
Chapter 14
Waves and Light

We saw in the last chapter that the behavior of waves on springs or ropes was analogous to the observed behavior of light in many circumstances. However, that model using springs was very limited. Since many of the phenomena we observe with light are two-dimensional in nature, we need a wave model for light that extends to two dimensions, and will use a very common phenomenon – water waves – as the basis for our model.

We will compare this water wave model to the actual behavior of light and discover that the model does an excellent job of predicting reflection and refraction. We also observed that water waves “bend” around edges of barriers – a phenomenon called diffraction. Careful examination of the behavior of light shows that light also exhibits the effect of diffraction which is not ordinarily seen by the naked eye. And having pretty well established that light does indeed behave like a wave, we will obtain an estimate of the “size” of light waves. 

We will also look at another effect found in water waves – interference and try to find a way to see if we can detect the phenomenon of interference of light.

At this point you might be inclined to ask, where is all this seemingly endless comparison between water waves and light leading? The answer to this question has three parts.


1.
It is leading to a complete explanation of the character of light.


2.
It is providing us (whether we realize it or not) with an understanding of all aspects of light behavior.


3.
Since waves are important and interesting in themselves, it is providing us with important insight into wave behavior.

Upon the completion of this chapter, you should be able to:

1.
illustrate, using a diagram, how the wave theory explains the reflection, refraction, partial reflection and refraction, and total internal reflection of light.

2.
describe an experimental way of demonstrating the diffraction of light.

3.
explain why light of different colors must have different wavelengths, using the properties of diffraction or dispersion.

4.
compare, in detail, the properties of water‑wave interference with those of light‑wave interference, explaining the destructive interference of light.

5.
explain, using the wave properties of light. why the sky is blue.

6.
explain why most of the ultraviolet radiation from the sun is "filtered" by our atmosphere.

7.
explain the phenomenon of polarization, referring to the transverse properties of light waves.

8.
explain one application of the polarization of light.

9.
summarize the properties of light that are explained by the wave model, and to point out any deficiencies of that model.

10.
locate, in ascending order of frequency. the positions of the following electromagnetic radiations: X‑rays, visible light radio waves, gamma rays, ultraviolet light, cosmic rays infrared light, microwaves, and television waves..

11.
given either the change in distance or the fractional change in the intensity of an electromagnetic radiation, predict the other.

12.
describe, using a diagram, the dispersion of white light by a prism.

13.
describe two methods for recomposing the colors of the spectrum to form white light.

14.
given the color of the incident light and the color of a transparent filter or surface, predict the color that will be received by an observer.

15.
describe how the Additive Theory of Color might be applied in color television and on a stage or in a film studio.

16.
distinguish between infrared light, ultraviolet light, and visible light.

17.
describe, using a diagram, how dispersion and internal reflection occur in a single raindrop.

18.
illustrate how chromatic aberration is produced by converging lenses.

19.
describe how a spectrometer is used to identify an unknown compound.

