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Introduction
The Exam Success series will help you to reach your highest potential and achieve the best possible grade. 
Unlike traditional revision guides, these new books give advice on improving answers, helping to show you 
what examiners expect of candidates. All the titles are written by authors who have a great deal of experience 
in preparing candidates for exam success.

Exam Success in Cambridge International AS and A Level Physics covers the requirements of the AS Level and 
A Level Cambridge 9702 Physics syllabus. The first 26 units cover the syllabus content, while Unit 27 provides 
advice on experimental skills for paper 3 and help with planning, analysing and evaluating experiments for 
paper 5. Unit 28 consists of questions in the styles of the five exam papers, with exam tips to support your 
work. In addition, there is a separate Maths skills Appendix at the back of the book, providing further help and 
guidance with essential mathematical skills.

At the start of each unit, cross-references are given to Physics in Context for Cambridge International AS & A 
Level, should you wish to study the topic in more depth. Throughout the book, a grey vertical bar shows AS 
content, and an orange bar shows A Level content; key terms are also highlighted.

Each Exam Success book has common features to help you do your best in the exam:

★ Exam tip

These provide guidance 
and advice to help you 
understand exactly what 
examiners are looking for.

Key points

 These summarise what you need to show that you can do in the  
exam. Check them off one by one when you are confident.

Link

These show where in the 
book you can find more 
information about the topic. 

Worked example 
These give examples of questions, and show you how best to answer them. 

Remember

These include key information that you must remember if you are to 
achieve a high grade. Maths skills

These remind you of the 
vital mathematical skills 
that you need in order to 
answer exam questions in 
physics.

 Raise your grade
 Here, you can read answers by candidates who did not achieve 

maximum marks, as well as find out how to improve their answers.

?  Exam-style questions
Each unit has examples of the sort of questions to expect in the 
exam. Answers are available on the OUP support website, together 
with additional exam-style questions and answers on many topics.

Access your support website for additional content here: 
www.oxfordsecondary.com/9780198409946
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Physical quantities
Physical quantities, such as kinetic energy, electric current, and temperature, 
are expressed by a number (the ‘magnitude’) and a unit.

Making estimates
Being able to estimate a quantity is an important skill that can be improved 
with practice. Start with quantities you know, or can estimate reasonably 
accurately, and combine them to estimate a value for an unknown quantity.

1
Physical quantities 
and units 

AS  Pages vi – x;  
1.1 pages 2–5

 A 21.2 pages 318–320 

A
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Key points

 Understand that physical quantities have a magnitude and a unit, and make reasonable estimates 
of some of them .

 Recall the SI base quantities and their units: mass (kg), length (m), time (s), current (A), and 
temperature (K).

 Express derived units as products or quotients of the SI base units, and use the correct units.

 Use SI base units to check the homogeneity of physical equations.

 Use prefixes and their symbols to indicate submultiples or multiples of both base and derived 
units: pico (p), nano (n), micro (μ), milli (m), centi (c), deci (d), kilo (k), mega (M), giga (G),  
and tera (T).

 Understand the conventions for labelling graph axes and table columns*.

 Distinguish between scalar and vector quantities, and give examples of each.

 Add or subtract vectors, and represent a vector as two perpendicular components.

 Recall the meaning of a mole (mol) as a specific amount of a substance.

 Understand that the Avogadro constant NA is the number of atoms in 0.012 kg of carbon-12.

 Use molar quantities, where one mole of a substance contains Avogadro’s number of particles of 
that substance.

Worked example
 The solar constant (the average amount of energy reaching the Earth  
per square metre each second) is 1.4 kW m−2 (see Figure 1.1). The  
radius of the Earth ≈ 6.4 × 103 km. Estimate the energy received per  
day on Earth from the Sun.

Answer

 energy per day = ‘area’ of Earth × solar constant × time

  = (6.4 10 ) (1.4 10 ) (24 60 60)6 2 3π × × × × × × ×  = 1022 J

▲ Figure 1.1 Solar constant

Solar constant
= 1.4kWm–2

*covered in Appendix: Maths skills 
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Table 1.1 gives the value of some physical quantities that are useful to know 
in order to estimate other quantities.

