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Lenses ray diagrams and magnification

AQA GCSE Separate Physics 8463 | Paper 2 | Foundation and Higher
Suggested: 35-40 minutes + 15-20 minutes review | 29 parts | 49 marks

Specification points covered

4.6.2.5: refraction by convex and concave lenses; principal focus and focal length
4.6.2.5: construct ray diagrams; distinguish real and virtual images
4.6.2.5: magnification = image height / object height; use matching height units

A conservation laboratory examines tiny details in artwork. The team needs a lens to project details onto a screen and
a hand lens for close inspection. Use evidence from ray constructions and measurements to choose suitable
arrangements. Tests are separate unless stated otherwise.

Use a pencil, ruler and calculator. Complete every section. In Figures 1-3, each horizontal or vertical grid interval
represents 2 cm; read positions by counting intervals. The black upright arrow is the object and O marks the lens
centre. Show actual rays with solid lines and virtual backward extensions with dashed lines.

1 Understanding the lenses

The team begins by checking the language used in its lens test reports.

1(a) State what is meant by the principal focus of a convex lens for rays parallel to its principal axis. [1 mark]

1(b) Define the focal length of a lens. [1 mark]

1(c) The team shines a narrow bundle of parallel rays through a convex lens and then through a concave lens.
Describe the different effects on the rays. [2 marks]

1(d) A trainee says, “If a lens image cannot be formed on a screen, nobody can see it.” Explain why this is
wrong. [2 marks]
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2 The first projection test

Figure 1 shows a convex lens. Each grid interval represents 2 cm in either direction. The artwork detail is represented
by the black object arrow.
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Figure 1
2(a) Use Figure 1 to determine the focal length of the lens. [1 mark]

2(b) On Figure 1, use two principal rays from the top of the object to locate the image. Represent the image with
an arrow and show the direction of light travel. [3 marks]

2(c) Read the height of the image from your construction. [1 mark]

2(d) The object height in Figure 1 is 4 cm. Use your image height to calculate the magnification. [1 mark]

2(e) State whether the image in Figure 1 is real or virtual. Explain your answer using the rays. [2 marks]

2(f) The team wants an enlarged projection of the detail. Explain why this first arrangement does not meet that
aim. [1 mark]
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3 Using the hand magnifier

In Figure 2, the same convex lens is used with a smaller object closer to it. Each grid interval still represents 2 cm.
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Figure 2

3(a) On Figure 2, construct two principal rays to locate the image. Show any necessary backward extensions
and draw the image arrow. [3 marks]

3(b) Read the image height from your Figure 2 construction. [1 mark]

3(c) The objectin Figure 2 is 2 cm high. Calculate its magnification. [1 mark]

3(d) Give two differences between the Figure 2 image and the Figure 1 image. [2 marks]

3(e) Explain why placing a screen at the apparent image position in Figure 2 will not give a focused image
there. [1 mark]

Continue your physics journey

Videos, practice and support for your next step
www.physicsuk.co.uk




PhysicsUK worksheet

4 Testing the concave lens
Figure 3 shows a concave lens with a real object on its left. Each grid interval represents 2 cm in either direction.
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Figure 3

4(a) On Figure 3, construct two principal rays and their necessary backward extensions to locate the image.
Draw an image arrow. [3 marks]

4(b) Read the image height from your Figure 3 construction. [1 mark]

4(c) The Figure 3 object height is 4 cm. Calculate the magnification. [1 mark]

4(d) A trainee says, “The rays leaving the concave lens spread apart, so the lens forms no image of the object.”
Explain the mistake. [2 marks]

4(e) Compare the images in Figures 2 and 3. Give one similarity in image type or orientation and one difference
in size compared with their objects. [2 marks]
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5 Checking detail sizes

The following are separate laboratory measurements. Use magnification = image height / object height. Magnification
has no unit; use the same units for both heights.

5(a) A projected detail is 9.0 mm high and its object is 1.8 mm high. Calculate the magnification. [1 mark]

5(b) A hand lens gives a magnification of 3.2 for a 2.5 mm mark. Calculate the image height. [1 mark]

5(c) A projected line is 42 mm high at a magnification of 6.0. Calculate the original line height. [1 mark]

5(d) A detail is 0.50 cm high. Its image is 15 mm high. Calculate the magnification. [2 marks]

5(e) A test produces an image 1.8 cm high at a magnification of 0.60. Calculate the object height. [1 mark]

5(f) Test P uses magnification 2.0 with a 6.0 mm object. Test Q uses magnification 3.0 with a 3.0 mm object.
Calculate both image heights and identify which test gives the taller image. [2 marks]
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6 Choosing the final arrangements

The team compares the lenses in Table 1. The object is 6.0 cm from the lens in the initial projection test. Use ray
behaviour and focal distances, not a thin-lens equation.

Table 1
Lens Type Focal length
A Convex 4.0 cm
B Convex 8.0cm
C Concave 4.0 cm

6(a) Choose the lens in Table 1 that can project an enlarged real image when the object is 6.0 cm from it. Use
the focal distances to justify your choice and explain why each of the other lenses is unsuitable. [4 marks]

6(b) With lens A, the team moves the object from 6.0 cm to 8.0 cm from the lens, exactly at 2F. State the new
image position and its size compared with the object. [2 marks]

6(c) The team checks the focal length of a convex lens using a ray box that supplies rays parallel to the principal
axis. Describe how to use these rays, a white screen and a ruler to obtain the focal length. [3 marks]

During review, correct one ray construction and one calculation. Explain why the image is real or virtual rather than relying
only on which side of the lens it is drawn.

Continue your physics journey

Videos, practice and support for your next step
www.physicsuk.co.uk




