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GRADE 9: Physical processes 4 

The electromagnetic spectrum 

About this unit 
This unit is the fourth of seven units on physical 
processes for Grade 9.  

The unit is designed to guide your planning and 
teaching of lessons on physical processes. It 
provides a link between the standards for 
science and your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 11 and Grade 8. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to children by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be familiar 
with the visible spectrum and with light and radiant heat as energy forms. 
 

Expectations 
By the end of the unit, students know that the electromagnetic spectrum 
can be considered as a spectrum of different forms of the same radiation 
and that each part of the spectrum, of which visible light is one, has different 
properties and applications. 

Students who progress further describe experiments that can be done 
using radiation in different parts of the spectrum that show that all parts are 
expressions of the same phenomena. They carry out calculations involving 
the velocity, frequency and wavelength of the radiation. They recognise the 
importance of our understanding of the nature of radiation in the 
development of our understanding of modern physics in general. 

Resources 
The main resources needed for this unit are: 
• magnifying glasses 
• prism, phototransistor and milliammeter 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• electromagnetic spectrum: radiowaves, microwaves, infrared, visible light, 

ultraviolet, X-rays, γ-rays 
• radiation 
• speed of light, light-year 
• frequency, wavelength 
• electromagnetic radiation 

UNIT 9P.4 
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Standards for the unit 

6 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.20.3 Understand the relationship between velocity, frequency and wavelength, 
and perform calculations using the relationship.  

 

9.20.6 Know that the electromagnetic spectrum can be considered as a spectrum 
of different forms of the same radiation, and that each part of the spectrum 
of which visible light is one, has different properties and applications.  

8.18.6 Demonstrate how white light can be 
split into coloured light by refraction 
and explain examples of dispersion 
in everyday life (e.g. oil on water, 
rainbows).  

9.20.7 Know that the velocity of all electromagnetic radiation in a vacuum is the 
same.  

11A.29.6 Explain electromagnetic radiation in 
terms of oscillating electric and 
magnetic fields and know that all 
electromagnetic waves travel with the 
same velocity in free space. Describe 
the main characteristics and 
applications of the different parts of 
the electromagnetic spectrum and 
give examples of the reflection, 
refraction and interference of 
electromagnetic waves. 

3 hours 

The 
electromagnetic 
spectrum 
 

3 hours 

Uses and 
dangers of 
electromagnetic 
radiation 

 9.2.6 Trace the historical development of some key scientific models and 
understand the roles of specific scientists in their development.  
 

 

Unit 9P.4 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduction 
Ask students to focus sunlight on a sheet of paper using a magnifying glass. Note that the 
paper starts burning. Find out what they conclude from this by asking questions such as: 
• Do you think that light is hot?  
• Are heat and light the same thing?  
• Does heat always occur with light? 

Through class discussion, conclude that light and heat are similar. Introduce the word radiation 
to cover the range of things like light and heat. This unit will explore this concept in greater 
depth and look at what the different forms of radiation have in common. 

 

Safety note: Take appropriate fire precautions. 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

The visible spectrum 
Recall Grade 8 work on colour. Ask students whether they can remember how a rainbow is 
created by droplets of water, or a spectrum by a prism.  

Set up a demonstration to show the visible spectrum using a prism. Use an incandescent lamp 
as the light source. Demonstrate, using a phototransistor, the presence of invisible radiation 
beyond the red end of the spectrum.  

Conclude that heat and light are a continuum and seem to be components of a larger spectrum. 
Introduce the word infrared for the part of the spectrum that encompasses heat radiation. 

  

The speed of light 
Describe briefly some of the attempts to measure the speed of light, including that of Galileo, 
who concluded that it was too fast to measure. Refer also to more recent determinations, such 
as the historic one by Michelson and Morley, which was conducted to try to find out whether 
light travelled at the same speed in all directions, regardless of the movement of the Earth 
through space. 

Encourage more advanced students to look in more detail at the (then) rather unexpected result 
of this experiment, which led to the new thinking of Einstein and others around 1900. 

Students can be given the value of the speed of light, but at this stage all they need to know is 
that it is unimaginably fast – they do not need to memorise it. More advanced students can 
perform calculations based on the speed of light. Link this work to Unit 9E.1, where the concept 
of the light-year is mentioned. 

 
Enquiry skill 9.2.6 

 

3 hours 

The electromagnetic 
spectrum 
Know that the 
electromagnetic spectrum 
can be considered as a 
spectrum of different forms of 
the same radiation, and that 
each part of the spectrum of 
which visible light is one, has 
different properties and 
applications.  

Know that the velocity of all 
electromagnetic radiation in a 
vacuum is the same.  

Understand the relationship 
between velocity, frequency 
and wavelength, and perform 
calculations using the 
relationship.  

