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PHYSICS 2.3 Externally assessed 
4 credits

Demonstrate understanding of waves

Unit 1: Wave properties

Energy transfer
Wave motion, in general, is a process in which kinetic energy is transferred from one point to another without 
any transfer of matter between the points.

Waves
Some waves, such as mechanical waves (e.g. sound waves), require a material medium in which to travel.

Electromagnetic waves (e.g. light) are produced when electrons are made to accelerate or when electrons 
change energy levels in an atom. Electromagnetic waves are able to travel through a vacuum, i.e. they do not 
need a medium.

There are two types of wave – longitudinal and transverse.
Waves on a slinky

A

B

motion of pulse motion of pulse

motion of particles
motion of particles

Longitudinal – the vibration is parallel 
to the direction of motion of the wave, 
e.g. sound waves. The diagram shows 
a longitudinal pulse along a stretched 
slinky spring.

Transverse – the vibration is 
perpendicular to the direction of motion 
of the wave, e.g. electromagnetic waves 
such as light. A transverse pulse is shown 
moving along a stretched slinky spring.

The amplitude, A, of a wave is the maximum distance a particle is displaced from its rest position.

The wavelength, , is the distance between two successive corresponding positions in a wave.

The wave velocity, v, is the velocity of the wave shape.

The number of waves passing any point each second is the frequency (symbol f) of the waves. The frequency 
is measured in hertz (symbol Hz).

1 Hz = 1 wave per second
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The period, T, is the time (in seconds) taken for one wave to pass any point.

A, amplitude

crest

trough

v, wave velocity

undisturbed position of medium

The relationship between the frequency, f, of a wave and its period, T, is:

T = 
1
f

or  f = 
1
T

The wave velocity, frequency and wavelength are related by the wave equation:

v = f 

where v is measured in m s–1, f in Hz and  in m. This equation can be easily derived from the 

traditional definition of v = 
d
t

Questions Unit 1: Wave properties
1. A sound wave travelling through air has a frequency of 1 350 Hz and speed of 339 m s!1. It is transmitted 

into water, where its wavelength becomes 1.10 m.
a. Calculate the wavelength in air.

b. Calculate the time it would take the sound to travel a distance of 1 400 m through air.

c.  Would you expect the speed of sound in water to be greater than or less than the speed of sound in air? 
Explain.

d. Calculate the speed of the sound in water.

2. A wave is generated in deep water by a source which vibrates with a period, T, of 0.45 s. The wavelength of 
the wave is 1.6 m. The wave travels into shallow water, where its wavelength becomes 1.4 m.
a. Calculate the frequency of the wave in deep water.

b. What is the frequency of the wave in shallow water?
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c. Calculate the speed of the wave in deep water.

d. Calculate the distance the wave would travel in deep water in 2.8 s.

e. Calculate the speed of the wave in shallow water.

3. A ship’s siren sounds a note of frequency 525 Hz and an echo from a cliff is heard 6.54 s later. The speed of 
sound in air is 3.39 " 102 m s!1.

a. Calculate the wavelength of the sound wave.

b. Calculate the distance the sound travels from the ship to the cliff and back again.

c. How far is the ship from the cliff?
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Unit 2: Reflection and transmission of pulses
A pulse is a wave of short duration. When a pulse travels along a medium and encounters a different 
medium, reflection and transmission can take place. In a heavy string, the pulse travels slowly. In a light string, 
the pulse travels quickly.

Heavy to light strings heavy string
light string

reflected pulse transmitted pulse

boundary

before

after

Light to heavy strings 

reflected pulse
transmitted pulse

light

heavy

boundary

before

after

Questions Unit 2: Reflection/transmission
1. On the diagram, show the reflected and transmitted waves after the incident wave reaches point P.

light heavy

P

2. Three strings of different thicknesses are tied together. Complete the diagram and show what happens as the 
pulse reaches points A and B.

light

medium

heavy

A B

Unit 3: Water waves

motor to create
wobbles

rubber
band

wave pattern on
white screen

eyestraight
wave
dipper

light
to battery 

A ripple tank
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Experiments done in a ripple tank show that water waves behave like 
light waves.

Waves are reflected off barriers, obeying the same laws of 
reflection as light.
Waves are refracted, travelling with different speeds depending 
on the depth of the water and obeying Snell’s law.
Straight wave fronts can be made to converge to a focus or to 
diverge from a focus using appropriately shaped sections of 
shallow water.
Waves diffract when they pass around barriers or through gaps.

Reflected waves
Water waves reflect off barriers in the same way that light does.

