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Uncertainties at AH



Practical ideas to introduce measuring

Find it on Talkphysics, and Mrsphysics

Calibrate a thermometer



Sequence of experiments for AH Physics

Designed to cover useful equipment and develop basic skills of 
measurement and uncertainties.  
Booklet compiled from HSDU exemplars, SSERC guide, own ideas.

1. Marbles and cups – rationale for uncertainties, finding means, 
line of best-fit

2. Density of microscope slide – combining uncertainties – Vernier 
calipers and micrometer

3. Density of ball bearing – combining uncertainties – a power
4. The travelling microscope – Vernier scale
5. The simple pendulum – graphs
6. Mystery density set – consolidation puzzle, graph analysis



Uncertainties

Good Science

Important at AH for your 
project and in SQA exam 
questions.

A big chunk of the SQA AH marks

Every measurement is liable to uncertainty.

So go looking to quantify it.

Types:

(SCALE) READING, RANDOM, CALIBRATION 
(and watch out for SYSTEMATIC)

And this should form the basis of your project 
evaluation.



Introducing Uncertainties

Which experiment has the best design?
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Explain your reasoning. 



Accuracy v Precision

Accuracy is how
close your answer
is to the true
value. Precision is
how repeatable a
measurement is.



NB: Difference between IoP and SQA views

Occasionally there is a little 
disagreement as to the correct 
Physics. For the sake of the students 
put this aside and explain what the 
SQA wants, eg Rounding up and 
down in uncertainties.



For each reading there should be, where appropriate:

Calibration
Scale reading

Random
These should be combined using Pythagorean relationship.

𝑇 = 𝑋2 + 𝑌2 + 𝑍2

𝑇

𝑇
=
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1

3
.



More detail about each uncertainty

(Scale) Reading: Analogue:  half least division,   Digital:  least division

Random:
𝑚𝑎𝑥−𝑚𝑖𝑛

𝑛𝑜.𝑜𝑓 𝑟𝑒𝑎𝑑𝑖𝑛𝑔𝑠
works for 5 -12 readings of the same measurement. 

Nuclear experiments: square root of mean count rate (statistical approach).

Calibration: Don’t ignore it if you can’t find it! Estimate it or use a table. 
Better still contact manufacturer etc. and don’t estimate it to be too high to 
use the law of thirds!

Systematic: often found as the graphical results don’t go through the origin.

This is usually worth 1 mark- although no fast rule.

No requirement of standard deviation at this level.
There should be a minimum of 5 pairs of readings repeated 5 times 
(good range selected).



Calibration Uncertainties

Manufacturer gives information

Metre stick (wood, plastic) =    0.5mm

Steel Rule =  0.1mm

Vernier callipers =  0.1mm

Micrometer =  0.002mm

Digital meter - 0.5% of reading plus I digit

e.g. for  a reading of 2.56 mA

0.5% of 2.56 = 0.0128 plus 1 digit (least 

significant in reading) gives 0.0228 =  0.02mA 
rounded.

https://www.mrsphysics.co.uk/advanced/wp-content/uploads/2016/08/AH-Physics-staff_guide_Uncertainties-

Norman-Fancey-Gemmell-Millar.pdf

https://www.mrsphysics.co.uk/advanced/wp-content/uploads/2016/08/AH-Physics-staff_guide_Uncertainties-Norman-Fancey-Gemmell-Millar.pdf


What is absolute about an uncertainty?

Absolute Uncertainty: is the uncertainty in the measured 
quantity and has the same units as the quantity itself. For 
example if you know a length is 0.428 m ± 0.002 m, the 
0.002 m is an absolute uncertainty. 

Fractional Uncertainty: is obtained by dividing the absolute 
error in the quantity by the quantity itself. The fractional 
uncertainty is usually more significant than the absolute 
uncertainty. For example a 1 mm uncertainty in the 
diameter of a ball bearing is probably more serious than a 1 
mm error in measuring the height of a pupil. Note that 
fractional uncertainties are dimensionless. 

% Uncertainty When reporting fractional uncertainties it is 
usual to multiply the fractional error by 100 and report it as 
a percentage.



Combining Uncertainties in one measurement

Let’s take the pendulum 
as an example

Teach students where to find symbols



Presentation of Results

Have a table with clear headings and units 
 For one variable you should show the value of the                    

C.U.     S.R.U.     A.R.U. (CU    SU  R) 
 Combine these appropriately - no need for fractional or 

percentage uncertainties at this stage.
 Again give one example of the calculations and state the others 

were carried out in the same way.
 Show how the uncertainties were combined to give the final 

absolute uncertainty.
 Round this to one S.F.



