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The four-color theorem was first theorized in 1840 by a man named August Ferdinand Mobius.  In 1853 Francis Guthrie began to analyze this theorem and became perplexed as to the correctness of having to use only four colors when shading a map.  Guthrie, it is said, wrote a letter to his brother Frederick, who was a student at the University College in London.  Frederick immediately took the problem to his professor Augustus DeMorgan.  DeMorgan concluded that he could not find the solution to the four-color theorem.  Facing defeat DeMorgan wrote to Sir William Rowan Hamilton.  Hamilton, a contributor to graph theory, hastily answered DeMorgan claiming that it would take too much time for a solution to be reached.   The difficulty of the four-color theorem is apparent, considering the great mathematicians listed above that were unable to even conceive a plausible solution to the theory.  However, some great discoveries were made that contributed to the development of the four-color theorem.  Guthrie discovered that any map in a plane can be colored using at most four colors.  He discovered that the map had to contain parts with common boundaries, and that the map could be colored in such a way that no region bounded by another region shared the same color.  He did add that the regions could share a common point, much like the graph below.  
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Though Guthrie conjured up this notion, it was not officially noted and written until 1878 by Arthur Cayley.  The four-color theorem was put into writing, but the actual proof for the theory was non-existent for many years.  Kempe, in 1879, and Tait, in 1880, both conjured up false proofs to the four-color theorem.  Tait’s proof was proven false by Petersen in 1891.  Kempe’s proof was held as accountable for approximately a decade until it was proven false by Heawood.  Heawood disproved Kempe’s proof using an eighteen faced map.  Heawood went on to provide several facts to contribute to the study of the four-color theorem, but he had difficulty, along with many others, reducing the number of colors all of the way down to four.  However, in 1977, Kenneth Appel and Wolfgang Haken created a computer program that was able to provide a proof for the four-color theorem.  The program took about 1200 hours to run and is several thousands of lines long.  Mathematicians have begun to sift through the program, but they have found only minor errors that were easily corrected and did not adjust the outcome of the proof.  

The four-color theorem, as can be seen by the above evidence, was very difficult to prove.  In addition the proof had to be completed using computers, not human minds.  It is very intricate and time consuming.  It does, however, break down into more simplistic graphs.  The graph below demonstrates the basic terms of the four-color theorem.  
[image: image2.png]B




The graph on the left can only be shaded using at least four colors.  It would be impossible to shade all regions of this graph a different color without having to shade regions sharing a common boundary.  Four is the least amount of colors necessary in completing this graph.  The diagram on the right again must use at least four colors in order to shade all components that are non-connected a different color.  The four-color theorem, in summary, states that any graph in a plane can be shaded using at most four colors.  This means that one, two, or even three colors could be sufficient for some types of graphs.  The picture on the left, depicted below, shows that three colors are sufficient in shading the diagram.  However, the graph on the right is an example of adding an extra vertex.  When adding an extra vertex, like the graph below, that joins all other vertices, it is necessary to incorporate a new color into the scheme.
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DeMorgan, although he was not able to conjure up a valid proof for the four-color theorem, still revealed that four colors are sufficient for any graph or map in a plane.  For example DeMorgan took the below triangle to prove his theory.  
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DeMorgan concluded that the above diagram had four separate regions, in which one region was isolated from the three interior regions.  DeMorgan claimed that if a fifth vertex should be added to the diagram, only three of the four vertices would be able to connect to this new vertex.  One of the vertices would be blocked from the vertex, and therefore the graph would be incomplete.  With the graph above, the vertex outside of the graph would be connected to the top vertex along with the vertices on the left and right, but it could never be connected to the vertex in the middle.  

Though the four-color theorem might seem quite basic with the graphs outlined thus far, it does become quite a bit more difficult.  In the diagram below, a vertex has been left unshaded, and it seems as if a fifth color might be required.  However, when transposing the graph, colors can be rearranged so that the cluster of four is not of four distinct colors, but rather three.
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The cluster of 2, colored blue and yellow, at the bottom of the diagram can be interchanged.  When doing this the blue vertex beneath the vertex in question becomes yellow.  With this switch the questionable vertex can be blue.  Hence the four-color theorem stands.  


When thinking of the four-color theorem from an algebraic standpoint, values can be assigned to each vertex and placed into an inequality.  The inequality is necessary since none of the four vertices can have the same value, or color.  For example, four vertices are assigned the values of a, b, c, and d.  Next a value u is assigned to each vertex so that f(u)=0.  Following this the polynomial f is defined as:
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Next we find all of the combinations possible between two vertices of the four total vertices.  Doing this it is possible to conjecture that g(uv)=0 and the polynomial of g is:
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The equation g(uv)=0 is satisfied only if u and v have distinct values from the set of the original vertices {a,b,c,d} (http://www.mathpages.com/home/kmath266/kmath266.htm).


A vast amount of research has been invested into the discovery of a proof of the four-color theorem that can be deduced by a human hand.  Thus far only computers have been able to crack the code.  However, this has not kept mathematicians from pursuing a better way to go about explaining the four-color theorem and its validity in everyday life.  Many theorems have been adapted, and in these theorems, no falsehood has come to show that the four-color theorem is not valid.  The complexity of the four-color theorem is evident while searching for resources.  However, the basics of the thought can be attributed back to Guthrie, who coincidentally, the four-color theorem was named after.  It is also referred to as Guthrie’s problem.  The vast amount of time and energy exerted by DeMorgan gives a more basic sense of the four-color theorem.  Though the four-color theorem seems to be all business and no play, some mathematicians have found a way to incorporate humor into mathematics.  Martin Gardner, in 1975, claimed that the picture below could not be shaded using only four colors.  However, he made this claim on April Fool’s Day.  In fact the picture is four-colorable and was proven so by Wagon in 1998.
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