Part 1:      WAVES
One of the most important areas of the science known as physics is the study of waves.  Throwing a rock into a quiet pond can create a common example of waves that is easy to see.  After the splash, small waves, or ripples, move outward from the point where the rock hit the water.  These waves propagate, or move on their own, outward.  They move at a seemingly constant speed until they reach shore or just fade away.  If you were to watch a leaf floating near the shore you would see it move up and down as the ripples pass under it.  If the leaf is moved, that requires energy.  These ripples demonstrate some key features of waves:

1. Waves require energy to be created.  In this case, the source of the wave energy was kinetic energy from the rock.

2. Waves can carry energy.  In a sense, some of the kinetic energy of the rock was given to the leaf after being carried by the waves.
3. Waves propagate on their own.  While the rock falls to the bottom and sits there, the waves move outward after they are created with no additional push required.

ELECTROMAGNETIC WAVES
If a charge is moved, it creates a disturbance in space somewhat like the rock disturbs the surface of the pond.  This movement of charge creates waves and these waves move outward from the disturbance on their own – they propagate.  The energy that was used to move the charge is carried outward by the waves.  Waves created by the movement of charge are called electromagnetic waves.  All electromagnetic waves travel at the same speed – “the speed of light” – 300 million meters per second (300 000 000 m/s or 3 x 108 m/s).

ACTIVITY 1-1:

Scientific Notation and The Speed of Light
ACTIVITY 1-1A:

Scientific Notation on the Calculator

While all electromagnetic waves travel at the speed of light, visible light is only one example of electromagnetic waves.

THE ELECTROMAGNETIC SPECTRUM
Different types of electromagnetic waves have different wavelengths, frequencies and energies.  High-energy electromagnetic waves have high frequencies and short wavelengths.  Examples of high-energy electromagnetic waves are gamma rays and X-rays.  These waves arise from charge movements in the nucleus of the atom.

Charge movements of the electrons in the atom produce lower energy electromagnetic waves.  Visible light, ultraviolet and infrared are examples of this type of electromagnetic waves.  Visible light is the only type of electromagnetic wave that we can see.  Other types of electromagnetic waves are not visible, but may be harmful to our eyes.  Ultraviolet and infrared are two types that can harm our eyes.

Even lower energy electromagnetic waves are created by charges moving back and forth in wires.  These are radio waves.  Radio waves have wavelength that range from less than a meter to many kilometers (and even longer).  Radio frequencies range from less than a thousand hertz (kilohertz, kHz) up to many million hertz (megahertz, MHz).  Radio waves can also be created when charge moves without a wire - as long as the charges move.  

4. Commercial radio stations create radio waves by moving charge up and down in a tall antenna.  The frequency of the waves produced is the same as the frequency that the charge oscillates (moves up and down) in the antenna.

ACTIVITY 1-2:

Wavelength and Frequency
5. Radio signals are created naturally any time charged particles move.  On Earth, lightning is an example of a natural radio source.  As charged particles move in a lightning bolt, radio signals are created that can be received by radio and television receivers,  If you have ever heard static as the result of nearby thunderstorms, you have heard the natural radio signal produced by lightning.

6. On Jupiter, radio signals are created as charged particles move down Jupiter's magnetic field lines.  A source of charged particles near Jupiter is the innermost moon, Io.  Io is volcanically active and this results in a cloud of sulfur atoms being shot into space. Ultraviolet light from the sun has enough energy to remove an electron from the sulfur atom.  Since Jupiter has a strong magnetic field, the electrons move along the magnetic field lines and spiral their way down toward Jupiter's poles.  This is an example of charge moving without a wire to carry the charge.  The result is radio signals from Jupiter.

7. The frequency of the radio waves emitted is the number of times the electron rotates around the magnetic field line each second as it spirals up or down the magnetic field line.  This frequency depends on the kinetic energy of the electron and this energy varies over a wide range.  Jupiter is called a “broad band” radio source because the natural radio signals have a wide range of frequencies. The upper limit of frequency for Jupiter radio signals is limited by the maximum strength of the magnetic field before the field penetrates Jupiter's cloud tops - about 40 MHz.  The lowest frequency that can be detected on Earth from Jupiter is determined by the lowest frequency that can penetrate Earth’s ionosphere and reach the surface – about 8 MHz.  The signals that can be detected on Earth range in frequency from 8 MHz to 40 MHz.  

ACTIVITY 1-3:

Jupiter Radio Signals
