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1 Skills for physics
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Physical quantities1.1 1.2

Scalars and vectors1.4

SI units

2.1 Measurements

2.2 Errors and uncertainties

Units of measurement

Measurement uncertainty

? s? cm

? kg
? cm3

? N ? A mass

kg

s
time

m   length

K   temperature

mol   
amount of substance

A   current

10 –9  nano
10 –12 pico

10 –3  milli
10 – 6  micro

103   kilo
106   mega

109   giga
1012  tera

vectorscalar

time
volume
speed

acceleration
velocity

force

13:03

mass
energy

displacement
momentum

skg

AV

precise imprecise

accurate inaccurate

±0.01 g

±0.05˚C

systematic

random
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Equations of motion3.1

Non-uniform motion4.2

2 Motion
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4.3 Linear momentum and its conservation

17.1 Concept of an electric field

4.1 Momentum and Newton’s 
laws of motion

5.1

17.2

Types of force

Uniform electric fields

M
ot

io
n 

an
d 

ac
ce

le
ra

tio
n

Momentum

time (s)

ve
lo

ci
ty

 (m
/s

)

AREA = DISPLACEMENT

GRADIENT = 
ACCELERATION

time (s)

di
sp

la
ce

m
en

t (
m

)

GRADIENT = SPEED

v = u + at

s = (u + v)t/2

s = ut + 1⁄2at2

v2 = u2 + 2as

equations of motion

g = 9.81 m s-2

projectile motion

stationary uniform motion

F = ma
resultant force

acceleration

v
m

p = mv

1st law 2nd law 3rd law

F = ma

MASS: 75kg

WEIGHT: 735N

MASS: 75kg

WEIGHT: 122N

W = mg

time (s)

ve
lo

ci
ty

 (m
/s

)

terminal velocity

terminal velocity

uniform gravitational field uniform electric field

F = mg F = Eq

g m

F

E q

F

+ q

F–

+

–

+

–

+

+

+
+

+
–
––

REPEL

REPEL

ATTRACT

+ + + + + + +

– – – – – – –

E = 
∆V
∆d

F = 
QV
d

1 2 1 2 21

Momentum conserved: m1v1 + m2v2 = m1v’1 + m2v’2

elastic collision inelastic collision

1 2
1 2

1 2
1 2

Gravity

Electric fields

Velocity
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KC

3 Forces, work and materials
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Types of force5.1 5.2

5.3

Energy conversion and conservation6.1

5.4

6.2

Potential energy and kinetic energy6.3 6.4

Density and pressure

Work and efficiency

Power

9.1

K
in

et
ic

 a
nd

 p
ot

en
tia

l e
ne

rg
y

9.2

Turning effects of forces

Equilibrium of forces

Stress and strain Elastic and plastic behaviour

upthrust friction and air resistance

moment

force × distance

newtons metres

1m 1m

10N 5N

vector
 triangle

d

moment = force × distance

h

d

w

ρ = 
m
V

1g/cm3
WATER

∆p = ρg∆h  

h

kinetic

chemical

gravitational

nuclear

elastic

internal

TRANSFERS

heating

mechanical

electricity

waves

gas

W = p∆V

N

d

W = fd

Efficiency = useful work done
total energy input

power = change in energy ÷ time

P = ∆E/t

Ek = ½mv2

∆Ep = mg∆h

½mv2 = mg∆h

v2 = u2 + 2as F = ma

∆h

∆
E p

power = force × velocity

F = kx strain

st
re

ss

gradient =
Young modulus

strain

st
re

ss

el
as

ti
c

plastic
fracture 

point

W = ½kx2

elastic
potential

kinetic

Force

Springs

B
al

an
ce

d 
fo

rc
es

W
or

k 
an

d 
po

w
er
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KC

343 m/s

20 Hz to
20000 Hz

4 Waves
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Progressive waves14.1 14.2 Transverse and longitudinal waves

Determination of frequency and 
wavelength of sound waves14.3

Electromagnetic spectrum14.5

14.4

15.1

Interference, two-source interference15.3 15.2

Diffraction gratings15.4

Doppler effect

Stationary waves

Diffraction

wavelength

amplitude

v = fλ

intensity ∝ (amplitude)2
f = 

1
T

f = 
1
T

radio

microwave

infra-red

visible

ultraviolet

X-ray

gamma

direction of travel

low frequency high frequency

λ = 
ax
D

interference

coherence

d sin θ = nλ

Types of wave

Sound

W
av

el
en

gt
hs

Diffraction

Microwaves

Frequency

W
av

el
en

gt
h
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5 Electrical circuits
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Practical circuits20.1 19.1

