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Course Title: Groups and Graphs Course Code: MT2???
Prerequisites: MT1810, MT1820

Aims: One of the most significant developments in 20th century mathematics was the
influx of algebra into all parts of mathematics, including classical areas such as geometry
and number theory. The course introduces and gently develops the elementary theory of
two fundamental kinds of algebraic objects: groups and graphs. Groups, which measure
‘symmetry’, and graphs, which provide discrete models of ‘connectivity’, are ubiquitous
in modern mathematics and play an important role in cognate areas of computer science
and physics. The course places an emphasis on concrete examples.
Key aims of the course include:

• to provide an introduction to groups and graphs;
• to develop the skill of connecting concrete examples with general mathematical

concepts, and to practise algebraic reasoning.

Learning outcomes:
On completion of the course, students should be able to

• understand and apply the fundamental concepts of group theory;
• know basic examples of groups, subgroups and factor groups;
• recognise multiplicative and additive groups when they occur as automorphism

groups or as part of more complex structures such as rings or vector spaces;
• be able to recognise and to construct homomorphisms and isomorphisms;
• know and apply Lagrange’s Theorem;
• understand and apply the fundamental concepts of graph theory.

Course Content:
Groups: Definition of a group; basic examples of groups like cyclic groups, permutation
groups, matrix groups; basic properties of groups and of group elements, e.g. order
and (non-)commutativity; group homomorphisms and isomorphisms; conjugation; sub-
groups, cosets and Lagrange’s Theorem; normal subgroups and factor groups; generators
and relations.
Graphs: Definition of a graph; basic examples; elementary properties of graphs, e.g.
connectivity; early highlights such as the Handshaking Lemma; graph isomorphisms;
special graph classes, e.g. complete graphs, paths, cycles, planar graphs, trees; charac-
terisations of trees.
Connections between groups and graphs: Cayley graphs, automorphisms of graphs.

Teaching & Learning Methods: 33 hours of lectures and examples classes. 117
hours of private study, including work on problem sheets and examination preparation.
This may include discussions with the course lecturer if the student wishes.

Key Bibliography: Groups and Symmetry – M.A. Armstrong
A first course in Discrete Mathematics– I. Anderson

Formative Assessment & Feedback: Formative assessment in form of 8 problem
sheets. The student will receive feedback as written comments on their attempts.

Summative Assessment: Exam Four questions out of five in a two-hour paper: 100%.