Some student data to work up uncertainties.
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m (1) (2) (3) (4) (5) (6) (7) (av) (s) (s) (s2) (s2) (ms-2) (s) (s) (s) (s) (s2 ) (m) (m) (m)

0.250 3.04 2.99 2.93 3.08 2.99 2.99 3.00 3.00 0.02 1.00 1.00 1.00 9.85 0.02 0.02 0.0250 0.039 0.013 0.026 0.026 0.001 0.0005 0.0011

0.500 3.26 4.36 4.96 4.34 4.46 4.38 4.59 4.34 0.24 1.45 2.09 2.09 9.45 0.24 0.02 0.0317 0.246 0.057 0.113 0.237 0.001 0.0005 0.0011

0.750 4.99 5.06 5.06 5.06 5.06 5.06 5.06 5.05 0.01 1.68 2.83 2.83 10.45 0.01 0.02 0.0353 0.042 0.008 0.017 0.047 0.001 0.0005 0.0011

1.000 6.24 6.22 6.08 6.06 6.18 6.10 6.14 6.15 0.03 2.05 4.20 4.20 9.41 0.03 0.02 0.0407 0.052 0.008 0.017 0.071 0.001 0.0005 0.0011

1.100 6.59 6.40 6.55 6.47 6.47 6.51 6.54 6.50 0.03 2.17 4.70 4.70 9.24 0.03 0.02 0.0425 0.054 0.008 0.017 0.078 0.001 0.0005 0.0011

1.200 6.39 6.68 6.56 6.44 6.86 6.45 6.46 6.55 0.07 2.18 4.76 4.76 9.94 0.07 0.02 0.0427 0.082 0.013 0.025 0.119 0.001 0.0005 0.0011

1.300 6.32 6.38 6.40 6.64 6.59 6.63 6.39 6.48 0.05 2.16 4.66 4.66 11.00 0.05 0.02 0.0424 0.065 0.010 0.020 0.094 0.001 0.0005 0.0011

1.500 7.45 7.62 7.32 7.31 7.55 7.52 7.27 7.43 0.05 2.48 6.14 6.14 9.64 0.05 0.02 0.0472 0.072 0.010 0.019 0.118 0.001 0.0005 0.0011

1.750 7.93 7.93 8.11 7.63 7.63 7.68 7.69 7.80 0.07 2.60 6.76 6.76 10.22 0.07 0.02 0.0490 0.087 0.011 0.022 0.150 0.001 0.0005 0.0011

2.000 9.01 8.59 8.55 8.41 8.41 8.60 8.82 8.63 0.09 2.88 8.27 8.27 9.55 0.09 0.02 0.0531 0.103 0.012 0.024 0.197 0.001 0.0005 0.0011

Find the excel spreadsheet on mrsphysics or on talkphysics



The wrong way to calculate g- but an OK table!
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0.250 3.04 2.99 2.93 3.08 2.99 2.99 3.00 3.00 1.00 1.00 9.85

0.500 3.26 4.36 4.96 4.34 4.46 4.38 4.59 4.34 1.45 2.09 9.45

0.750 4.99 5.06 5.06 5.06 5.06 5.06 5.06 5.05 1.68 2.83 10.45

1.000 6.24 6.22 6.08 6.06 6.18 6.10 6.14 6.15 2.05 4.20 9.41

1.100 6.59 6.40 6.55 6.47 6.47 6.51 6.54 6.50 2.17 4.70 9.24

av 9.88

If possible put all the results, including uncertainties in one table 

Taking mean value or random uncertainty of g in these values is invalid.
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m (1) (2) (3) (4) (5) (6) (7) (av) (s) (s) (s2) (s2) (ms-2) (s) (s) (s) (s) (s2 ) (m) (m) (m)

0.250 3.04 2.99 2.93 3.08 2.99 2.99 3.00 3.00 0.02 1.00 1.00 1.00 9.85 0.02 0.02 0.0250 0.039 0.013 0.026 0.026 0.001 0.0005 0.0011

0.500 3.26 4.36 4.96 4.34 4.46 4.38 4.59 4.34 0.24 1.45 2.09 2.09 9.45 0.24 0.02 0.0317 0.246 0.057 0.113 0.237 0.001 0.0005 0.0011

Length - increase the scale reading uncertainty to allow for centre of bob or measure 5 times etc.