Resistance and resistivity19.3

Electric current

20.2 Kirchhoff’s laws

Circuits

19.2 Potential difference and power

20.3 Potential dividers

cell lamp resistor

thermistor LDR variable resistor

voltmeter ammeter galvanometer

V A

LED bell

A

electrons

current

– – – – –

Q = It I = Anvq
1 coulomb

6.25 × 1018 e–

resistor

V

V = IRA

V V V

I I I

I–V
characteristics

4.5 V

1 volt = 1 joule/coulomb

V

VV V

9 V BATTERY

4.5 V

9 V

9 V
P = VI
P = I2R

V = W
Q

I1 + I2 + I3 = 0

first law

I1 I2

I3

V2

V V

VIN

V1

VIN = V1 + V2

second law VIN = V1 + V2

IReq = IR1 + IR2

Req = R1 + R2

Req = IR1 + IR2

I
V

VIN

VOUTR2

R1

R2

R1 + R2
VOUT = VIN

V1

V2

R1

R2
=

Ammeter
R

es
is

ta
nc

e

Po
te

nt
ia

l d
iff

er
en

ce
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6 Particle physics
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Atoms, nuclei and radiation26.1

Fundamental particles26.2

Su
bs

at
om

ic
 p

ar
tic

le
s

Le
pt

on
s

α
β
γ

XA
Z WA–4

Z–2 + α4
2

XA
Z YA

Z+1 + β0
–1

nuclear equations

α
alpha beta gamma

β γ
ionisation

penetration

α +

+

+ β+

β–

+ e–

+ e+

proton neutron

u u

d

d d

u

u

d

c

s

t

b
quarks

leptons

e– νe
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7 Further mechanics
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Kinematics of uniform circular motion7.1 7.2

13.1

Damped and forced oscillations, resonance13.3

13.2

14.6

Gravitational field8.1 8.2

Energy in simple harmonic motion

Production and use of ultrasound in diagnosis

Gravitational force between point masses

8.3 8.4

Centripetal acceleration and 
centripetal force

Simple harmonic oscillations

Gravitational field of a point mass Gravitational potential

180˚ = π rad

90˚ = π/2 rad

v = rω
v

v

F

F

a = rω2

F = mrω2
a = v2

r F = mv2

r

x

v

a t

t

t EK = ½mω2(x0
2 – x2)

en
er

gy

KE

PE

EP = ½mω2x2

ETOTAL = ½mω2x0
2

IR      (Z2 – Z1)2

I       (Z2 + Z1)2
=

EARTH

g = 9.81 N kg–1

THE MOON

g = 1.7 N kg–1

F Fm1 m2
r

Newton’s law 
of gravitation F = 

Gm1m2

r 2

24hrs

g

r

g = GM
r 2

po
te

nt
ia

l

distance

Φ = – GM
r

KC KC
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KC

KC

KC

KC

KC KC

KC

Circular motion

Si
m

pl
e 

ha
rm

on
ic
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ot

io
n

G
ra

vi
ta

tio
na

l fi
el

ds

Sound waves

Sa
te

lli
te

 o
rb

its

O
sc

ill
at

in
g 

sy
st

em
s

A
ng

ul
ar

 s
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8 Thermodynamics
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Thermal equilibrium11.1 11.2

11.3

Internal energy and the first 
law of thermodynamics12.2

12.1

1.2

The Avogadro constant1.3 10.1

Specific heat capacity and 
specific latent heat

SI units

Equation of state

10.2 10.3

Temperature scales

Practical thermometer

Kinetic theory of gases Kinetic energy of a molecule

100 ˚C 0 ˚C

50 ˚C 50 ˚C –273.15˚C

0˚C

25˚C

100˚C

0 K

273.15 K

298.15 K

373.15 K

Celsius Kelvin

50 ˚C

te
m

pe
ra

tu
re

melting

boiling E = mc∆T

energy ( J)

mass (kg)

specific thermal capacity ( J/kg˚C)

change in temperature (˚C)

