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TRACING

written by

Bruce J Saunders 

  In this experiment you will trace the directions followed by light before and after it is influenced by lenses and mirrors. You will predict the positions of images and check the predictions experimentally.




A. Convex lenses.

[image: image3.wmf]Scale: 1 major div. = 5 cm

The diagram shows a candle flame O near a convex lens. Helen (she is observant) is looking into the lens.

A, B & C are three of the large number of points in the flame giving off light. Several light paths are drawn from each point. Those from point A are continued through the lens. As A, B & C are point sources outside the focus, the lens directs the light to the points of convergence A', B' & C'. After passing through the region marked as I, the light continues to Helen. She believes the light has originated from A', B' & C'. This process will occur for all of the points in the flame. Helen 'sees' an inverted version of the candle. It is located at I, but appears to be in the lens.

     1. If Helen looked towards I from the side, why would she not see an image?

________________________________________________________________________________

     When a screen is placed at I, it reflects light from the points of convergence. When Helen looks at the screen, she receives light from points that collectively form the shape of a candle flame. Helen sees an image on the screen.

     Each point in the flame is emitting light in an infinite number of directions. It is possible to predict the direction followed by three of these paths. 
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1. Light moving parallel to the axis passes through the focus after going through the lens.

     
2. Light passing through the centre of the lens travels straight through.

   
3. Light passing through the focus moves parallel to the axis after passing through the lens.

[image: image4.wmf]The three paths are the principal rays for a convex lens. The diagram shows the principal rays drawn from points A and B. 

When drawing a ray diagram, the object is denoted by an arrow, the position of the lens or mirror is indicated by a vertical line and the type of lens or mirror is shown as a small symbol.
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When drawing rays, their directions are changed at the vertical line. They need not pass through or reflect off the symbol.

 2. The convex lens supplied has a focal length close to 10 cm. How can an accurate value be found quickly?

________________________________________________________________________________

3. What is an accurate value for its focal length? ______________________
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[image: image7.wmf]Below is a scale drawing of a candle placed 30 cm from your lens. The horizontal axis is scaled at 1 major division = 5 cm.

4. Mark in the two foci of your lens. 

5. From the tip of the arrow, draw the three principal rays. Use the grid squares to determine their directions accurately. This is an exercise in precision! A sharp pencil is essential.

6. Draw an arrow between the axis and the point of convergence of the three rays.

7. Describe the nature, size and orientation of the image. 

________________________________________________________________________________

8. How far from the lens would the image be formed?  ______________________________

9. Use a candle, screen and the lens to check your prediction. Comment on the agreement between the theoretical and experimental values.

________________________________________________________________________________

10. Using the grid above, draw an arrow to represent a candle 20 cm from the lens. Make it the same size as the original arrow.

11. Label the arrow as O2.

12. Which principal ray applies to both positions of the object? 

________________________________________________________________________________

13. From the top of the new arrow, rule the principal ray that passes straight through the centre of the lens.

14. Locate the point of convergence of the rays from O2, draw in the image and label it I2.

15. Describe the changes in the size and position of the image when the object is outside the focus and moves away from the lens. 

________________________________________________________________________________

16. How far is the object from the lens when the object and image are equidistant from the lens?




____________

17. How many focal lengths is this distance?
_______________________
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18. Under these conditions, compare the size of the image with the size of the object.

________________________________________________________________________________

19. Use the lens, candle and screen to check these last predictions. Comment on your findings.

________________________________________________________________________________

[image: image8.wmf]Scale: 1 major div. = 5 cm

20. Use the grid to determine the position of the image if the candle is 14 cm from your lens. Count the grid squares carefully when determining the directions of the rays.

21. Check your result experimentally. Comment on the agreement between the two values. 

________________________________________________________________________________

22. A greatly enlarged real image of the slide, is formed by the convex lens of a projector. Where is the slide positioned relative to the focus of the projector's lens? 

________________________________________________________________________________

23. How should the slide be put in the projector if the image is to have the correct orientation.

________________________________________________________________________________

[image: image9.wmf]     The diagram shows the three predictable light paths for an object inside the focus of the lens. The three paths are diverging after passing through the lens. When dotted back the point of intersection locates the top of the image. When you look through the lens towards the object, you see the dotted image.

24. Describe the nature, size, position and orientation of the image. 

________________________________________________________________________________
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The diagram represents a candle 5 cm from your lens. The horizontal scale is 

2 major divisions = 5 cm.

[image: image10.wmf]Scale: 2 major divs. = 5 cm


25. Mark in the two foci of your lens.

26. From the top of the arrow draw the three principal rays. 

27. Dot back the rays to find the point from which they appear to have started.

28. Draw in the image remembering that virtual images are usually shown as a dotted line.

29. Repeat the process on the same grid when the object is 7 cm from the lens.

30. What changes occur in the size and position of the image when an object is inside the focus and moved away from the lens? The object remains inside the focus.

