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IB Physics — Topic 0
Uncertainties

Study notes - K ] E 1

1. Measurement, Precision and Uncertainty

Precision of an instrument {328} &

Instrument type Precision
Analogue scale (ruler, thermometer) + % of the smallest division
Digital readout (balance, caliper) + 1 in the last digit displayed

The analogue rule is a usual guide, not a law — judge each situation and make a reasonable estimate.

Example
0.1cm

A ruler with 0.1 cm divisions - precision = + = +0.05cm.
Reading 3.45cm - L=3.45+0.05cm
A digital caliper reading to 0.01 mm - precision = £ 0.01 mm.
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Expressing a measurement JIl &5 KF R

Measured value = quantity * uncertainty
For a measurement L =15.2+ 0.1 cm:

Type of uncertainty Definition Value

Absolute Uncertainty | £ uncertainty | 0.1cm

Y AN

Fractional Uncertainty uncertainty / quantity 0.1/15.2 =0.0066
AR AN

Percentage Uncertainty 100 x fractional 0.66 %

AR

Rules for quoting a result:
e Quote the absolute uncertainty to 1 significant figure.
e Then round the quantity to the same decimal place as its uncertainty.
e Fractional uncertainty has no units; percentage uncertainty carries a % sign.
e.g. 15.237 £ 0.1263 mis written 15.2+0.1m
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2. Propagating Uncertainties A 5E E H4& 1%

These three rules cover every calculation in the course. Note which uncertainty each rule uses — absolute or
percentage.

Operation Rule Uses
Add or subtract (C =A+B) Ac= Aa + Ab ABSOLUTE uncertainties
Multiply or divide (D = A x/+B) | 4d _ da 4 4b PERCENT / fractional
d a b
Raise to a power C = B" ﬁ — o x |ATb PERCENT x the power
c
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Rule 1 — addition and subtraction
IfA=a+Aa and B=b + Ab, then At B =(ab)+ (Aa + Ab)

Example 1 — combining two masses
A=mi;+my, m=120+5g, m,=150+5g
Quantity: A =m;+m; =120+150=270g
Absolute Uncertainty: 5+5=10g
Total mass =(120+ 150) + (5+5)=270+10¢g

Example 2 — subtracting two lengths
(55+0.5mm)-(35+0.5mm) =(55-35)+(0.5+0.5)=20+ 1 mm
BISE 2 A 93k, ANl 2 A2 AR N — — X 2 B I BT

Rule 2 — multiplication and division (D = A X/+ B)
£ 20 o £

7 " Y (% uncertainty of product /division = sum of % uncertainties)

Example 3 — area of a rectangle
A= L X L2, L; = 10 £ 2cm, L, =12 £+ 2cm

2 2
L1=10120m=100miﬁ, L2=12i20m=12cmiﬁ
Quantity: A=10x 12 =120 cm?

Fractional Uncertainty in D: %a = 12—0

+==0367 =36.7%
Absolute Uncertainty: AA =120 x 36.7% = 44 cm?
A =120 %44 cm?, which rounded properly is 1.2 x 102+ 4 x 10" cm? (120 + 40 cm?)

By the rule "quote the absolute uncertainty to 1 significant figure", the final answer should be written as 120 + 40
cm?. F AT AN E BE AR B 1 A0 R R, B 24 SN 5 B 120 + 40 cm?,
Example 4 — density of a cylinder
p= % m=2.00kg +2.5%, V=0.00100 m3+5 %
Quantity: p=m/V=2.00/0.00100 = 2.00 x 10% kg m~3
% uncertaintyinp=25%+5% =7.5% =0.075
Ap =2.00 x 10°x 0.075 =0.15 x 10 kg m3
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p =(2.00 £0.15) x 10% kg m~3, which rounded properly is p = (2.00 + 0.2) x 10° kg m~3

By the rule "quote the absolute uncertainty to 1 significant figure", the final answer should be written as
(2.00 +0.2) x 10° kg m3.
Rule 3 — powers

If c=b" then Ac/c=n- |Ab/b|

Example 5 — elastic potential energy

U=%kx? withk=500+10Nm™ and x=0.25+0.02m

10 0.02
= + - e p— = 0.25 + 0. =0. + -
k 500 + 1I0Nm 500N m + =00 and x 0.25 + 0.02m 025m_0.25

Quantity: U =% (500)(0.25)> = 0.5 x 500 x 0.0625 = 15.625 J
Fractional uncertainty : fw_fk g ot 104502 _ 918 =18%
u k x 500 0.25

Absolute uncertainty: AU = 15.625x0.18 =2.8 )
U=15.6+2.8J, orrounded properly 163

% is an exact number — pure constants carry no uncertainty.

JBEIZHE When an expression mixes operations, convert every uncertainty to a percentage first, combine them with the
multiply/divide and power rules, then convert back to an absolute uncertainty at the end. J& &g 526 4 #f #epl 15 20 b, 5
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