▼ Table 1.1 Useful quantities

Quantity Value Quantity Value

Diameter of a nucleus 10–14 m Atmospheric pressure 1.0 × 105 Pa

Diameter of an atom 10–10 m One day 8.64 × 104 s

Wavelength of visible light 400–700 nm One year 3.1 × 107 s

Radius of the Earth 6.4 × 106 m Speed of a car 20–30 m s–1

Mass of an electron 9.1 × 10–31 kg Speed of sound in air 330 m s–1

Mass of a proton 1.7 × 10–27 kg Speed of light in a vacuum 3 × 108 m s–1

Mass of a postage stamp 5 × 10–5 kg Energy of an alpha particle 5 MeV

Mass of an apple 0.1 kg Freezing point of water 0 °C

Mass of an adult 70 kg Boiling point of water 100 °C

Density of air 1.3 kg m–3 Specific heat capacity of water 4200 J kg–1 °C–1

Density of water 103 kg m–3 Charge on an electron e 1.6 × 10–19 C

Gravitational field strength, g 9.81 N kg–1 (9.81 m s–2) Charge transferred by a lightning flash 1 C

SI units
The SI system of units (Système International d’Unités) is an internationally 
agreed system of units, built on seven base units (see Table 1.2). 

▼ Table 1.2 SI base units

Unit Symbol Base unit 

metre m length

kilogram kg mass

second s time

ampere A electric current

kelvin K temperature

mole* mol amount of a substance

candela** cd light intensity

*A Level only  ** not part of the A Level course.

Expressing derived units in terms of base units
The familiar units for quantities such as force (newtons, N), and energy 
(joules, J) can be ‘broken down’ into their base units by using an equation 
which links these quantities to quantities whose units are known.

The units of other 
quantities are derived from 
these seven base units.

Worked example
Determine the base units of force. 

Answer

The base units of force can be found using F = ma.

 units of force (N) = units of mass (kg) × units of acceleration (m s−2)

The SI base units of force are kg m s−2.
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1Physical quantities and units

Table 1.3 lists the derived units that you will encounter at A and AS Level.

▼ Table 1.3 Derived units

Quantity Symbol Unit SI base units

force F newton (N) kg m s–2

pressure p pascal (Pa) kg m–1 s–2

energy E joule (J) kg m2 s–3

power P watt (W) kg m2 s–1

frequency f hertz (Hz) s–1

charge Q coulomb (C) A s

potential difference (p.d.) V volt (V) kg m2 s–3 A–1 

electrical resistance R ohm (Ω) kg m2 s–3 A–2

capacitance C farad (F) A2 kg–1 m–2 s4 

magnetic flux density* B tesla (T) kg s–2 A–1

magnetic flux* Φ weber (Wb) kg m2 s–2 A–1

*A Level only

Some quantities have no units (e.g., the refractive index of glass). These 
quantities are called dimensionless quantities.

Using SI base units to check equations
For any equation to be correct, a necessary condition is that the equation 
must be homogeneous; the units of the left-hand side of the equation must 
match those on the right-hand side.

Exam tip★

Checking the homogeneity 
of an equation does not 
prove it is correct – it 
only shows whether an 
equation could be correct.

Worked example
A student is studying how the period of oscillation of a simple pendulum 
depends on its length l. She cannot recall whether the theoretical 
equation for the period T of the pendulum is: 

T
g
l

2π=      or     T
l
g

2π=

Which equation is correct?

Answer

The units of the first equation are: [ms ]

m
s

2
1
2

1
2

1=
−

−

The units of the second equation are: [m]

[ms ]
s

1
2

2
1
2

=
−

and so only the second equation can be correct. (This method does not prove 
the equation – it cannot show whether the 2π in the equation is correct).

Using prefixes
Physics is often concerned with very small numbers, such as the diameters of 
atomic nuclei, and very large numbers, such as the masses of stars and planets. 
These can be expressed in standard form (a number between 1.0 and 10.0 
multiplied by a multiple of 10); for example, the radius of the Earth is 6.37 × 106 m . 
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Another way of expressing such numbers is to use prefixes (see Table 1.4). 

▼ Table 1.4 Prefixes

Prefix Symbol Multiple Example

pico p 10–12 pF (picofarad)
nano n 10–9 nC (nanocoulomb)
micro μ 10–6 μA (microamp)
milli m 10–3 mV (millivolt)
centi c 10–2 cm (centimetre)
deci d 10–1 dB (decibel)
kilo k 103 kg (kilogram)
mega M 106 MΩ (megohm)
giga G 109 GJ (gigajoule)
tera T 1012 TW (terawatt)

Tables and graphs
Measurements from an experiment should always be recorded in a neat table. You 
should make sure the table has enough columns to include any repeated readings, 
averages, and calculated values that you use later to analyse your results.