𝒎𝒆𝒂𝒏 =
σ𝒙

𝒏
𝑹 =

𝑅𝑚𝑎𝑥 − 𝑅𝑚𝑖𝑛

𝑛

Calibration
0.5% + 1 digit

Combining in T

𝑚𝑒𝑎𝑛

=
𝟑. 𝟐𝟔 + 𝟒. 𝟑𝟔 + 𝟒. 𝟗𝟔 + 𝟒. 𝟑𝟒 + 𝟒. 𝟒𝟔 + 𝟒. 𝟑𝟖 + 𝟒. 𝟓𝟗

𝟕

𝑹 =
𝟒. 𝟗𝟔 − 𝟑. 𝟐𝟔

𝟕

0.5

100
4.34 + 0. 01

=0.0317

𝑇 = 𝟎. 𝟐𝟒𝟐 + 𝟎. 𝟎𝟐𝟐 + 𝟎. 𝟎𝟑𝟏𝟕𝟐

𝑇 =0.24 Showing for rule of 3
0.24 is 3x greater overall 𝑇
Simplify on the rule of 3

Uncertainty in T2

As T is raised to the power 2 then the 

uncertainty in T2 is 2
𝑇
𝑇

𝑇 =0.246 
𝑇

𝑇
=
0.246

4.34
= 0.0567

uncertainty in T2 is 

2
𝑇
𝑇

=20.0567=0.113

Or 11.3%

Absolute uncertainty in T2

2
𝑇
𝑇

× 𝑇2 = 0.1132.09 =

0.236 or 11.3% of value of T2

Scale Reading Uncertainty= increasing to 0.02 s for reaction time. 
Scale reading uncertainty in length maybe doubled as you can’t identify exactly the centre of mass.
Now uncertainty in T2and l can be used for error bars in the graph.

Fo
r 

er
ro

r 
b

ar
s



The right way!
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(m) (1) (2) (3) (4) (5) (6) (7) (av) (s) (s2) (s) (s) (s) (s) (s2 ) (m) (m) (m)

0.250 3.04 2.99 2.93 3.08 2.99 2.99 3.00 3.00 1.00 1.00 0.02 0.02 0.0250 0.037 0.077 0.0005 0.0005 0.0007

0.500 3.26 4.36 4.96 4.34 4.46 4.38 4.59 4.34 1.45 2.09 0.24 0.02 0.0317 0.246 0.491 0.0005 0.0005 0.0007

Length - increase the scale reading uncertainty to allow for centre of bob or measure 5 times etc.
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𝒎𝒆𝒂𝒏 =
σ𝒙

𝒏
𝑹 =

𝑅𝑚𝑎𝑥 − 𝑅𝑚𝑖𝑛

𝑛

Calibration
0.5% + 1 digit

Combining in T

𝑚𝑒𝑎𝑛 =
𝟑. 𝟐𝟔 + 𝟒. 𝟑𝟔 + 𝟒. 𝟗𝟔 + 𝟒. 𝟑𝟒 + 𝟒. 𝟒𝟔 + 𝟒. 𝟑𝟖 + 𝟒. 𝟓𝟗

𝟕 𝑹 =
𝟒. 𝟗𝟔 − 𝟑. 𝟐𝟔

𝟕

0.5

100
4.34 + 0. 01

=0.0317

𝑇 = 𝟎. 𝟐𝟒𝟐 + 𝟎. 𝟎𝟐𝟐 + 𝟎. 𝟎𝟑𝟏𝟕𝟐

𝑇 =0.24 Showing for rule of 3
0.24 is 3x greater overall 𝑇
Simplify on the rule of 3

Uncertainty in T2

As T is raised to the power 2 then the 
uncertainty in T2 is 2xT

𝑇 =0.24 
𝑇2 = 2 × 0.24
= 0.491 𝑠2

Scale Reading Uncertainty= increasing to 0.02 s for reaction 
time. Scale reading uncertainty in length maybe double 
Now uncertainty in T2and l can be used for error bars



Measuring the length – no need to take into account the scale 

reading uncertainty at both ends - zero is being aligned with 

starting point.

Length of pendulum – repeat or increase your scale reading 

uncertainty to increase confidence in estimating centre of bob.

Accept %age uncertainty in sin or tan = %age uncertainty in 

angle.

19

Scale Reading Uncertainty



CTRL + “¬” brings up the formulae
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(av) (s) (s) (s2)
(s2)

(s)
(s) (s) (s)

(s2 ) (m) (m)

=AVERAGE
(B3:H3)

=(MAX($B3:$H3)-
MIN($B3:$H3))/COUNTA($B3:$H3) =I3/3 =K3*K3

=K3^2 =(MAX(B3:H3)-
MIN(B3:H3))/COUNTA(B3:H3)

0.01
=0.5/100*I3+0.
01

=SQRT(O3^2+P3^2
+Q3^2)

=2*R3 0.0005 0.0005 =SQRT(T3^2+U3^2)

=AVERAGE
(B4:H4)

=(MAX(B4:H4)-
MIN(B4:H4))/COUNTA(B4:H4) =I4/3 =K4*K4

=K4^2 =(MAX(B4:H4)-
MIN(B4:H4))/COUNTA(B4:H4)

0.01
=0.5/100*I4+0.
01

=SQRT(O4^2+P4^2
+Q4^2)

=2*R4 0.0005 0.0005 =SQRT(T4^2+U4^2)

Don’t give the students the spreadsheet, but explain to them how they can devise one and how to put in the formula
Be aware that sometimes EXCEL doesn’t give the same answer as you’d calculate as excel doesn’t round up it just displays rounded
numbers!



