predictions) within 

the interval of 0.05 times (5%) the measured value: for example: instead of 3 meters, we will 

need to write 3 m  (0.05 x 3 m) = 3 m  0.15 m. 
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2. Random Uncertainty 

The second kind of experimental uncertainty is random uncertainty, which is due to the fact 

that sometimes it is difficult to collect data consistently. For example, when you measure how 

much time it takes for one of your cars to move 2.0 m and obtain a particular value for the time 

interval, there is little guarantee that next time you repeat the same experiment you will get 

exactly the same value. It is due to the fact that you cannot release the car the same way in both 

experiments, or that the car encounters a bump on the floor, or some other reason.  

To find the random uncertainty, you need to measure the same value several times (at least three) 

– let’s say you measured . Next you find the average of three numbers . 

Then you find how far in terms of the magnitude each measurement is from the average: 

 and finally choose the largest of the three.  This is 

the largest uncertainty in the value you are trying to determine. Now you can say that the value 

of your measurement is  where largest random uncertainty of your measurement 

is . Sometimes it is more useful to express the uncertainty not as an absolute number but 

as a percent uncertainty ( 
∆𝑛𝑙𝑎𝑟𝑔𝑒𝑠𝑡

�̅�
∗ 100%). 

For example imagine you are measuring how far a car travels in 5 seconds and you measure the 

distance to be 11 cm, 11.6 cm, and 10.8 cm. 

�̅� =
11+ 11.6+ 10.8

3
= 11.1, ∆𝑛1 = |11.1− 11| = 0.1, ∆𝑛2 = |11.1− 11.6| = 0.5, ∆𝑛3

= |11.1− 10.8| = 0.3 

Then your measure will be 11.1 ±0.5 and your percent uncertainty is 

0.5

11.1
= 0.045, 4.5% 

You can use the weak link rule to evaluate any uncertainties in your result: first you evaluate 

random uncertainty as the percent of the result, then the instrumental – whichever is larger will 

give you the estimate of the uncertainty your result has. 

 


