What is Earthquake Magnitude?
Quick answer:

Geologists measure the seismic energy released by an earthquake using a magnitude scale.

Each earthquake releases a certain amount of the energy that was built up along the fault plane.  Although the effects of the ground shaking vary with distance from the earthquake epicenter, the amount of energy released by the earthquake is a single value that can be calculated from the seismic waves in several different ways.  This exercise is about understanding how geologists measure that energy release.
The Richter Scale

The most famous contribution of Dr. Charles Richter to the science of seismology was to recognize that the magnitude of an earthquake could be estimated using seismic waves.  Richter found that the more ground motion being recorded by the seismograph, the larger the actual energy release by the earthquake.  He calibrated the maximum amplitude of the earthquake waves using a specific kind of seismograph, the Wood-Anderson seismograph, in southern California.  The Richter Magnitude is given by the equation:

ML = log10A + [correction factor]

The Richter Scale only really applies to earthquakes occurring in southern California because it depends on the instrument and region.
Moment Magnitude

A standard magnitude scale that is based only on the movement of a fault is more useful because it is independent of instrument or local setting.  If we think about an earthquake as two plates slipping past each other, we can assign a value to the energy relased by applying the concept of torque from physics.  A simple equation gives the moment of the earthquake, based on the concept of torque:
Moment = [Rock Rigidity] x [Fault Break Area] x [Fault Slip Distance]

Mo= m x A x d
The units of moment are in “dyne-cm”.

The units are awkward because they very quickly become very large, so we use the idea of moment magnitude instead.
There is a standard way to convert the seismic moment value (dyne-cm) into a moment magnitude 

Mw = 2/3[log10 M0 -16.0]

The moment magnitude scale is easier to write and is more often used to report about earthquakes.

Understanding Magnitude Scaling

As you have seen, the earthquake magnitude scales are based on logarithms.  This means that energy release, hence the potential amount of ground shaking and destructiveness, becomes much greater for smaller increases as the numbers get large.  Therefore at the high end of the scale, the size difference between earthquakes of magnitude 7.8 and 7.9 may be very large.  How much larger?
We will explore this difference using maps to equate distances over the ground to the size differences between earthquakes.

Below is a list of well known earthquakes and the magnitudes determined for each.

Magnitude
Date
Location
9.5

1960
Chile
(largest earthquake recorded)

9.3

2004
Sumatra

8.1

1811
New Madrid, MO

8.0

1812
New Madrid, MO

7.8

1906
San Francisco, CA

7.3

1886
Charleston, SC

6.7

1994
Northridge, CA

6.1

2002
Hindu Kush, Afghanistan

5.0

yearly
typical annual Southern California earthquake

3.0

yearly
typical annual South Carolina earthquake
Procedure:
Perhaps the easiest way to develop an intuitive understanding of the relationship between magnitudes is to relate them to something that you already understand.  In our case, you will scale magnitudes to distances to compare how large earthquakes are.
Our conversion will be

Millimeters = 10 Mw 
For example:

 a moment magnitude Mw = 4 earthquake would be equal to 104 mm = 10,000 mm.
 You will want to convert millimeters into meters or, better yet, kilometers
1) Calculate the distance for each of the earthquakes in the table above.  Write down the distance along with the units that you used. This gives you the distance covered if the magnitude were rolled out on the ground.  
2) Use the maps provided, starting at the center of the USC campus at Sumter and Green Streets and measuring east, find the nearest landmark to your measured distance.  It can be a street intersection, building, or another city depending on your map scale.

3) Now compare the difference between a Mw 9.3 and 9.5 earthquake to a Mw 3.0 and 5.0 earthquake.  Write a short paragraph explaining the size difference, given our analogy of moment magnitude to distance, and explaining how to judge the size difference between two earthquakes in your own words.
