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Learning objectives

· Describe the action of a thin converging lens on a beam of light.
· Use the terms principal focus and focal length.
· Draw ray diagrams for the formation of a real image by a single lens.
· Extended  Use and describe the use of a single lens as a magnifying glass.
· Extended  Describe the difference between a real image and a virtual image.
· Describe the nature of an image using the terms enlarged/same size/diminished and upright/inverted.

Learning outcomes

· Be able to describe the action of a thin converging lens on a beam of light.
· Be able to use the terms principal focus and focal length.
· Be able to draw ray diagrams to illustrate the formation of a real image by a single lens.
· Extended  Be able to use and describe the use of a single lens as a magnifying glass.
· Extended  Be able to describe the difference between a real image and a virtual image.
· Be able to describe the nature of an image using the terms enlarged/same size/diminished and upright/inverted.

Common misconceptions

Many students find it difficult to construct ray diagrams to represent image formation by a lens. Ensure that you allow plenty of practice, beginning with simple, straightforward examples to build their confidence.

Resources
Student Book pages 170–174
Files found at www.collins.co.uk: P4_2di_Worksheet; P4_2dii_Worksheet; P4_2diii_Worksheet; P4_2d_Tech_notes

Approach
Introduce the activity
Ask students to produce a ray diagram to represent image formation by a plane mirror.
Develop the activity
Discuss the section ‘Thin converging lens’ on pages 170–171 of the Student Book. At this point the students can carry out the practical on Worksheet P4.2di. They draw a dotted centre line on the paper, place the centre of the lens on the centre line and send light along five parallel paths, noting the path of the emergent rays. They should measure the distance from the centre line to the ray intersection.
SAFETY INFORMATION: Remind students that ray boxes can become hot after prolonged use.
Ask students to carry out the practical on Worksheet P4.2dii. They arrange apparatus as shown on the worksheet. A clear image should be formed on the screen (screens may be formed by attaching A3 paper to a stool laid on a bench). To get students started, you may wish to suggest the initial bulb–lens distance; for a lens of power 5 D, a 1 m distance will result in an image being formed 25 cm beyond the lens.
Students repeat for five separate bulb–lens distances.
SAFETY INFORMATION: Remind students that they should not touch the filament bulb once it has been switched on. It will become extremely hot. Also remind them that they should not look at the bulb directly.
Students should also note the object size (bulb diameter – measure before switching the bulb on) and image size (measured on the screen).
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Ask students to draw a graph of their results. This allows you to assess their graph-drawing skills. Focus on: appropriate scales; linear scales; labelled axes; accurate plotting; smooth curve of best fit. Select an appropriate result from a student to demonstrate how to construct a ray diagram to represent this situation. (It would be useful to discuss the section ‘To find the position of an image’ on pages 172–173 of the Student Book at this point.) Select an example for which the bulb–lens distance falls between f and 2f (where f is the lens focal length).
The key learning in this activity is that an image does not always form at the focal point. The closer an object is to a (convex) lens, the further the image forms away from the lens.
Make sure that students are able to construct an appropriate ray diagram. It is worth spending time here ensuring that they have mastered the basics before going on to more complex examples.
Extended  Students work through how to construct an image when the object is between the principal focus and the lens using the text on pages 173–174 of the Student Book.
Students can then work through the example on page 174 of the Student Book as described above, before completing Worksheet P4.2diii.
Finish the activity
Ask students to define the terms ‘enlarged’, ‘same size’, ‘diminished’, ‘upright’, ‘inverted’, Extended ‘real image’ and Extended  ‘virtual image’.
