The Physics of Optics
Day 1:     Introducing Lenses
Goals:

· Understand how a lens operates

· Know how to produce and locate an image with a lens

· Build upon prior knowledge of optics

· Transfer understanding of the operation of mirrors and the behavior of light to the operation of lenses

· Understand the similarities and differences between mirrors and lenses

Dr. Eisenkraft (Arthur Eisenkraft teacher of Regents Physics at Fox Lane High school in Bedford, New York) begins the lesson by discussing the students’ homework assignment. Students had been asked to identify fifteen descriptive items about vision that fit into one of three categories: Things I know, thinks I think I know, and things I’d like to know.
Next Dr. Eisenkraft asks the students how they would focus a blurred transparency that he displays on the overhead projector. After talking with their neighbors about possible solutions, the students share their suggestions with the class.

The class discussion then moves to other optical instruments that use lenses: cameras, telescopes, and photocopiers. Dr. Eisenkraft asks the students for examples of instruments that make objects appear smaller, bigger, and the same size.

In pairs, students work with a lens, a candle, and a screen to form images that are smaller, bigger, and the same size as the candle, At the end of the period, Dr. Eisenkraft and the class review their results. This discussion set the stage for the next day’s activities.

The discussion follows:

I would like you to take out your homework assignment. I ask you to write about 15 things that you know or think you know or wonder about vision.
I think what I asked you to do is …
Vision things I know, things I think know, things I’d like to know
We have been working of the optics unit and the study of light. So we begin our study of light by looking at how light how light travels, when it hits mirrors, when it goes in water. It’s a very traditional physics lesson. We now are moving from refraction to lenses which are a technological devices based on refraction we are going to relate that to vision and you’ll see how in the next few days how the lenses, refraction and mirrors all tie in together.
1. T: What I want to know is what is your response and which column does be longs to.
2. S: You don’t see objects; you see light bouncing off of objects.
3. T: Another one, Payton

4. S: For thing I think I know is that there are probably equations to calculate acuteness of vision.
5. T: Absolutely 

6. S: Adena. The things I’d like to know, how many lenses are used in the human eye to help vision?
7. T: That an interesting one because inside of what I’d like to know are thing I know. So I am going to put this in both columns.
8. Teacher Comment:
9. I have to know what is going on in their minds in order to teach effectively. If however you elicit their prior understandings and try to get a sense what they do know and build from that knowledge you can be much more effective in them retaining information.
10. S: Things I know, I think I know a lot of things so….
11. Why don’t you take your homework and pass it upfront so that I can save it so that when we are all done with vision we will look at these again.

12. Teacher Comment:

13. What students did as an introduction to mirrors was they had some fun by looking inside of to kinds of mirrors, concave and convex mirrors. Actually they took a spoon to look at the two sides to see their image in it. In class they tried to see if they could find the image of the flame in the spoon. When they got to class they use the spoon and moved the screen back and forth to get the image of the flame. Can you find the image of the candle in that? So they moved the screen and moved the spoon to see what the image looked like.

14. What I hope is going to happen is that they have this information about lenses and mirrors.
15. So right now they have this stuff about mirrors and they have this new stuff with lenses, they are trying to hook it on to so that they have only one thing to know. So that’s learning.
16. *************************
17. T: Now I think this is going to be an easy question. What do you think? (shows overhead projection that is out of focus)

18. T: So I have this overhead projector and this blurred image. What do I have to do in order to make it crisp? Write down an answer with out speaking. What do I have to do to focus the image?

19. T: OK, now what do I have to do?
20. S: You have to change the distance from the object to the lens

21. T: Change the distance, OK
22. Joanna:  Adjust the magnification. So that it makes the image clearer and this will make our eyes see it better.

23. T: Adjust the magnification. So let me ask this question.

24. Well, I turn the knob 
25. OK turn the knob. So there are two way to turn it so it goes up or down. Change the distance so which way .Which way do I turn it. Closer/further …Which one? Discuss it a and see if you could find out

26. S: trial and error. I really don’t know because you can’t tell if it’s too big or too small, too close or too far
27. T: I heard most of you saying, I don’t know ….you just do it. You will see it when it is right. So probably that’s what I would do. I would start turning it this way and if I saw it was blurred, I would turn it the other way and see what would happen (referring to the knob on the overhead projector)
28. So now we are going to look at this overhead projector as one optical device.
29. What this optical device does is make things bigger. That’s why I don’t just hold up this transparency. It makes this transparency bigger. Can you think of other technical devices that make things bigger?
30. I would turn it this way. If it got

31. What other optical devices make things look bigger
32. S: Magnifying glass

33. S: Binoculars make things bigger
34. T: Binoculars make things bigger

35. S: Telescope
36. T. A telescope makes things bigger

37. T: Now the microscope, telescope, binoculars are all very different than the overhead projector because when they make things bigger the whole class can’t see them. They’re not on the screen... Can you think of something that you can make bigger you can see it on a screen?
38. S: Slid projector, movie projector
39. T: Slid projector, movie projector. When you go to a movie those people are very, very big. So they’re all magnified

40. T: Is there any other optical device to make things smaller? …to image something so it’s smaller?
41. S:  When you want to make something smaller so you can see the whole thing and make it smaller. Like a big valley and you want to see the whole valley. You take a big picture make it look smaller.
42. E: What do you mean you take a big picture? With what?
43. S: With a camera

44. E. You use a camera, so we have things that make things smaller.
45. E. So we have telescopes, binoculars ….Can you think of a technology which takes thins and makes things them the same size?
46. S: Copier

47. E. What do you mean a copier?
48. S: A Xerox copier, 
49. E. Yea 
50. T: Here’s what we are going to do today is the following is… here is a candle and dangerous matches which you will handle with care. And the idea is that instead of having a big overhead projectors I’m going to give you will  a lens.
51. Take a piece of paper as a screen and see if you can get an image of the candle on the screen. But, I want you to get three different kinds of images. I want you to get a bigger image as if it were a slide projector, I want you to get a smaller image where it would be like a camera, or I want you to get one the same size as though it were a Xerox machine..

