
  

 

TOPIC TEST 

AS and A- level  
FURTHER MATHS 
Graph theory 

 
 
Specification content coverage: DA1, DA2, DA3, DA5, DA6 

 

 
In this test you will be assessed on: 
• using the language of graphs 
• identifying or proving properties of a graph  
• Euler’s formula  
• understanding and using complete graphs and bipartite graphs 
• simple graphs, simple-connected graphs and trees. 

The test comprises two sections. The questions in section A will test you on the basics of the topic. 
Those in section B require a bit more thinking. 
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Section A: The basics 

 
 
1 (a)  Which of the statement below best describes graph G? 

Graph G 

Circle your answer. 

Eulerian semi-Eulerian Neither Eulerian nor  
semi-Eulerian 

       [1 mark] 
 
1 (b)  Redraw the graph G to show that it is planar. 

       [1 mark] 
 
1 (c)  Draw a subgraph, of G, with the minimum number of edges that contains a 

Hamiltonian cycle. 

       [1 mark] 
 
2   Draw the graph represented by this adjacency matrix. 

 A B C D 

A 0 1 2 0 

B 1 0 0 1 

C 2 0 0 1 

D 0 1 1 1 
 

       [2 marks] 
 
3   Draw a connected graph that has 1 vertex of degree 1 and 3 vertices of degree 3. 

       [1 mark] 
 
4   Draw all the essentially different trees with 4 vertices. 

       [2 marks] 
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5 (a)  A complete graph, H, has 4 vertices labelled A, B, C and D.  

What is the degree of each vertex? 

       [1 mark] 
 
5 (b)  List the different Hamiltonian cycles of H. 

       [2 marks] 
 
6 (a)  Draw a table to show the number of faces, vertices and edges on  

• a tetrahedron 
• a square-based pyramid  
• a cube. 

       [3 marks] 
 
6 (b)  What is Euler’s relationship and why does it hold for the numbers in your table?  

       [2 marks] 
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Section B: A bit more thinking 

 
7   Show that K2, n is planar for any value of n. 

       [2 marks] 
 
8   Explain why an Eulerian graph can only have vertices of an even degree. 

       [2 marks] 
 
9 (a)  How many edges are there on a complete graph with n nodes? 

       [1 mark] 
 
9 (b)  How many edges are there on the bipartite graph Km, n. 

       [1 mark] 
 
9 (c)  For what values of m and n is the bipartite graph Km, n  

(i) Eulerian? 

(ii) semi- Eulerian? 

       [4 marks] 
 
10 (a)  A simple graph, J, has four vertices and each of the vertices has the same 

degree d. State the possible values of d. 

       [1 mark] 
 
10 (b)  If J is connected, state the possible values of d. 

       [1 mark] 
 
10 (c)  If J is Eulerian, state the possible values of d. 

       [1 mark] 
 
11   The number of vertices in a connected planar graph is one greater than the 

number of edges.  

Prove that the graph is a tree. 

       [3 marks] 
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