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Types of Light
Our goal for today is to understand what sort of processes create the different colors
of light. We know already that the wavelength of a wave tells us approximately
what size of thing that wave can interact with. We know that the wavelengths of light waves are very small
once we get to the infrared range and higher, and that the energy it takes to make that wave also increases as
the frequency gets bigger. What could be small enough and powerful enough to make such waves?

In order to understand this, we need to do a quick review of the physical chemistry you studied in seventh
and eighth grade:

Knowing about atoms and molecules gives us a rough idea of what kinds of effects a given wavelength of
light can have:

Radio waves are too big to affect an individual atom, but they can cause electrons to move in
antennae.
Infrared, and some of the higher levels of microwaves, relate to the motion of molecules. High
frequency microwaves can cause molecules to flip back and forth. Infrared light comes from heat, the
vibration of molecules.
The movement of electrons within an atom can release light with a smaller wavelength, in the
infrared, visible, or ultraviolet range. Light in this range can break molecules, which is why ultraviolet
light is dangerous.
The most energetic rays, gamma rays, are produced only by transformations within the nucleus of an
atom - what we call "nuclear" reactions.

. 1 A microwave oven cooks by vibrating water molecules, which makes them rub against each other,
producing heat. Why is this faster than cooking with infrared light, which produces heat directly?



. 2 AM radio frequencies range from 500,000 - 1,700,000 Hz. The number of the station is in thousands
of Hz. So, for example, AM-1000 would be a million hertz.

a) What is the wavelength of a 1,000,000 Hz AM radio wave?

b) To transmit a radio signal, a typical antenna needs to be 1/4 of a wavelength long. How long an
antenna must this radio station have?

c) Mr. Z.'s neighbor is an amateur radio operator. He has a 15 m long antenna behind his house. What
frequency is he probably transmitting at?

d) FM radio frequencies are given in millions of hertz; FM-100 is 1×108Hz. Do you think it is more
expensive to set up an FM station or an AM one? Which do you think is more expensive to run?

. 3 Some of the frequencies of light coming from the sun are absorbed by ozone molecules in the upper
atmosphere, causing the molecules to break apart. What sort of light do you think is absorbed in this
way? Why?

. 4 Suppose that you are standing near a light that has a wavelength of 1×106 m. What type of light is
that? What will you feel or see?


