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account, account for State reasons for, report on, 

give an account of, narrate a series of events or 

transactions.

analyse Interpret data to reach conclusions.

annotate Add brief notes to a diagram or graph.

apply Put to use in a particular situation.

assess Make a judgement about the value of 

something.

calculate Find a numerical answer.

clarify Make clear or plain.

classify Arrange into classes, groups or categories.

comment Give a judgement based on a given 

statement or result of a calculation.

compare Estimate, measure or note how things are 

similar or different. 

construct Represent or develop in graphical form.

contrast Show how things are different or opposite.

create Originate or bring into existence.

deduce Reach a conclusion from given information.

define Give the precise meaning of a word, phrase 

or physical quantity.

demonstrate Show by example.

derive Manipulate a mathematical relationship(s) to 

give a new equation or relationship.

describe Give a detailed account.

design Produce a plan, simulation or model.

determine Find the only possible answer.

discuss Talk or write about a topic, taking into 

account different issues or ideas.

distinguish Give differences between two or more 

different items.

draw Represent by means of pencil lines.

estimate Find an approximate value for an unknown 

quantity.

evaluate Assess the implications and limitations.

examine Inquire into.

explain Make something clear or easy to understand.

extract Choose relevant and/or appropriate details.

extrapolate Infer from what is known.

hypothesise Suggest an explanation for a group of 

facts or phenomena.

identify Recognise and name.

interpret Draw meaning from.

investigate Plan, inquire into and draw conclusions 

about.

justify Support an argument or conclusion.

label Add labels to a diagram. 

list Give a sequence of names or other brief answers.

measure Find a value for a quantity.

outline Give a brief account or summary.

plan Use strategies to develop a series of steps or 

processes.

predict Give an expected result.

propose Put forward a plan or suggestion for 

consideration or action.

recall Present remembered ideas, facts or 

experiences.

relate Tell or report about happenings, events or 

circumstances.

represent Use words, images or symbols to convey 

meaning.

select Choose in preference to another or others.

sequence Arrange in order.

show Give the steps in a calculation or derivation.

sketch Make a quick, rough drawing of something. 

solve Work out the answer to a problem.

state Give a specific name, value or other brief answer.

suggest Put forward an idea for consideration.

summarise Give a brief statement of the main points.

synthesise Combine various elements to make a 

whole.

Words to Watch
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7.1 James Clerk Maxwell

Investigate Maxwell’s contribution to the classical theory of electromagnetism, including unification  
of electricity and magnets, prediction of electromagnetic waves and prediction of velocity.

James Clerk Maxwell

1862 – Maxwell

Influenced by the work of Michael Faraday in the 1830s, proposed that the speed of an electromagnetic 
wave would be the same as the speed of light.

Proposed that light was a transverse wave in the same medium as electric and magnetic waves – this 
was known as the aether.

Developed a set of 20 simultaneous equations containing 20 variables that showed that electric and 
magnetic fields are two complementary components of electromagnetic fields. 

1864 – Maxwell 

Puts forward his theory of electromagnetic radiation.

Electricity, magnetism, and light could all be explained using the same theory in physics.

Light was propagated by alternating electric and magnetic fields, which he believed would vibrate 
perpendicular to one another. 

1867 – Maxwell

Made the first prediction that there would be a continuous range of electromagnetic radiations which 
extended beyond the visible spectrum at both ends.

 

Electric field
oscillation

Magnetic field
oscillation 

Direction of 
propagation  

E B

 
James Clerk Maxwell 

(1831-1879).
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Sample QuestionsQuestions
1. Complete the sentences below to summarise Maxwell’s contributions to electromagnetic radiation by 

placing one word in each box.

(a) Around 1862, Maxwell proposed that the speed of propagation of an electromagnetic was 

   as the speed of  .

(b) Maxwell proposed that light must be a  in a medium which was the 

 same medium carrying electrical and magnetic waves. 

(c) In the 1830s Michael Faraday converted   

 into  energy using an insulated wire and a galvanometer.

(d) Faraday used the results of his experiment to derive electric and magnetic equations to describe

  and  .

(e) Maxwell understood the significance of Faraday’s work and, in 1864 proposed a theory connecting

  ,  and  

 into a single theory.

(f) Maxwell’s theory proposed that electricity, magnetism, and light could all be explained using the 

  theory in physics.

(g) Maxwell’s theory also proposed that light was  by alternating electric  
and magnetic fields.

(h) Maxwell believed that the alternating electric and magnetic fields would vibrate

  to one another. 

(i) In 1867 Maxwell predicted that there was a    
of electromagnetic radiations.

(j) This was the first prediction of a continuous  of electromagnetic radiation.

