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1 Uncertainty 5.12 i

± the most a reading may be out
Scale: ± half a division
Two readings (titre, by difference): double
% uncertainty = ± ÷ value × 100
Small value: large %

2 Combining uncertainties 5.12 i

A difference (ΔT): add the ±
then ÷ the difference, not a reading
Multiplied or divided: add the %
Total % for the result
The largest % dominates

3 Errors 5.12 i-ii

% error = difference ÷ accepted × 100
Error ≤ uncertainty: result agrees
Error > uncertainty: systematic
Random: scatter both ways
Never just "human error"

4 Minimising 5.13

Measure a larger quantity
Titre near 25 cm³; more solid; more gas
Finer apparatus: burette, 3 d.p. balance
Repeats: random errors only
Systematic: change the method

5 Hazard and risk 5.16 a-b

Hazard: could cause harm
Risk: how likely, how serious
Labels: corrosive, toxic, flammable
oxidising, irritant, harmful
Amount and concentration change risk

6 Precautions 5.16 c

Flammable: no naked flames, water bath
Toxic gas or vapour: fume cupboard
Corrosive: goggles and gloves
Smaller scale, more dilute
Never "be careful": say what to do

Common measurements typical school apparatus; use the value the question or the manufacturer gives

Measurement Per reading As used Example
Burette titre ±0.05 cm³ ±0.10 cm³ (two) 20.00 cm³: 0.50 %

Mass by difference (2 d.p.) ±0.005 g ±0.01 g (two) 2.00 g: 0.50 %

Mass by difference (3 d.p.) ±0.0005 g ±0.001 g (two) 0.500 g: 0.20 %

Temperature change (1 °C scale) ±0.5 °C ±1.0 °C (two) ΔT 8.0 °C: 13 %

Gas syringe ±0.5 cm³ ±0.5 cm³ (one) 50 cm³: 1.0 %

Combined result – add the % 0.50 + 0.50 + 1.0 = 2.0 %

Worked examples

Error or uncertainty?
Found 23.1, accepted 24.0
% error 3.8 %; uncertainty 1.2 %
systematic error

Make it smaller
Titre 10.20 cm³: 0.98 %
halve the burette concentration
20.40 cm³: 0.49 %

Hazard to precaution
Ethanol: highly flammable
warm it in a water bath
no naked flames

Every core practical is evaluated this way: uncertainty, error and a risk assessment.
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