
 
  



 

 

Uncertainty propagation is one of the most daunting things that students face when 

undertaking IAs. In general (IB), all ways of propagating uncertainties are correct, so long as 

they are justified. This is one very straightforward way of propagating uncertainties. 

 

 

The Fundamentals 
 

What you've got to remember is to convert absolute uncertainties to percentage uncertainties 

and add them together to get the total percentage uncertainties. 

 

The absolute uncertainty, or approximation error, is the precision that the instrument 
can measure up to. For example, if an electronic balance can measure up to 4 decimal 
places, the absolute uncertainty is ±0.0001g.  
Exceptions: There are some instruments such as volumetric flasks that have the 
uncertainty printed on the instrument. There are also some instruments that may let 
you read half-scale. For example, a thermometer has graduations of 1.0°C, but it is 
acceptable to measure up to the nearest ±0.5°C (or even ±0.2°C). Although this is not 
specifically mentioned on the thermometer itself, it is a common practice amongst the 
scientific community. 
 
The percentage uncertainty can be calculated using the formula: 
Percentage uncertainty (%) = (absolute uncertainty / measurement) x 100% 
 
The total percentage uncertainty is the sum of all percentage uncertainties. 
 
 
Here’s a quick example on calculating the density of an object. 
 
For example: 
Density = mass/volume 
Mass = 35.0±0.5kg 
Volume = 5.0±1.0m3 
Total percentage uncertainty = (0.5/35.0)100 + (1.0/5.0)100 = 21.42857143% ≈ 21% 
[usually, the IB standard rounding percentage is to 2sf.  Unless your school wants 
otherwise] 
Density = 35.0/5.0 = 7.0kgm-3 
Total absolute uncertainty = 0.21(7.0) = 1.47kgm-3 ≈ 1.5kgm-3 [justification for 2sf: min 
uncertainty on both apparatuses is 2sf] 
Hence, density = 7.0kgm-3 ± 1.5kgm-3 
 

All uncertainties are added, regardless if they are +, – , x, or ÷ . 

 

 

When your propagation requires a graph 
 



First of all, you would want to calculate/use all the uncertainties of the variables you are 
going to graph. It does not matter if the uncertainty is a percentage uncertainty or an 
absolute uncertainty. Plot the points, stick in the error bars, and graph the line of best 
fit, min, and max.  
 
The maximum line should be the maximum slope that can fit between the error bars 
(excludes anomalies).  
The minimum line should be the minimum slope that can fit between the error bars.  
The best-fit line should be automatically fitted using the software (excel/logger 
pro/mathematica).  
 
Take the maximum uncertainty of the slopes as the uncertainty that you are going to 
use, and justify this by saying that it takes all uncertainties into account. 
 
For example: 
Max slope = 4.00 
Line of best fit slope = 3.98 
Min slope = 3.97 
Max uncertainty of slope = ± 0.02 
So the slope is 3.98±0.02 [remember to put units!] [Justification: it takes all 
uncertainties into account] 
 
 

The uncertainty propagation will include more variables, but the general process for 
uncertainties without the graph is: absolute uncertainty, percentage uncertainty, 
repeat, total percentage uncertainty, total absolute uncertainty, final answer. AND 
Remember to justify every step! 
 
The general process for uncertainties with the graph is the same: absolute 
uncertainty, percentage uncertainty, repeat, total percentage 
uncertainty/absolute uncertainty for each of the graphing variables, plot points, 
put error bars, graph max min best, take max uncertainty, final calculations. 
 
 
The bottom line is: Regardless of how you propagate uncertainties, you will need to 
have a coherent propagation by stating justifications of why values are rounded and 
why uncertainties are propagated that way, just like a commentary. 


