
Mathematics of Cartography

Cartography is the science of map making.  A map is a scale drawing containing a set of points, lines, and areas that define their positions relative to a coordinate system.  When making maps cartographers must use many different mathematics topics simultaneously.  Some of these topics include: 1) Geometry (points, lines, areas, coordinates, etc.), 2) Scale (scale drawings), 3) Coordinate systems, and 4) Ratio and proportion.  This instructional component will briefly highlight how these mathematical topics are applied in cartography.

Geometry

Maps are applied coordinate geometry.  You can represent points, lines, curves, and areas that are in the real world on paper using a dilation (shrink).  It is critical that the map be similar to the thing it is representing for it to be an accurate representation.
Scale

The scale on a map is the relationship between the distance on the map and the actual distance on the earth as a relative fraction (RF) or ratio. It will look something like 1:25000.  This means that one unit of measurement on the map will equal 25000 of the same units in the real world.  It doesn’t really matter what the unit is as long as you realize that it has to be the same for the map and in the world.  


There are large scale and small scale maps.  Large/small scale refers to the size of the relative fraction of the scale.  Large scale maps have a scale of 1:24000 and larger fractions (smaller 2nd denominator).  Small scale maps have a scale of 1:250000 and smaller (larger 2nd denominator).  A good way to think about scale is if the fraction is closer to 1 then the map is more detailed.
Coordinate systems

Coordinate systems on a map are how you are able to find a specific location.  Map coordinate systems are not all that different from the Cartesian coordinate system.  In fact on flat maps the Cartesian coordinate system is widely used.  On the earth, locations are stated by using latitude and longitude in terms of an angle measure expressed in degrees, minutes, and seconds.  Latitudes or parallels run east to west and begin with 0 degrees at the equator and increase to 90 degrees at the poles. The angles of latitude increase to the north and south on opposite sides of the equator.  Longitudes or meridians run north to south and begin at the prime meridian  with the angles of longitude increasing to 180 degrees east or west (half way around the globe).  On the earth one degree of latitude is approximately 70 miles.  One minute of latitude is a little bigger than a mile and a second is approximately 100 feet.  Since latitudes are parallel a degree is always constant.  The length of a degree of longitude varies from about 70 miles at the equator to zero  miles at the poles because meridians are not parallel, but all intersect at the poles.  
Ratio and Proportions

The map is a proportional representation of the real world.  The scale on the map will be in the form or a ratio that is the scale factor between the world and the map representation.  Every distance will correlate to that scale factor.  This means that given the scale factor (ratio), you can measure a distance on the map and set up a proportion to find the actual distance in the world.
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