E

m

c

∆T

temperature 
and internal 

energy

∆U = q + w

internal energyU

energy transferred to the 
system by heatingq

w work done on the 
system

6.022 × 1023

H2O
18.0g

O2
32.0g

He
4.00g

1 Mole

6.022 × 1023

1 Mole
Amount of substance

C6
1212 g

pV = nRT
p = pressure

V = volume

n = amount of substance

R = ideal gas constant

T = temperature

Brownian motion

kinetic energy

nu
m

be
r o

f p
ar

ti
cl

es

pV = nRT = nNAkT = NkT

k = 
R
NA

KC KC

KC KC

KC KC

KC KC

KC KC

Heat transfer

Th
er

m
om

et
er

s
M

ol
es

G
as

es

En
er

gy

En
er

gy
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Sensing devices19.4

9 Electricity and electronics
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Electric forces between point charges17.3 Electric field of a point charge17.4 Electric potential17.5

The ideal operational amplifier21.1Energy stored in a capacitor18.2Capacitors and capacitance18.1

Output devices21.3Operational amplifier circuits21.2

Modulation16.2Communication channels16.1Potential dividers20.3

Attenuation16.5Digital communication16.3 Relative merits of channels 
of communication16.4

+ – F = 
Q1Q2

4πε0r
2 + E = 

Q

4πε0r
2

E

1/r

+
+ + + + +

– – – – –
+

V = 
Q

4πε0r
2

capacitor C = 
Q
V

V

Q

W = ½QV W = ½CV 2

V1

V2

VOUT

VREF

VIN

VOUT

+V

–V

gain = 
VOUT

VIN

= – 
Rf

RIN

comparator
circuit LED

V

V

VIN

VOUTR2

R1

sensing unit

processing unit

output device

50 ˚C

AM

FM

digital

analogue
UP DOWN

decibels = 10log 
P1
P2(         ) attenuation

per unit length

P1
P2(         )=

1

L
10log 

KC KC KC

KC KC KC

KC KC KC

KC KC KC

KC KC KC

Electric fields

Capacitance

Outputs and sensors

Communication
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po
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l d
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en
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time

Transmission of electrical energy24.3

Characteristics of alternating currents24.1Laws of electromagnetic induction23.1

22.4 Magnetic fields due to currents

Force on a moving charge22.3

22.2 Force on a current-carrying conductor

Rectification24.4

The transformer24.2

Nuclear magnetic resonance imaging22.5

Measurements2.1

Concept of a magnetic field22.1

10 Electromagnetism
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NS N

fo
rc

e magnetic field

current
FORCE

S

–

fo
rc

e magnetic field

current

F = BIL sin θ

F = BQv sin θ

N S

solenoid

current

magnetic
field

NS V

N S

step-up transformer step-down transformer

B = 
Φ
A

Φ = BANcosθ

Ns

Np

Vs

Vp

Ip

Is

= =

VpIp = VsIs

N

S recorder

detector

frequency 
generator

B0

B1

po
te

nt
ia

l d
iff

er
en

ce

time

I = 
I0

√2

x = x0sinωt

~

pd

time

KC KC

KC

KC KC

KC KC

KC KC

KC

M
ag

ne
tic

 fi
el

ds

AC and DCAC and DC

Fleming’s left hand rule
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11 Quantum physics
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Energy of a photon25.1 25.2

Wave-particle duality25.3

Photoelectric emission of electrons

25.5 Band theory

Wave-particle duality

25.4 Energy levels in atoms and line spectra

25.6 Production and use of X-rays

Photons

E

B

λ
E = 

hc

λ

E = hf

–
–

–
–

–
–

– – –

E

empty empty
empty

filled filled
filled

overlap small gap large gap

conductor semiconductor insulator

electron gun

carbon disc

diffraction rings

electron diffraction tube

λ = 
h
p

E = 
hc
λ I = I0e–μx

KC

KC

KCKC

Energy levels

Em
is

si
on
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12 Nuclear physics
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Mass defect and nuclear binding energy26.3

Radioactive decay26.4

R
ad

io
ac

tiv
e 

de
ca

y

nuclear equations

N14
7 + He4

2 O17
8 + H1

1

–

–

+ + + binding 
energy

–

+2 +

+ +
+ +He

2p, 2n

ac
tiv

ity

time

t1/2 t1/2 t1/2

half life

10 g

5g

λ = 
0.693

t½

α
β
γ

A = λN

KC
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