________________________________________________________________________________

Place the candle 7 cm from your lens. Use a nail and the parallax method to locate the image.

31. Comment on the agreement between the theoretical and experimental values for the lens to image distance.

________________________________________________________________________________

32. In general, where should an object be placed near a convex lens to obtain an upright, virtual and enlarged image?

________________________________________________________________________________

The magnification of the object is defined as the height of the image Hi divided by the height of the object Ho i.e. Magnification = Hi/Ho.

33. What is the magnification when the candle is 5 cm from the lens? ____________________

The distances of the object and image from the lens are given the following symbols:

                 u = the lens to object distance                v = the lens to image distance. 








6.

34. Complete the table for the two positions of the candle in the last ray diagram.

	u cm
	v cm
	v/u
	 Hi 
	Ho
	Magnification

	
	
	
	
	
	

	
	
	
	
	
	


35. Write the equation involving u, v, Ho and Hi.  ____________________________________

     


B. Concave mirrors.
The images formed by convex mirrors follow the same trends as those produced by convex lenses. The principal rays for concave mirrors are similar to those used for convex lenses. The light reflects back from the mirror instead of passing through the lens.

36. Describe the three principal rays used to locate the images formed by concave mirrors.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

37. Illustrate your answers on the diagram.

[image: image11.wmf]
38. Obtain a concave mirror. Use your own method to determine the focal length.  _________

39. The arrow represents a candle 25 cm from your mirror. The horizontal scale is 

[image: image12.wmf]Scale: 1 major div. = 2 cm

1 major division = 2 cm. Mark in the focus of your mirror.

40. Trace the principal rays and locate the image.
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41. How far from the mirror is the image?  ____________________________

42. Use the candle, mirror and screen to check your last result. Comment on the agreement between the two values for the position of the image.

________________________________________________________________________________

43. How far from your mirror should the candle be placed, so the object and image are the same size?





______________________________________

44. Illustrate your answer with a ray diagram.

[image: image13.wmf]
45. What range of object to mirror distances would result in an enlarged real image? Answer in centimetres and in focal lengths.

________________________________________________________________________________

46. Check your findings with the equipment.

47. Determine the position of the image when the candle is 6 cm from your mirror. Use a horizontal scale of 1 major division = 2 cm and an arrow 2 major divisions high.

[image: image14.wmf]Scale: 1 major div. = 2 cm


48. Describe the orientation, position, size and nature of the image.

________________________________________________________________________________
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     C. Concave lenses.
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The diagram shows a candle near a concave lens. 

Light from A, B and C is diverging as it approaches the lens. The lens causes greater divergence. Believing the light travelled in straight lines from the source, Andrew thinks the light started from A', B' and C'. The virtual image seen by Andrew appears to be 'in the lens' but is located at I.

     
The three predictable light paths are: 

     
1. light travelling parallel to the axis of the lens will move as if coming from the focus.

     
2. light incident at the centre of the lens will pass straight through. 

[image: image16.wmf]O

I

1.

3.

2.

     
3. light travelling towards the focus will move parallel to the axis of the lens.

[image: image17.wmf]Scale 1 major div. = 2 cm

The diagram represents a candle 20 cm from a 10 cm focal length concave lens. The horizontal scale is 1 major division = 2 cm. 

49. From the arrow's tip, draw the three principal rays, locate the image and draw it on the grid.

50. Describe the nature, orientation and size of the image.

________________________________________________________________________________

51. How far from the lens is the image?  __________________________
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52. Use the lens provided, the candle and the nail to check your last result. Locate the image using the parallax method. Report on your findings and comment on the agreement between the two values for the position of the image.

________________________________________________________________________________

53. On the grid, trace rays to locate the image when the object is 16 cm from the lens. Describe the changes in the image size, nature, orientation and position caused by moving an object closer to a concave lens.

________________________________________________________________________________

________________________________________________________________________________

54. Describe the image formed by a concave lens for any position of the object.

________________________________________________________________________________

________________________________________________________________________________

55. Where is the image formed when the object is a very large distance from the lens?

________________________________________________________________________________

     

D. Convex mirrors.
56. Use your knowledge of the predictable light paths for a concave lens to describe the predictable light paths for a convex mirror. Note that light does not pass through a mirror.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

[image: image18.wmf]57. Illustrate your last answer on the diagram.
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58. An object is 20 cm from a 10 cm focal length convex mirror. On the grid, draw a ray diagram and locate the image. Use an arrow 2 major divisions high. Choose your own horizontal scale.

[image: image19.wmf]
59. Describe the nature, size, position and orientation of the image. 

________________________________________________________________________________

60. On the same grid, locate the images when the object is 18 cm and 22 cm from the mirror.

61. Describe the changes in the image when an object is moved in front of a convex mirror.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

62. Describe the image formed by a convex mirror for any position of the object.

________________________________________________________________________________

________________________________________________________________________________
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