
Light Notes
Light is a type of wave that is an oscillation of magnetic and electric fields, rather than an oscillation of
some physical object like all the other waves we have studied. This is useful because it means that light can
travel through space, unlike sound (movies where you hear explosions in space are bogus). Light is
produced by oscillation of charge, and can make charges oscillate.

As with any wave, light's wave speed ("c") makes a relationship between its wavelength and frequency.

The Electromagnetic Spectrum

Light can exist in a stunning range of frequencies. The whole possible range of light frequencies is called
the electromagnetic spectrum. Scientists have broken it down into smaller ranges based on what type of
things create light at that frequency, or what light at that frequency can do. For example, light with a
frequency between 5×1014 and 7×1014 Hz is "visible" light because these are the only wavelengths that
human eyes can see.

Radio
3×105 -
3×109 Hz

AM radio, FM radio, Television
Long wavelength and low frequency make radio able to travel long distances without dying
out, and allow radio waves from space to penetrate the atmosphere.

Micowaves
3×109 -
3×1011 Hz

Wireless phones, high voltage wires, microwave ovens
The frequency of a microwave oven is the frequency that a water molecule likes to oscillate
at. It produces heat by spinning water molecules.

Infrared
3×1011 -
5×1014 Hz

Heat radiation from vibration of molecules
An object emits light at a frequency determined by its temperature. Most temperatures we
encounter are in the infrared range of emission; hotter objects are glow with visible light.

Visible
5×1014 -
7×1014 Hz

Red, Orange, Yellow, Green, Blue, Indigo, Violet
Our eyes are adapted to these frequencies in part because this one narrow band of the
spectrum can make it through the atmosphere. Some animals and insects can see infrared.

Ultraviolet
7×1014 -
3×1016 Hz

Sunburn, skin cancer
The ozone layer blocks nearly all the UV light from the sun. It's a good thing is does: the sun
emits enough UV to sterilize the planet.

X-Rays
3×1016 -
6×1019 Hz

Medical X-rays, various cataclismic cosmic events
The first Nobel Prize in physics was awarded to Wilhelm Röntgen for the discovery of X-rays.

Gamma
Above
6×1019 Hz

Nuclear reactions and various cosmic processes
Gamma rays are extremely damaging to living things. They are the primary danger from
nuclear fallout.

Since the frequency increases as you go down the table, the wavelength must decrease. Radio waves can be
miles long; millions of visible light waves can fit along this page. As with sound, lower frequencies tend to
last longer and travel further. However, at the other end, gamma rays and x-rays can penetrate most things
because they are so energetic that most matter is afraid to absorb them.



Long wavelengths, as with sound, tend to be produced by large object, and absorbed by large objects. This
is why it takes a long antenna to transmit or receive radio, while visible light is small enough to be produced
and absorbed by atoms.

Another trend is that higher frequencies are produced by more fundamental changes in matter, and can cause
more drastic changes in matter. Radio waves are related to electric current, a trivial drift of electrons that
hardly effects the structure of matter at all. Thermal motion of molecules is related to the slightly higher
bands, microwave and infrared. Visible, ultraviolet, and x rays result from changes within an atom, electrons
being rearranged; light starts to be dangerous at these frequencies because it can break molecules, rather
than just shaking them. Finally, gamma rays are produced primarily by nuclear reactions, the breaking of
atoms.

Thermal Radiation

Every object is constantly emitting radiation due to the
thermal motion of its molecules. This emission covers a
broad range of wavelengths, but the peak emission happens
at a wavelength given by .0029 divided by the temperature
in Kelvins:

For most everyday temperatures, this gives light in the
infrared range. As the temperature increases, the
wavelength gets smaller, so the frequency is larger. An
object needs to be at about 400 °C (673 K or 752 °F)
before its glow is visible.

The table at the right gives a more detailed look at what
the wavelengths and frequencies of different colors of light
are.

Light Energy

Light waves are packaged up into units called "photons," the "particles" of light. The energy of a photon is
dependent on its frequency:

In general, things that happen on smaller scales tend to produce smaller wavelengths, and thus faster
frequencies. They also tend to be more fundamental changes in matter, and thus to have more energy.

Within an atom, electrons orbit around a nucleus of tightly packed protons. The electrons can only be at
certain distances from the nucleus, and thus certain depths in the potential well of the nucleus. The different
orbit radii relate to different modes of standing wave that the electron can be oscillating in. When an
electron is kicked up to a higher mode and then drops back down, it emits a photon with a very specific
energy equal to the difference between these energy levels. So, if I look at the spectrum of hydrogen, I see
that it emits a very specific frequency of red light, another frequency of blue-green light, and two of violet
light. The photon energies for these four colors correspond to the energy an electron has to give up to drop
from the mode 3, 4, 5, or 6 standing wave distance down to the mode 2. Even greater energy, in the
ultraviolet band, is lost if the electron drops to the mode 1, the lowest possible potential energy.