2. Identify the labelled parts of the diagram of an electromagnetic wave.

B

D

C

A
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Describe the production and propagation of electromagnetic waves and relate these  
processes qualitatively to the predictions made by Maxwell’s electromagnetic theory.

7.2 Transverse Electromagnetic Waves

Transverse electromagnetic waves 

Electromagnetic waves
• Are self-propagating alternating induced electric and magnetic fields travelling through space at the 

speed of light, 3 × 108 m s−1, slower through denser mediums.

Electromagnetic radiation is a
self-propagating combination
of alternating electric and
magnetic fields   

Travels at the 
speed of light

Magnetic field (B)

Electric field (E)

Propagation
direction

Changing electric field induces a

Changing magnetic field induces a 

Self-propagating

Electromagnetic waves
• Can travel through a vacuum.
• Classified as transverse waves because the changing magnetic and electric fields are at right angles 

to the direction in which they carry energy. 
• The wavelength, (λ), of an electromagnetic wave is the distance between the peaks of successive 

magnetic or electric field pulses.
• The period, (T), of an EMR is the time for one wavelength to pass a given point.
• The frequency, (f), is the number of wavelengths that pass a point each second. Frequency is 

measured in hertz (Hz).

• The energy carried by each EMR photon is directly proportional to the frequency of the radiation as 
given by Planck’s quantum theory equation, E = hf, where f is the frequency of the wave and h is 
Planck’s constant (see later).

• Note that the energy of an electromagnetic radiation photon is dependent on its frequency, not the 
amplitude of the electric and magnetic field oscillations. 

• We refer to the intensity, (I), of an electromagnetic wave rather than to its amplitude. The intensity 
of an electromagnetic wave depends on the number of photons in the beam. Each photon will have 
energy dependent on its frequency. The more photons in a beam, the greater the intensity and the 
higher the total energy.
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Sample QuestionsQuestions
1. (a) What is an electromagnetic wave?

(b) State three ways in which an 
electromagnetic wave differs from 
transverse matter waves.

(c) Given that transverse waves are 
defined in terms of the relative direction 
of their particle oscillation, and that 
electromagnetic waves do not propagate 
through particle oscillation, why are they 
referred to as transverse waves?

2. Sheldon and his friends reflected a laser beam 
with speed 3 × 108 m s−1 off the Moon and 
received the reflected signal back on Earth 2.5 s 
later. According to this information, what is the 
distance between the Moon and the Earth?

3. The diagram shows an antenna emitting EMR. 

Antenna Direction of propagation

Changing
magnetic field 

Changing
electric field 

Transmitter

e−

e−

e−

e−

e−

 In what way do the electrons in the antenna 
produce the EMR?

(A) By moving at constant speed upwards, 
only.

(B) By moving at constant speed downwards, 
only.

(C) By moving at constant speed alternatively 
upwards and downwards.

(D) By accelerating upwards and downwards 
alternatively.

4. What is the same for all EMR?

(A) Their amplitude.

(B) Their frequency.

(C) Their speed.

(D) Their wavelength.

5. What is the same for blue and yellow light?

(A) They have the same energy.

(B) They have the same frequency.

(C) They have the same speed.

(D) They have the same wavelength.

6. The Sun’s rays travel through space:

(A) At the speed of sound.

(B) At twice the speed of sound.

(C) At half the speed of light.

(D) At the speed of light.

7. Which statement is true regarding mechanical 
and electromagnetic waves?

(A) Both types require a medium.

(B) Neither type requires a medium.

(C) A mechanical wave requires a medium, 
but an electromagnetic wave does not. 

(D) EMR speed is affected by a medium, but 
the speed of a mechanical wave is not.

8. How does visible EMR from the Sun differ from 
the non-visible EMR from the Sun?

(A) It has different amplitudes.

(B) It travels a different distance.

(C) It travels at a different speed.

(D) It has different wavelengths. 

9. What is the relationship between the 
wavelength (λ), and frequency (f), of an EMR?

(A) If λ increases, f increases.

(B) If f decreases, λ increases.

(C) If f remains constant, λ increases.

(D) If λ remains constant, f increases.

10. The range of electromagnetic waves placed in 
a certain order is called the:

(A) Electromagnetic spectrum.

(B) Electromagnetic wavelength.

(B) Electromagnetic frequency.

(B) Electromagnetic field.

11. What determines the energy carried by 
electromagnetic waves?

(A) Their amplitude.

(B) Their frequency.

(C) Their speed.

(D) The medium they travel through.
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Conduct investigations of historical and contemporary methods used to determine the  
speed of light and its current relationship to the measurement of time and distance. 