Linest- the easiest way to find the overall uncertainty

Formula for linest- an array Wow all this for the students to discuss

4.0057989 -0.00452

0.16890437 0.210471

0.985976385 0.27471

562.4663057 8

42.44680528 0.603724

=LINEST(M3:M12,A3:A12,1,1)

=O17/O16*100

4.2

The magic number!

Linest cuts down on hours of parallelogram 
plots but you’ll need to go through with the 
students what this does. It saves the students 
hours in working out combinations!

Overall uncertainty best obtained from the 
graph, (ie Linest)



2010  SQA AH Paper

v



2015 SQA Revised AH

Shortcut of ignoring 

uncertainty less 

than 
1

3
of the largest . 



Explaining Uncertainties in Exam questions

Reduces the uncertainty in the value of x or d obtained.
OR
Reduces the impact/significance of any uncertainty on the 
value obtained for x or d .

By measuring multiple fringe separations rather than just 
one, the student states that they have more confidence in 
the value of diameter of the wire which was obtained.

Suggest one reason why the student’s statement is correct.



2011 SQA AH Q7



2011 SQA AH answer



2011 continued



2001 SQA AH Q 1



2006 SQA AH Q1
(i) (A) Calculate the average period 

of revolution of the aircraft.
(B) Assuming that the scale 
reading and the calibration 
uncerts are negligible calculate 
the absolute uncertainty in the 
period.

(i) Show that the centripetal force 
acting on the aircraft is 15.8 N.

(iii) Calculate the absolute 
uncertainty in this value for the 
centripetal force. Express your 
answer in the form
F = (15.8  ) N



2006 SQA AH Q1 answer



2006 SQA AH Q1 answer



2017 SQA AH

(ii)Determine the absolute uncertainty in this wavelength.



2016 SQA AH

The student estimates the  

uncertainties in the 

measurements

of B and r.

(i) Calculate the 

percentage uncertainty 

in the measurement of r.

(ii) (ii) Calculate the 

percentage uncertainty 

in the measurement of 

B.



2007 SQA AH



Appendix 1. Using LINEST- if you have problems

Note: If you have a current version of Microsoft 365, then you 
can simply enter the formula in the top-left-cell of the output 
range, then press ENTER to confirm the formula as a dynamic 
array formula. Otherwise, the formula must be entered as a 
legacy array formula by first selecting the output range, 
entering the formula in the top-left-cell of the output range, 
and then pressing CTRL+SHIFT+ENTER to confirm it. Excel 
inserts curly brackets at the beginning and end of the formula 
for you. For more information on array formulas, 
see Guidelines and examples of array formulas.

https://products.office.com/en-us/buy/compare-microsoft-office-products
https://support.microsoft.com/en-us/office/guidelines-and-examples-of-array-formulas-7d94a64e-3ff3-4686-9372-ecfd5caa57c7


Highlight numerical columns you want plotted.

Go to charts - select scatterplot - from chart styles select smallest points 

possible.

From menu - select chart layout.

Input major and minor gridlines.

Label axes - remember  units.

Chart title - insert title

From menu - go to trendline

select linear trendline

Go to trendline options select “display equation on chart”.

Ensure the graph is expanded to at least half a page.

36

Use of Spreadsheet (Excel)



Error Bars - x and y. Set for each individual point.

Format Data Series - allows change in style and size of plotted point.

Linest - uncertainty in gradient . This can be taken as the overall 

uncertainty 
𝑚
𝑚

𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 𝑖𝑛 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 =

𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 𝑖𝑛 𝑡ℎ𝑒 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡.

Expand graph to at least half a page.

Use of Spreadsheet (Excel)



Calculation of l using a diffraction grating.
Values calculated for n = 1, 2 & 3.
Incorrect to find mean value plus       max – min / 3.

Must calculate the uncertainty in l for each value of n.
Comment on best value obtained.

(Accuracy / precision)

Accuracy - comparison of calculated value to accepted value.

Precision - indication of uncertainty in value.
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Incorrect Use of Random Uncertainty



For each length used, calculate the random uncertainty and compare this 
with the scale reading / calibration uncertainty.

Combine using Pythagorean relationship

(3 times smaller can be ignored)

Plot a graph of T2 against L. 

Use Excel to calculate the gradient of the line of best fit.

Error bars – good indicator - use in discussion.
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Correct Use of Random Uncertainty
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Uncertainty in Powers

 R  =  V/I  – Use Pythagorean rule 

 % R 2 =      % V 2 + % I 2

(probability of some cancellation)

 This rule does not apply for powers.

 % uncertainty in t2 =  2  x  % uncertainty in t

(no cancellation of uncertainties in this case).


