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Electromagnetic Spectrum
As you might have realized from the problems on yesterday's homework, when we
talk about light we aren't just talking about light that we can see. Other things, like
radio waves and X rays, are also types of light; they just happen to be frequencies of light that are outside of
what we 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.

. 1 In astrophysics, which is the study of planets, stars, galaxies, and other cosmic-scale objects, we use
the 21-cm wavelength emissions of hydrogen to map out the density of this gas in the space between
stars.

a) What is the frequency of this light? Note that you have to convert the wavelength to m.

b) Where on the spectrum does it lie? Why does this help make it easy for astrophysicists to observe?



. 2 Some of the "snow" you see on a television that isn't tuned to any channel comes from cosmic
background radiation, thermal radiation left over from the Big Bang. Its peak frequency is around
1.6×1011 Hz.

a) What wavelength is that?

b) Where on the spectrum is the cosmic background radiation?

. 3 Objects tend to emit wavelengths that are roughly the same size as they are. This is a familiar idea
when dealing with sound; a big, tall person can sing a lower note than a smaller person, and elephants
and whales can sing lower than us all.

a) The electron cloud around a neon atom has a diameter of about 1.4×10-7. About what wavelength
will those electrons in their various transitions emit? Where is this on the spectrum?

b) The nucleus of an atom is much smaller, about 1×10-14m. About what frequency would you expect
to be emitted from transitions in the nucleus? Where in the spectrum is this?

. 4 "Radar" is used to detect objects by the reflection of radio waves from it, just as sonar, used by bats,
dolphins, and submarines, detects reflection of sound waves. Police radar guns have a frequency of
24×109.

a) What wavelength is that?

b) Would a police radar gun be able to clock the speed of a bullet? Why or why not?


