
[bookmark: P4_3a]Activity P4.3a Electromagnetic spectrum
Learning objectives

· Describe the main features of the electromagnetic spectrum in order of frequency, from radio waves to gamma radiation (𝛾).
· State that all electromagnetic waves travel with the same high speed in a vacuum and approximately the same in air.
· Describe typical properties and uses of radiations in all the different regions of the electromagnetic spectrum including: radio and television communications (radio waves); satellite television and telephones (microwaves); electrical appliances, remote controllers for televisions and intruder alarms (infrared); medicine and security (X-rays).
· Demonstrate an understanding of safety issues regarding the use of microwaves and X-rays.
· Extended  State that the speed of electromagnetic waves in a vacuum is 3.0 ×108 m/s
· State the dangers of ultraviolet radiation, from the Sun or from tanning lamps.

Learning outcomes

· Be able to describe the main features of the electromagnetic spectrum in order of frequency, from radio waves to gamma radiation (𝛾).
· Be able to state that all electromagnetic waves travel with the same high speed in a vacuum and approximately the same in air.
· Be able to describe typical properties and uses of radiations in all the different regions of the electromagnetic spectrum including: radio and television communications (radio waves); satellite television and telephones (microwaves); electrical appliances, remote controllers for televisions and intruder alarms (infrared); medicine and security (X-rays).
· Be able to demonstrate an awareness of safety issues regarding the use of microwaves and X-rays.
· Extended  Be able to state that the speed of electromagnetic waves in a vacuum is 3.0 × 108 m/s.
· Be able to state the dangers of ultraviolet radiation, from the Sun or from tanning lamps.

Common misconceptions

The disturbance associated with electromagnetic waves is invisible, so students may have difficulty in grasping exactly what the amplitude of an electromagnetic wave is.
Students sometimes have difficulty in balancing risks and benefits, particularly when the benefits are immediate and the risks are only evident later.

Resources

Student Book pages 178–183
Files found at www.collins.co.uk: P4_3a_Tech_notes

Approach

Introduce the activity
Use a glass prism to split white light from a ray box lamp into a spectrum on a screen. Use an infrared sensor to show that there are waves beyond the red end of the spectrum.
Discuss the hazards of using mobile phones, noting on the board the points that students raise (correct or not), to be dealt with in the plenary.
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Develop the activity
Discuss the section ‘Electromagnetic spectrum’ on page 178 of the Student Book. When you come to discuss white light, remind students of the experiment they carried out in the last activity. It is important for them to know the various regions of the electromagnetic spectrum, so you need to take time to study the spectrum.
You could ask students to work in pairs to make up quiz questions on the spectrum for other students (they must know the answers). For example, what type of radiation comes between microwaves and visible light? [infrared]
Students can then answer the questions on page 180 of the Student Book in pairs.
Now move on to discuss the uses and hazards of electromagnetic waves using the section ‘Uses and hazards of electromagnetic radiation’ on pages 181–182 of the Student Book. Bring out a pair of sunglasses and a tube of sun cream. Ask students to suggest what these items protect against and how they work. Students need to be able to distinguish between burning skin (from infrared) and sunburn (from ultraviolet). You could explain the significance of the ozone layer and our recent attempts to undo the damage done over the past 200 years or so.
Demonstrate the safety features associated with handling and storing gamma ray sources:
· Always handle them with tongs
· Always store them in a lead-lined box
· Never point them at people.
You could also discuss the use of gamma rays to destroy cancer tumours, perhaps considering the risks and benefits of the treatment. The mention of cancer tumours needs sensitive handling as some of the class may have friends or relatives who have or have had cancer. Perhaps you could emphasise from the outset that a cancer diagnosis is often not fatal.
Show students a radiation badge, or an image of one, and explain to them how it works. Introduce the term ‘ionising radiation’ and explain how the film works. The use of X-rays in diagnosis gives another opportunity to discuss risk and benefit trade-offs in the use of electromagnetic waves.
Students can answer the questions on page 183 of the Student Book in pairs.
Finish the activity
Have a class discussion on how scientists might go about establishing the risk associated with the use of mobile telephones. Remind the students that direct experimentation on humans (even volunteers) is probably unethical.