Sample QuestionsQuestions

7.3 Measuring the Speed Of Light

1. Each of the diagrams below represents one of the early methods used by scientists to measure the speed 
of light. Your task for each diagram is to:

• Determine which scientist used this method, and when he used it.

• Briefly describe the physics behind the method used.

• Indicate the answer he got and its degree of error taking the accepted value today (set in 1983) as  
299 792 458 m s−1. (Note the values you research will vary across resources.)

d

Lantern is opened

(a)   Method A. Second lantern is  
opened when light 
from first is seen 

Earth

Sun

Earth

Io

Io

Jupiter

Jupiter

(b)   Method B.

Historical measurements of the speed of light
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(c)   Method C.

Velocity vector of
light relative to Earth 

c

Velocity vector of 
light relative to Earth
six months later  

Velocity vector of 
light relative to Sun

θ2
θ1

α1

α2

(d)   Method D.
Source of light

Observer Reflecting 
mirror

Rotating cog wheel

Partially
reflecting 

mirror 

(e)   Method E.

Observer

Light source

Eight sided 
rotating mirror 

35 km between mirrors

Stationary mirror 
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Measuring the speed of light – home experiment

Sample QuestionsQuestions

Melting chocolate and the speed of light 

Some students took the baseplate out of a 
microwave oven and inserted a plate over the 
rotor so that when the oven was on the plate 
remained stationary.

They placed a bar of chocolate on the plate, 
closed the door, then turned on the oven, 
watching the bar through the door.

As soon as they noticed melt spots on the 
chocolate, they switched the oven off and 
removed the chocolate and the plate it was  
on from the oven.

Their results are shown in the photograph below.

1. Briefly, with the aid of a diagram, outline the physics of this experiment.

2. Knowing that the frequency of the microwaves emitted by this oven  
was 2500 MHz, use the students’ results to calculate the speed of light.

3. Compare your answer to the accepted value = 299 792 458 m s−1.

4. Comment on the validity of the experiment.

5. Comment on the reliability of the experiment including how this  
might be improved.
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7.4 Comparing Spectra From Light Sources

Conduct an investigation to examine a variety of spectra produced  
by discharge tubes, reflected sunlight or incandescent filaments.

Comparing spectra from light sources

Emission, absorption and continuous spectra

• Spectra are formed when electrons fall from higher 
to lower energy levels. 

• In doing this they emit electromagnetic radiation 
specific to the energy difference between the two 
levels.

• A hot, opaque object or hot dense gases, emits a 
continuous spectrum, with all wavelengths.

• Hot objects will also emit radiation specific to their 
elemental composition. 

• If light from a continuous spectrum passes through 
a cool, transparent gas, dark lines appear in the 
spectrum because the atoms of the cool gas 
absorb wavelengths of light specific to those 
atoms. This is called an absorption spectrum.

• This allows us to determine the composition of the cool gas.
• Any light source and warm or hot object emits its own light forming an emission spectrum. 
• An emission spectrum looks like the opposite of an absorption spectrum, with the bright emission 

lines at the same wavelengths as the dark lines in the absorption spectrum.
• The wavelengths of the lines in an emission spectrum are the same as the absorption lines in the 

spectrum (for the same gas). 

The nature of spectra

• Depends on the composition and 
temperature of the source.

• Light sources that have filaments that get 
very hot will produce continuous spectra.

• Low temperature vapour light sources 
such as mercury or sodium vapour lamps 
will produce light consistent with their 
composition rather than their temperature.

• Low temperature light sources made by different manufacturers will produce different spectra 
because they will not all be identical in composition.

• If the surface temperature is constant, the spectrum the object produces will be the same every 
time it is produced. The spectrum is a fingerprint for the object.

• ‘Cool’ or white light sources will have a spectrum which gives out more blue light than yellow 
and red light.

• ‘Warm’ lights emit more light in the yellow and red end of the spectrum.

Continuous spectrum

Absorption spectrum

Emission spectrum

Cool light Warm light spectrum
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Sample QuestionsQuestions
The diagrams show the spectra from six different light sources. Use them to answer the questions below.

Wavelength (nm)

A

In
te

ns
ity

400
0

20

40

60

80

100

500 600 700
Wavelength (nm)

B

In
te

ns
ity

400
0

20

40

60

80

100

500 600 700
Wavelength (nm)

C

In
te

ns
ity

400
0

20

40

60

80

100

500 600 700

Wavelength (nm)

D

In
te

ns
ity

400
0

20

40

60

80

100

500 600 700
Wavelength (nm)

E
In

te
ns

ity

400
0

20

40

60

80

100

500 600 700
Wavelength (nm)

F

In
te

ns
ity

400
0

20

40

60

80

100

500 600 700

1. Which spectrum is produced by a hot, incandescent light? Justify your choice.

2. Which of the spectra is produced from the hottest light source? Justify your choice.

3. Would light source A be hotter or cooler than light source D? Justify your answer.

4. Explain why the light from source E is called a cool light.

5. Explain why the light from source F is called a warm light.

6. How do we know that light sources E and F are not incandescent light sources?

7. One of these spectra is from a light which is described as a ‘daylight’. Which one, and why is it given this 
name? Use another relevant spectrum in your answer.