52. I’d like you to write down how you did those things. So, work in lab groups, two people to a candle and each lens. You have 15 min. for this task.l
53. Students:

54. Is that a larger image?
55. I don’t know

56. That’s smaller

57. There’s a smaller

58. How are you getting it smaller?
59. Are you turning it around?
60. This is closer

61. Don’t move the paper.

62. That’s bigger and bigger

63. How did you get it the same size?

64. Half the distance

65. You mean this is the same size?

66. Yes

67. Wouldn’t that be somewhere in the middle?

68. Is that the same size?
69. Halfway in between

70. Yea

71. T. Do you like that?  
72. S: No it’s not Focused

73. T: Well move it. Let me see it in focus. Show me again when you said it was larger, now hold on. What’s the problem? 
74. S: It’s not in focus

75. T: It’s not in focus. So what you need to do though is….show me when it’s smaller. 

76. S: So what if we move this…

77. T: Can you get that more in focus?

78. S: Do I move it back more?

79. T: I don’t know. You have to do that.

80. T:  That looked good. So when I asked for a smaller  image  like for a camera or a larger image I want them in focused, so you  to have to work on the focus  as well as the size. 
81. S: Do you just move it abound?

82. T: That’s what you have to find out.
83. Teacher Comment:

84. One of the students, you could see the benefits of inquiry by how she use the lens to try to figure out what was happening. If I had done it in the class, I would have known exactly how to hold the lens. I would have known exactly how to find the image and they would have all looked as if they had been watching TV. I would never think of turning the lens flipping a lens. I would never think of changing the orientation of the candle. And, yet the student did because she wasn’t sure,” Is this the way I it’s supposed to be?” And so, every time she tries something, she is learning something that she could not have learned, if I was controlling the apparatus.

85. S: Did you get it to change?
86. S: Yah, we got it to change?

87. S: For the larger image how did you get it?
88. S: For the larger image?
89. S: This closer to this?

90. S: And this further

91. T: So this is an interesting arrangement. What is going on here? You solved the problem. Tell me how you solved it.
92. S:   Well for a smaller image we had the lens really far away and the screen close to the lens.
93. T: The lens really far away? Really far away for the candle and
S: Further away from the candle and the and the paper closer.
94. Is that it? Show me. So this is smaller than that? 
95. T: Show me. So what do you do for the same size? And how about for bigger?

96. T: Do you like that? Can you get that in more focus?

97. T: So when I ask for a smaller image, you have to have it in focus.

98. T: And how about for bigger? 

99. S: For bigger If I had the lens closer to this  far away for the 
100. S: It seems like a convex mirror because if its furter away it’s smaller and if it’s closer it’s larger and if it’s equidistant it is the same size.
101. S: Did you get it straight? 
102. S: The lens really far away and the paper closer
103. T: Show me.  So this is smaller?  So what did you do for the same size? 
104. T: If it’s the same size? That’s the focal length This is equidistant…
105. How about for bigger?

106. S: The same size?

107. So say more, you think the
108. T: If it’s the same size…That was the mirror rule

109. S: When the mirror

110. Teacher Comment:

111. That group, right away they were making the jump to mirrors. They were saying these are images. We made images with mirrors. What do we know about mirrors that can help us to understand lenses.
112. What we did today was…vision probably has something to do with lenses.  Then we looked at an optical device using a lens. The question was how do we get this in focus. So by turning his knob. You had your candle, the lens and the screen. We have instead of the candle, the lens and the screen, we put a mirror here so the screen is over here so we can all see it that way.  But now when I turn the knob watch what happen to the lens? I moved it up but 
113. What am I doing? 

114. Watch what happens to the lens. What was I doing in terms of 

115. ********************
116. T: Oh, that doesn’t seem to work, and this does seem to work,

117. What am I doing there.

118. Well that doesn’t seem to work and this does seem to work. Moving the lens further back from the flame it’s kind of like moving the paper further away. So now the other part that we realized was that people use words like focal point, where did you hear some of this before?

119. Another way I could have focused it was I could have left the lens here and I could have done like this…Well that doesn’t seem to work. But, this does seem to work. What am I doing here?
120. S: Moving the lens

121. T: Moving the lens which way?
122. S: Moving the lens further away from the flame

123. T: From the Flame?

124. S: OH, It’s like moving the candle almost futrther
125. T: Candle, lens, screen… Candle, lens, screen
126. S: Moving the paper

127. T: SO it’s like moving the paper further away
128. It’s like moving the candle further away.

129. So now the other part we realized was…I heard people use words likes focal point, people noticed that to make the image the same the object distance had to be about the same. Where have you heard some of this stuff before? 
130. S: Mirrors

131. T: Great, and that’s where we are leaving off today.
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