Plane waves hitting flat and circular barriers are reflected as shown:

Refraction
deep water

shallow water

boundary

Refraction of plane waves at a plane (straight) boundary between
deep and shallow water

normal
crests

incident angle

refracted angle

1

direction of
incident plane waves
(speed v1)

1

2
2

1

2

direction of
refracted waves
(speed v2)

For various angles 1 and 2: 
sin 1

sin 2

= constant (= 1n2, the relative refractive index)

Waves travel slower in shallow water than in deep water, and, since the frequency of the wave does not 
change when it refracts, it can be shown that:

1n2 = 
sin 1

sin 2

 = 
v1

v2

 = 1

2

Converging and diverging waves
Shallow regions can be used to focus plane water waves and to diverge plane water waves.

Water waves can also exhibit other wave behaviours, such as total internal reflection.
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PHYSICS 2.5 Internally assessed 
3 credits

Demonstrate understanding of atomic and nuclear physics

Unit 1: Atomic models
John Dalton (1766–1844), an English chemist, proposed that all matter was made up of atoms (from the Greek 
atomos, meaning ‘indivisible’). Atoms were the smallest particles of matter and could not be broken down into 
smaller units. In chemical reactions, atoms simply rearranged themselves.

Joseph Thomson (1856–1940), a British physicist, discovered and experimented with cathode rays. It was 
discovered that these rays consisted of negatively charged particles which were later called electrons by 
Thomson. Thomson proposed that an atom is a ball of positive charge with electrons dotted evenly through it 
like currants in a plum pudding. Overall, the atom is electrically neutral. Thomson’s model is often referred to 
as the plum-pudding model.

- 
- - 

- 
positive charge

- 
electrons

Thomson’s model

Ernest Rutherford (1871–1937), a New Zealand physicist, attempted to prove Thomson’s model of the atom 
was correct and designed an experiment in which he fired tiny, dense, alpha particles at a thin gold foil, 
known to be only a few hundred atoms thick.

Rutherford’s gold foil experiment
As predicted by Thomson’s model, most alpha particles passed straight through the foil but, significantly, 
about 1 in every 10 000 were deflected at a large angle. Some were even knocked backwards from the foil.
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These observations suggested that the alpha particles were being deflected by a heavy mass concentrated 
at the centre of the atom, whereas Thomson’s model suggested a uniform distribution of mass throughout 
the atom. Rutherford called this mass at the centre of the atom the nucleus. Rutherford’s measurements 
confirmed that the diameter of the atom’s nucleus is much smaller than the diameter of the whole atom and 
99.95% of the mass of the whole atom is located in the nucleus. It was only those few alpha particles which 
came close to the nucleus that were deflected. Further experiments showed that the nucleus itself contains 
positively charged particles called protons.

Rutherford proposed a model for the atom which showed that the atom is mainly empty space with a tiny, 
dense, positive nucleus at the centre. Electrons must be very light since most of the mass is in the nucleus and 
they must orbit the nucleus in some way.

gold foil

vacuum

rotatable microscope

zinc sulfide screen

alpha 
particles

radium 
in box

deflected alpha 
particles produce 
flashes of light on 

a screen

+

+

+

+

+ -particle+

+

+

gold atom 
in the foil nucleus of 

gold atom

Most -particles passed 
straight through gold leaf

Questions Unit 1: Atomic models
1. The diagram shows the various parts which make up an atom. State the names of the various parts.

a. 

b. 

c 

d.  

} 

a.  b.  

c.  d.  

2. Explain how the discovery that atoms can be made to emit negatively charged particles allowed Thomson to 
develop his model.
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3. The diagram following represents the Rutherford gold foil experiment and shows the approach paths of three 

alpha particles towards a gold nucleus. Continue the paths of the alpha particles to show how the alpha 
particles are affected by the positive nucleus.

4. A particle is fired at a nucleus. The diagram shows some possible paths for the particle. 

A
B
C
D
E

 Which of the paths is possible if the charge on the particle is:

a. positively charged? 

b. negatively charged? 

c. neutral? 
5. Rutherford carried out experiments in which alpha particles were fired at thin gold foil.

a. What happened to the alpha particles when they reached the foil?

b. Rutherford proposed that a gold atom contained a nucleus surrounded by electrons.
  i.  What conclusions did Rutherford make about the size and mass of the nucleus compared with the size 

and mass of the atom?

 ii. What experimental evidence could be collected to confirm that the nucleus was positively charged?
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Unit 2: Radioactivity

Isotopes
An atom’s nucleus is made of protons and neutrons. The number of protons is called the atomic number 
(symbol Z). The number of protons plus the number of neutrons in an atom is called the mass number 
(symbol A) or the nucleon number. A nucleon is another name for a proton or neutron. If X is the symbol for the 
element, the information about an atom can be written: Z

A X

Atoms with the same number of protons but different numbers of neutrons are called isotopes, e.g. the 
element hydrogen exists as three isotopes: 1

1 H, 1
2 H  and 1

3 H

Radioactivity
Elements, usually those with an atomic number greater than that of lead, that spontaneously emit particles or 
radiation from their nuclei are said to be unstable and radioactive.

