
Solutions from Excursions in Modern Mathematics Instructor’s Solution Manual 

Applied Finite Math 
Trees Graded Assignment Solutions 
 
50.  a.    2N – 2:  A tree with N vertices has N – 1 edges, and, in any graph, the sum of the degrees of all 

the vertices is twice the number of edges. 
 

b. Let v be the number of vertices in the graph, e the number of edges, and k the number of vertices 
of degree 1.  Recall that in a tree v = e + 1 and in any graph the sum of the degrees of all the 
vertices is 2e.  Now, since we are assuming there are exactly k vertices of degree 1, the remaining 
v – k vertices must have degree at least 2.  There for the sum of the degrees of all the vertices 
must be at least k + 2(v – k).  Putting all this together we have 2݁ ൒ ݇ ൅ 2ሺݒ െ ݇ሻ ൌ ݇ ൅
2ሺ݁ ൅ 1 െ ݇ሻ, 2݁ ൒ ݇ ൅ 2݁ ൅ 2 െ 2݇, ݇ ൒ 2. 

52.  a.   If R = 0, then M = N – 1 (the number of edges is one less that the number of vertices).  So, the 
network is a tree. 

b. If R = 1, then M = N (the number of edges is the same as the number of vertices).  So, the network 
is not a tree.  From the definition of a tree, there must be at least one circuit.  Suppose the graph 
had 2 (or more) circuits.  Then, there would be an edge of one of the circuits that is not an edge of 
another circuit.  Removing such an edge would leave us with a connected graph with the number 
of vertices being one more that the number of edges (i.e. a tree).  But this tree would have a 
circuit.  This is impossible, so there cannot be more than 1 circuit. 
 

c. The maximum redundancy occurs when the degree of each vertex is N – 1.  In that case (a 
complete graph), the number of edges is ሺܰ െ 1ሻ ൅  ሺܰ െ 2ሻ ൅ ڮ ൅ 3 ൅ 2 ൅ 1.  So ܴ ൌ
ሺܰ െ 1ሻ ൅ ሺܰ െ 2ሻ ൅ ڮ ൅ 3 ൅ 2 ൅ 1 െ ሺܰ െ 1ሻ ൌ ሺܰ െ 2ሻ ൅ ڮ ൅ 3 ൅ 2 ൅ 1 ൌ ሺܰଶ െ 3ܰ ൅
2ሻ/2. 
 

54. The minimum spanning tree consists of the following edges (produced exactly in this order by 
Kruskal’s algorithm):  C4C7, C3C6, C1C8, C1C2, C2C5, C2C6, C8C9, and C7C9. (The total cost is 15 
million dollars). 
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