
Chapter 13
Properties of Light

You now should be quite familiar with the general character and properties of light, but this sort of knowledge is only part of what physics is about. Physicists strive for a deeper understanding of the physical world than simple description will provide, and they seek to construct more abstract models of physical phenomena to obtain this deeper understanding. A model enables them to begin answering the more fundamental questions such as:


Why does light behave this way?


How will light behave in situations we cannot observe directly?


What is light composed of?

This sequence of chapters on optics will introduce you to almost all the properties of light, but as these properties are introduced you will see that we are also developing a model for light which can answer these more fundamental questions. This chapter introduces you in more detail to the phenomenon of reflection; in particular to the behavior of light when it strikes two common non-diffuse reflectors; plane and parabolic mirrors. In this chapter we will introduce a mathematical description of reflection which enables us to make predictions without actually running an experiment. You should also have the opportunity to verify the validity of these mathematical predictions in the laboratory.

If light simply bounced off of everything it encountered, our study of light would now be almost finished. Fortunately, light can penetrate into different substances which it encounters. (We say fortunately because many phenomena, like our vision, depend on light’s ability to penetrate.) So most generally, two things happen when light encounters a different substance. Some fraction of the light is reflected. The remainder of the light enters the new substance, but it also changes direction. We call this penetration and accompanying change in direction the phenomenon of refraction, and it is this phenomenon which we will also study in this chapter.

We will also study the lens, a most important focusing device which works the way it does because of refraction. The lens has numerous applications in everyday life: eyeglasses, magnifying devices, and cameras. In fact, there is a very excellent lens within each of your eyes.

Upon the completion of this chapter, you should be able to:
1.
given any two of the speed of light, distance, and time, determine‑the third.

2.
describe, using a ray diagram, how an image is formed in a simple camera.

3.
distinguish between the terms "size," "attitude," and "type," and to apply these terms to the image formed in a pinhole camera.

4.
state the Laws of Reflection, and to apply these in a ray diagram involving plane reflecting surfaces.

5.
given the position of an object relative to a plane mirror, locate the position of the image by means of a ray diagram.

6.
state five unique characteristics and properties of the images formed in a plane mirror.

7.
illustrate by means of a diagram at least two uses of a plane mirror.

8.
distinguish between regular reflection, and diffuse reflection, by means of a ray diagram.

9.
determine, by means of a ray diagram, the location of the images formed by two mirrors that are at right angles to 

10.
determine, by means of a diagram, the location of the images formed by two mirrors that are parallel to each other.

11.
given a diagram of a curved mirror, locate the following: twice the principle axis, principle axis, principle focus, focal plane, and focal length.

12.
describe a method for determining the focal length of a converging mirror, using a distant object.

13.
given the position of the object and the focal length of the mirror, state the attitude and type of the image formed by a converging mirror and a diverging mirror.

14.
given the position of the object, the focal length, and the center of curvature of a curved reflector, locate, on a diagram using at least two rays, the position of the image, and to state the characteristics of the image.

15.
illustrate, using a diagram, the defect called spherical aberration, and to state how it can be corrected.

16.
describe, using a diagram, how a converging reflector is used in any two of the following: a reflecting telescope, a solar oven, a spotlight, and a flashlight.

17.
explain, using a diagram, why a diverging mirror provides a wide field of view.

18.
locate, on a diagram, the incident ray, point of incidence, refracted ray, normal, angle of incidence, and angle or refraction.

19.
state the meaning of "index of refraction: in terms of the speed of light and in terms of Snell's Law.

20.
state the Laws of Refraction.

21.
predict the direction in which a ray will be refracted, given the relative optical densities or the indices of refraction.

22.
given any two of the speed of light in air, the speed of light in a‑medium, and the index of refraction, to determine the third.

23.
given any two of the index of refraction, the sine of the angle of incidence, and the sine of the angle of refraction, to determine the third.

25.
describe the conditions under which total internal reflection occurs.

26.
explain, using a diagram, everyday applications of the effects of refraction and total internal reflection.

27.
explain, using a diagram, an application of total internal reflection in an optical device.

28.
given a diagram of a lens, locate the following parts: principle axis, optical center, principle focus, focal plane, and focal length.

29.
describe a method for finding the focal length of a converging lens, using a distant object.

30.
given the position of the object and the focal length of a lens, locate on a ray diagram the position of the image, and to state the characteristics of the image.

31.
given the position of an object relative to a converging lens and focal length of the lens, state an application for the lens.

32.
locate the principle parts of a camera on a diagram, and to describe their functions.

33.
locate the principle parts of the human eye on a diagram, and to describe their functions.

34.
describe, using a diagram, the eye defects commonly known as farsightedness and nearsightedness, and to state the type of lens that is used to correct each condition.

35.
given the location of the lenses and their focal lengths on a diagram, to illustrate how an image is formed in: a magnifying glass, a spotlight, a projector, a refracting telescope, and a microscope.