Types of radioactive decay emissions
Alpha particle
This is a high-speed helium nucleus (written 2

4 He2+) and usually called an alpha particle (written -particle 
or 2

4 ). It is emitted from the nucleus of a larger atom. The helium nucleus can move with speeds up to 10% 
of the speed of light. Alpha particles have a range of only a few centimetres in air, and most can be stopped 
by a sheet of paper.

Beta particle
This is a high-energy electron emitted from the nucleus with a speed up to 90% of the speed of light. 

-particles are more penetrating than -particles, travelling about 30 cm in air. They can be stopped by 
aluminium about 5 mm thick. -particles are negatively charged. A beta particle is written –1

0e  or –1
0 , since it 

is not a nucleon, has no mass number, and it has the opposite charge to a proton.
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Gamma radiation
This is electromagnetic radiation with a very short wavelength and high frequency. It occurs as a result of a 
nucleus being left in a very excited (high energy) state immediately following other types of radioactive decay. 
The nucleus emits the energy in the form of -rays. Being electromagnetic radiation, gamma rays travel at the 
speed of light. Gamma rays can penetrate through several centimetres of very dense substances, such as lead.

lead

aluminium

paper

only a little  
radiation gets 
through

Penetration of radiations

Background radiation
Some radioactive substances occur naturally, while others are produced artificially by humans. Radioactive 
substances we are exposed to make up the background radiation. About 90% of background radiation is 
produced naturally. Some is in the food we eat, in building materials such as bricks and concrete, in the soil 
and in the air in the form of gamma rays. Alpha and beta particles do not penetrate far enough to make up 
background radiation. High-energy cosmic rays reach the Earth from space, though most are absorbed by the 
atmosphere. Humans contribute to background radiation – about 8% of background radiation arises from 
medical uses and another 1% is from weapons-testing fallout, occupational sources, luminous dials and the 
nuclear power industry.
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ANSWERS

Physics 2.1
Unit 1: Quantities and units (page 2)
1. a. 63.882 km

b. 41 µA
c. 2.8 Gs

2. a. 100 ! 1 000
3 600

 = 100
3.6

 = 27.8 m s–1

b. 340 ! 3 600
1 000

 = 340 ! 3.6 = 1 224 km h–1

3. a.  Density is the ratio of an object’s mass to its volume. It is how 
massive an object is in relation to its size. 

b. mass
volume  = kg

m3  = kg m–3

c. i. volume = 40.19438726  40.2 cm3

 ii. density = 1.113339525  1.11 g cm–3

 iii. 1.11 g cm–3 = 1 110 kg m–3

Unit 2: Significant figures (page 4)
1. a. 3  b. 4  c. 3  d. 2

2. 1 ! 109

60 ! 60 ! 24 ! 365.25 = 31.688  32 years

3. a. 1 cm3 = 10 ! 10 ! 10 = 103 mm3

b. 4.6 ! 2.15 ! 0.2003 = 1.980967  2.0 cm3 (2 sig. fig.)

Unit 3: Accuracy – improving techniques (page 6)
1. The estimations are inaccurate. An accurate measuring instrument that 

can measure down to hundredths of a cm should produce readings 
somewhere between 3.75 cm and 3.84 cm. 

2. a.  The digital balance is sensitive since the mass reading is to 6 
significant figures. 

b. mass = 226.010
5

 = 45.2020 g

The answer is expressed to 6 sig. figs. since 5 is a counting 
number and not an estimated measurement.

c. The method of multiple measurements gives a better estimation 
of the mass than simply measuring one ball since individual mass 
variations are averaged out. Also, the effect of any zero error 
would be reduced when the multiple measurements are divided 
by the number of items in the measurement. In this example, the 
zero error would be reduced by a factor of 5 times. 

d. 44.216 g

A precision of only 5 significant figures.
e. Sally’s method is more likely to give a more accurate value for 

the typical mass of a golf ball because her method averages the 
masses of several golf balls, and, as explained in c., the effect of 
zero error is reduced as well.

f. Norman could measure the masses of 5 different golf balls. 
3. 1.45 – 0.08 = 1.37 A

Unit 4: Processing the data (page 12)
1. a. Time is independent, Distance is dependent

b.

0.20

0.16

0.12

0.08

0.04

 0.05  0.1  0.15  0.2
Time (s)

Distance 
(m)

Distance vs Time

Make sure your graph has a correct title, labelled axes and 
units. Data points should be clear.

c. Distance is proportional to the square of the time elapsed,  
or d  t2

d.

Distance (m) Time (s) Time squared
0.000 0.00 0
0.0064 0.04 0.0016
0.0256 0.08 0.0064
0.0576 0.12 0.0144
0.1024 0.16 0.0256
0.16 0.20 0.04

e. 

0.20

0.16

0.12

0.08

0.04

 0.01  0.02  0.03  0.04
Time (s2)

Distance 
(m)

Distance vs Time squared

f. Gradient calculated from graph = 4 (m s–2)
 Intercept = 0 m
g. d = 4t2

h. 0.04 m
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