TAP 314 - 2: Charting the electromagnetic spectrum

Annotate this chart to answer questions 1 and 2. Answer the remaining questions in the spaces provided.
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The electromagnetic spectrum

Using the frequency chart of the electromagnetic spectrum:

1.
Add the wavelength (in a vacuum) for each frequency to the chart (c = 3  108 m s–1).

2.
Insert the following kinds of electromagnetic radiation into the appropriate frequency 
band:

· long-wave radio

· medium-wave radio

· UHF radio (television frequencies)

· microwaves

· infrared radiation

· visible spectrum

· ultraviolet radiation

· x-rays

· gamma radiation

3.
Why is the frequency (rather than the wavelength) of the electromagnetic radiation a 
more certain method of distinguishing the wave and its properties?

4.
The scale increases in powers of ten. What type of scale is this? 

5.
How can each type of radiation above be detected? 

6.
What kind or kinds of electromagnetic radiation are associated with each of these 
sources?

· hot bodies

· quasars

· radioactive nuclei

· Klystron oscillator in an oven

· gas discharge tube

· stars

· oscillations in electrical circuits

· x-ray tubes

· slowing down of high-energy particles? 

7.
In the SI system certain multiples or submultiples of units are preferred, e.g. kilometre = 103 m. Since the electromagnetic spectrum is so broad it can be useful to apply these prefixes to the wavelengths.
Different emissions can be assigned to different wavelengths, e.g. picometre can be assigned to either gamma rays or x-rays. What kinds of radiation have wavelengths appropriately described in units of:

· picometre, pm

· nanometre, nm

· micrometre, m

· millimetre, mm

· metre, m

· kilometre, km?

Practical advice

The questions provide practice in thinking about the whole electromagnetic spectrum, about frequencies and wavelengths, and about SI units and prefixes. Questions about the kinds of emission from different sources may encourage some research in suitable books.

Alternative approaches

Students could be encouraged to produce a similar chart starting with wavelengths instead of frequencies.

Answers and worked solutions

1.
See diagram – wavelengths and types of radiation. 

2. 
See diagram – wavelengths and types of radiation:
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3.
The frequency will not change from one medium to another, but the wavelength depends on the speed in the medium through which it travels.

4.
A logarithmic scale.

5.
Radio and microwaves: aerial connected to tuned circuit – waves cause electrical oscillations in the circuit.

Infrared: photodiode or thermopile – waves have a heating effect.

Visible: photodiode, photosensitive resistor, photography – waves transfer energy to electrons in materials.

Ultraviolet: photography, photodiode – waves eject electrons from materials.

X-ray: photograph (shadow), ionisation detector – waves ionise matter.

Gamma rays: photograph, GM tube, ionisation detector – waves ionise matter.

6.
Hot bodies: infrared, visible.

Quasars: gamma rays, x-rays, ultraviolet, visible light, infrared, microwaves, radio waves.

Radioactive nuclei: gamma rays.

Klystron oscillator: microwaves.

Gas discharge tube: visible, ultraviolet.

Stars: infrared, visible, ultraviolet; some radio waves.

Oscillations in electrical circuits: radio waves.

X-ray tubes: x-rays.

Slowing down of high-energy particles: x-rays and gamma rays; also longer wavelengths.

7.
Picometre: x- or gamma rays.

8.
Nanometre: ultraviolet, visible

Micrometre: infrared.

Millimetre: microwaves.

Metre: short-wave radio.

Kilometre: long-wave radio.

External reference

This activity is taken from Advancing Physics chapter 3, 80X