8. One of the spectra is produced by a fluorescent light (now no longer produced and used). Which one, and 
then account for the appearance of the spectrum it forms.

9. A red laser produces a  
coherent beam of red 
light with wavelength 
633.0 nm.

(a) What does 
‘coherent’ mean 
when used in this 
context?

(b) On the graph 
grid, draw in the 
spectrum you 
would expect to be 
formed from this 
source of light.

In
te

ns
ity

 (u
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ts
)

632.0 632.4 632.8 633.2 633.6 634.0
Wavelength (nm)
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7.1 James Clerk Maxwell

1. (a) Around 1862, Maxwell proposed that the 
speed of propagation of an electromagnetic 
wave was the same as the speed of light. 

(b) Maxwell proposed that light must be a wave 
in a medium which was the same medium 
carrying electrical and magnetic waves.

(c) In the 1830s Michael Faraday converted 
electric energy into magnetic energy using an 
insulated wire and a galvanometer.

(d) Faraday used the results of his experiment 
to derive electric and  magnetic equations to 
describe electricity and magnetism.

(e) Maxwell understood the significance of 
Faraday’s work and, in 1864 proposed a theory 
connecting light, magnetism and electricity into 
a single theory.

(f) Maxwell’s theory proposed that electricity, 
magnetism, and light could all be explained 
using the same theory in physics.

(g) Maxwell’s theory also proposed that light 
was propagated by alternating electric and 
magnetic fields.

(h) Maxwell believed that the alternating 
electric and magnetic fields would vibrate 
perpendicular to one another. 

(i) In 1867 Maxwell predicted that there was 
a continuous range of electromagnetic 
radiations.

(j) This was the first prediction of a continuous 
spectrum of electromagnetic radiation.

2. A =  electrical field – note that the convention is to 
label the magnetic field horizontally

B = wavelength

C = direction of propagation

D = magnetic field

7.2 Transverse Electromagnetic Waves

1. (a) An electromagnetic wave consists of self-
induced alternating electric and magnetic fields 
which carry energy from one place to another.

(b) They can travel through a vacuum, they do 
not involve the oscillation of particles, and the 
energy they carry depends on their frequency 
rather than the amplitude of the oscillation of 
the particles.

(c) The self-induced electric and magnetic fields 
oscillate at right angles to the direction in 
which the energy is carried and the graphed 
magnitudes of these fields form a sinusoidal 
curve. Both of these are transverse wave 
properties.

2. From distance  = (velocity × time ) ÷ 2 
= 3 × 108 × 1.25 
= 3.75 × 108 m  
= 375 000 km (average = 384 000 km)

3. D

4. C

5. C

6. D

7. C

8. D

9. B

10. A

11. B

7.3 Measuring the Speed Of Light 

Historical measurements of the speed of light 

1. (a) Method A.

 Galileo Galilei was the first person to attempt to 
measure the speed of light. In 1638 Galileo and 
an assistant each stood on a different hilltop 
with a known distance between them. Galileo 
opened the shutter of a lamp and his assistant 
opened the shutter of a lamp as soon as he saw 
the light from Galileo’s lamp. Galileo attempted 
to measure the time between opening his lamp 
and seeing that of his assistant. 

 Using the distance between the hilltops and 
his pulse as a timer, Galileo could calculate 
the speed of light. He and his assistant tried 
this with different distances between them, but 
no matter how far apart they were, he could 
measure no difference in the amount of time it 
took the light to travel. Galileo concluded that 
the speed of light was too fast to be measured 
by this method. Galileo reported that the speed 
of light was at least 10 times faster than sound 
(about 3300 m s−1).

(b) Method B.

 In 1675, the Danish astronomer Ole Roemer 
(1644-1710) became the first person to actually 
measure the speed of light. Roemer was 
measuring the time taken for Io, a moon of 
Jupiter, to pass behind (be eclipsed by) the 
planet in order to measure its orbital period.

 Io is eclipsed by Jupiter once every orbit, as 
seen from the Earth. By timing these eclipses 
over many years, Roemer noticed something 
peculiar. The time interval between successive 
eclipses became steadily shorter as the Earth 
in its orbit moved towards Jupiter and became 
steadily longer as the Earth moved away from 
Jupiter. 

Answers