Each column heading should have the quantity being recorded, and the 
unit it is measured in, separated by a solidus (/); for example m /g or T /s. 
Alternatively, the units can be in brackets.

Scalar and vector quantities
Scalar quantity: A scalar quantity only has magnitude (size); for example 
mass, speed, distance, and temperature.

Vector quantity: A vector quantity is one which has both magnitude and a 
direction; for example, displacement, velocity, force, and momentum.

Adding and subtracting vectors
A vector such as velocity can be represented by an arrow, the length of the 
arrow indicating the magnitude of the quantity (the speed) and the direction 
of the arrow indicating the direction of travel. Vectors are usually indicated by 
bold type (a), or with an arrow (a).

Two vectors a and b (see Figure 1.2) are added by placing one of the vectors 
so that it begins at the end of the other vector. The sum of the two vectors is a 
straight line drawn from the beginning of the first vector to the end of the second.

The same procedure can be used to subtract one vector from another. 

To find a – b, first draw the vector –b by drawing the vector b, but pointing in 
the opposite direction to b, and then add this to a (see Figure 1.3).

A prefix represents a 
multiple of 10 (e.g., kilo 
means 103).

▲ Figure 1.2 Adding vectors

a

ba + bb

a

▲ Figure 1.3 Subtracting vectors

a – b
–b

b

a a
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1Physical quantities and units

Representing a vector as two perpendicular components 
(resolving vectors) 
It is often useful to separate a vector, such as a force or velocity, into two 
components at right angles to each other.

In Figure 1.4 the horizontal component of the force F is F cosθ; the vertical 
component is F sinθ. The resultant vector (the sum of the two components) 
is F.

Avogadro’s constant and moles
Avogadro’s constant (NA) is defined as the number of atoms in exactly 12 g  

of the carbon isotope 12
6C. 

NA = 6.023 × 1023

The mole (mol) is the unit for measuring the amount of a substance. One 
mole of a substance consisting of identical particles is defined as the quantity 
of the substance containing NA particles.

The molar mass of a substance is defined as the mass of the substance that 
contains NA particles (1 mole of the substance). The units of molar mass are 
kg mol−1.

θ

θF sin

θF cos

F

▲ Figure 1.4 Components of a vector

The component adjacent 
to the angle θ is always 
the cosine component.

Link

Avogadro’s constant is 
important when studying 
the behaviour of gases. 
See Unit 10 Ideal gases.

Worked example
1 How many molecules of nitrogen are there in 1.0 kg of nitrogen gas? 

Answer

The molar mass of nitrogen is 14.0 × 10−3 kg mol−1.

Number of atoms = 
1.0

14.0 10
6.02 10 4.3 103

23 25

×
× × = ×−  atoms

2  The molar mass of aluminium is 27 g. The density of aluminium is 
2.7 × 103 kg m−3. Calculate the molar volume of aluminium.

Answer

Molar volume of aluminium = =
×

×
= ×

−
−molar mass

density
27 10
2.7 10

1.0 10 m
3

3
5 3

3  The density of copper is 8900 kg m−3 and its molar mass is 
63.5 g mol−1. Calculate the number of free electrons per m3 if each 
atom contributes one conduction electron.

Answer

Number of electrons/m3 = 
8900

63.5 10
6.02 103

23

×
× ×−

 

 = 8.4 × 1028 electrons/m3.

A
 L

ev
el
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θ

12km

Ship

Patrol vessel

5kmh–1

13kmh–1

 Raise your grade
 1  The energy released by the fission of one uranium nucleus is 3.2 × 10−11 J. 

  State this energy in pJ.

2 The orbital period of Jupiter is 0.37 Gs. Express this time in years.

  0.3 7 Gs = 0.3 7 × 109 s = 3.7 × 108
  ✔

3 The speed v of sound waves in air is given by the equation:

γ
ρ

=v
p

 where p is the pressure of the air, ρ is the density of the air, and γ is a dimensionless constant.