Trace the historical 
development of some key 
scientific models and 
understand the roles of 
specific scientists in their 
development.  

Microwaves 
If a set of microwave equipment is available, demonstrate the production and detection of 
microwaves and their reflection at a plane surface and refraction by a prism.  

  

Unit 9P.4 
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Objectives Possible teaching activities Notes School resources 

The electromagnetic spectrum 
Show, with the aid of diagrams, the whole electromagnetic spectrum and how the different parts 
of it follow on from each other. Introduce the idea of radiation as a wave form, referring to all the 
evidence for this that students have met. Show the frequency and wavelength range for each 
section of the spectrum.  

As a preparation for the next topic, ask students to draw the spectrum, divided up into sections 
from radiowaves to γ-rays, extending across several pages such that there is ample room to 
write about each section. Ask them whether it is possible to draw such a spectrum to scale 
according to wavelength. They will quickly conclude that this is impossible and that another kind 
of scale is required. Introduce the logarithmic scale, which gives the same length on the paper 
to each order of wavelength magnitude.  

Spend some time in this section ensuring that students are familiar with the expression of very 
large and very small numbers in scientific form. Give them small conversion exercises to do. 

 
 
 
 
 

The logarithmic presentation will require about 
15 divisions from 10–12 to 103 m. If frequency is 
used as the scale, it will run from 103 to 1023 Hz. 

 

James Clerk Maxwell 
Ask students to find out some details about the life and work of the Scottish physicist, James 
Clerk Maxwell, often referred to as the father of modern physics, who first recognised that light 
was part of a larger family of ‘electromagnetic waves’ that were characterised by electric and 
magnetic fields that vibrated at right angles to each other. Discuss the findings in class. 

Draw the attention of more advanced students to the two fundamental fields of study – two ‘big 
ideas’ – that were emerging in the nineteenth century: the study of wave motion led by Maxwell 
and his followers and the study of particles that students have learnt about in Unit 9M.1. These 
two big ideas were to clash head-on in the early twentieth century with major consequences for 
our understanding of science (see Grade 12). 
 

 
ICT opportunity: Use of the Internet. 
Enquiry skill 9.2.6 
 
 

Enquiry skill 9.2.5 

 

 

Uses of electromagnetic radiation 
Ask students to conduct research in their textbook, the library or the Internet into the uses we 
make of the different parts of the electromagnetic spectrum. Tell them to make a display, either 
in their books or using display software, of their findings. A display could also be made on the 
display board – allocate each section of the spectrum to a different group. 

 
ICT opportunity: Use of the Internet and 
display software. 
Enquiry skill 9.3.1 

 3 hours 

Uses and dangers of 
electromagnetic radiation 
Know that the 
electromagnetic spectrum 
can be considered as a 
spectrum of different forms of 
the same radiation, and that 
each part of the spectrum of 
which visible light is one, has 
different properties and 
applications.  

Dangers of electromagnetic radiation 
Tell students to add the potential dangers of each section of the spectrum to the display. Make 
sure they include the role of the ozone layer in protecting living things on Earth from high-
frequency radiation. 

Consideration of these dangers will show that, in general, the danger increases from low 
frequency to high frequency. This offers an opportunity to link danger with the energy carried by 
the radiation. This can be done formally as a statement – ‘high frequency radiation is dangerous 
because it transfers more energy’ – or it can afford a simple introduction to quantum theory for 
more advanced students. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Which form of solar radiation causes sunburn?  

A. Visible 

B. Ultraviolet 

C. Infrared 

D. X-rays 

E. Radiowaves 

TIMSS Grade 8, 1995 

  

The diagram of the electromagnetic spectrum below shows three areas labelled K, L and M. 
 

Radio 
waves 

K Infrared 
Visible 
light 

L M 
Gamma 

rays 
 

a. Name the regions K, L and M. 

b. Name a form of radiation with a wavelength shorter than visible light. 

c. How does the energy associated with the radiation change across the spectrum from 
radiowaves to gamma rays? Explain this change. 

d. Which parts of the spectrum are utilised in the following applications? 

 i. Cellular (mobile) telephones. 

 ii. Radiant heaters. 

 iii. Fibre-optic cables. 

 iv. Treatment of cancers. 

 v. Looking at bone fractures. 

  

Describe the potential dangers associated with the following areas of the electromagnetic 
spectrum. 

• Ultraviolet 

• Microwave 

• X-ray 

 
 

Light from the nearest star takes 4.2 years to get here. How far away is it in (a) light-years and 
(b) kilometres? (Velocity of light is 3 × 108 km s–1) 

For advanced students only.  

The cosmic background radiation has a wavelength of 4 cm. What is its frequency? (Velocity of 
light is 3 x 108 km s–1) 

For advanced students only.  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Design a poster drawing the attention of the general public to the importance of the ozone layer. 
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