 Show that this equation is homogeneous. 

  units of v = m s–1      units of γ
= = = =

ρ

−

−

− −

−
− −p Nm

kgm
kgms m

kgm
m s ms( )

2

3

1
2 2 2

3

1
2

2 2
1
2 1

✔

  Same units, so equation is homogeneous.

4 A ship is travelling due east at a speed of 5 km h–1. A patrol vessel is 12 km due south of  
the ship, moving with a speed of 13 km h–1, and wishes to intercept the ship.

     (a) At what angle θ should the patrol vessel sail in order to intercept the ship?

     sin θ = 
5
13

 ; θ = sin-1 5
13

 = 22.6°  ✔

(b) How much time elapses before the patrol vessel reaches the ship?

  velocity in direction of ship = 13 cos 22.6 = 12 km h–1  ✔

  time taken to travel 12 km = 1212  = 1 hour  ✔

✔

[2]Working shown clearly.

θ =  22.6°

3.2 × 10–11 J = 32 × 10–12 J;
p = pico = 10–12

energy =   32  pJ  ✔ [1]

Correct prefix of ‘G’ = giga = 109

time = 3.7 × 108 years  ✘ [2]

 The answer needs to be converted from seconds to years. The correct 
answer is 11.9 years [No. of seconds in a year = 3.1 × 107].

Correct answer with 
working shown clearly.

Correct method.

Correct calculation.

time =  1.0 hour [3]

θ

5 km h–1

13 km h–1

( ( ( (

( (
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1Physical quantities and units

?  Exam-style questions
1 The friction force F on a sphere of radius r falling 

with velocity v through a liquid is given by the 
equation:

F = 6πrηv

 where η is the viscosity of the liquid.

 What are the SI base units of viscosity?

 A  kg m s   B  kg m–1 s   C  kg m s–1   D  kg m–1 s–1 [1]

2 The stress needed to fracture a material with a 
crack is given by the equation:

σ
γ= k

E
d

 where E is the Young modulus, d the width of the 
crack, and k is a dimensionless constant. For the 
equation to be homogeneous, what are the units 
of γ?

 A  N   B  J   C  N m–2   D  J m–2 [1]

3 What is the best estimate of the kinetic energy of 
an Olympic 100 m runner, running at top speed?

 A  0.4 kJ  B  4 kJ  C  40 kJ  D  400 kJ [1]

4 Which one of the following physical quantities is 
a vector?

 A  work B  mass C  momentum D  power [1]

5 Two vectors, a and b are as shown below.

 Which vector represents a – b? 

  [1]

6 One light-year is the distance travelled by light in 
one year. The diameter of the Milky Way galaxy is 
approximately 100 000 light-years.

What is the best estimate of this distance in 
metres?

[The speed of light is 3 × 108 m s–1.]

A  1015 m  B  1017 m  C  1019 m  D  1021 m [1]

7 (a) Express the following in standard form:

  (i) 470 kΩ    (ii) 1000 μF    (iii)  0.05 nm [3]

(b)  Express the following using an appropriate  
prefix:

  (i) 6.4 × 106 m

  (ii) 0.0075 A

  (iii) 3.0 × 108 m s–1                                  [3]

8 (a)  Describe the difference between a scalar 
quantity and a vector quantity. [1]

(b)  In the following list, underline all the vector 
quantities.

      weight  acceleration  stress  power  work  [2]

9 The diagram shows a car travelling up a hill at 
constant speed.

 (a) State:

  (i)  the horizontal component of the friction 
force F 

  (ii)  the vertical component of the engine  
force T 

  (iii)  the component of the weight force W 
acting down the slope. [3]

 (b)  By resolving forces along the slope, write 
down an equation relating F, T, and W.  [1]

10 (a) State what is meant by a mole. [1]

 (b)  The density of copper is 8930 kg m–3. The 
molar mass of copper is 63.5 g mol–1.  
Calculate the molar volume of copper. [2]

 (c)  The diameter of a copper atom is 2.55 × 
10–10 m. Assuming each copper atom occupies 
a cube of side 2.55 × 10–10 m, calculate:

  (i) the volume of one cube

  (ii)  the number of cubes in one mole of 
copper. [3]

 (d)  Suggest a reason why your answer to  
(c)(ii) is different from the Avogadro  
constant. [1]

F

R1

R2

T

W

θ

A B C D
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