
UNIVERSITY OF KENT

SCHOOL OF MATHEMATICS, STATISTICS AND ACTUARIAL

SCIENCE

MODULE SPECIFICATION FOR MA577

1. The Title of the Module: Elements of Abstract Analysis (MA577)

2. School Responsible for Management: SMSAS.

3. The Start Date of the Module: September, 2010

4. Cohort of students (onward) to which the module will be applicable: 2008

5. The number of students expected to take the module: 25

6. Modules to be withdrawn on the introduction of this proposed module and con-

sultation with other relevant Departments and Faculties regarding the withdrawal:

None.

7. The Level of the Module : Honours [H]

8. The number of credits which the Module Represents: 15

9. In which Term(s) the Module is to be Taught: Autumn

10. Prerequisite and co-requisite modules: Analysis (MA552), Linear Algebra (MA553). At-

tendance at Mathematical Techniques and Differential Equations (MA588) is desirable.

11. The Programme(s) of Study to Which the Module Contributes: Third-year and fourth-

year students registered for the following degrees: Mathematics (BSc), Mathematics and Statis-

tics, Financial Mathematics, Mathematics and Accounting & Finance, Mathematics and Com-

puter Science, Mathematics and Management Science.

12. The Intended Subject Specific Learning Outcomes and, as Appropriate, Their Re-

lationship to Programme Learning Outcomes: On successful completion of the module

students will:

(a) be able to work with fundamental concepts in analysis and metric spaces including, Cauchy

sequences, compactness, completeness, inner-product spaces, and complete orthonormal

systems; (A1,A4,B1,B4,C1)
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(b) have a grasp of formal definitions and rigorous proofs in analysis; (A1,A4,A5,B1,B4)

(c) have gained an appreciation of a wider context in which previously encountered concepts

from analysis can be used; (A4,B3,C2)

(d) be able to apply abstract ideas to concrete problems in analysis; (A4,B2,B3,B5,C1,C2,C4)

(e) be aware of applications of basic techniques and theorems of metric spaces and analysis in

other areas of mathematics, e.g., approximation theory, and the theory of ordinary differ-

ential equations (A4,B2,B3,B5,C1,C2).

13. The Intended Generic Learning Outcomes and, as Appropriate, Their Relationship

to Programme Learning Outcomes: We expect students successfully completing the module

to have

(i) an enhanced ability to correctly formulate abstract problems and solve them efficiently;

(A4,A5,B1,C1,C2)

(ii) enhanced skills in understanding and communicating mathematical results and conclusions;

(B2,B4,C2,C4,D1)

(iii) furthered a holistic view of mathematics as a problem solving and intellectually stimulating

discipline; (A1)

(iv) an appreciation of the power of abstract reasoning and formal proofs in mathematics and

its applications (A1,A5,C4)

On completion of the module students will have:

• matured in their problem formulating and solving skills; (B1,B2,B3)

• enhanced their ability to apply abstract methods and theorems from analysis in a wide

context (B4,B5).

14. A synopsis of the Curriculum In this module we will build on the key analytical concepts of

sequences, series, limits, and continuity developed in MA552, and place them in the more general

context of metric spaces. In the first part of the course fundamental notions of metric spaces,

such as compactness and completeness, are discussed. Metric space theory underpins much of

modern analysis and its applications. In the second part of the course we use the techniques and

theorems from metric spaces to discuss elements of Hilbert space theory. The course emphasizes

formal definitions and proofs, and aims to enable you to place your previous knowledge of analysis

in a much wider context. The syllabus will be taken from the following topics:

Metric space theory

• Definitions and examples of metric spaces, normed spaces, inner-product spaces.

• Balls, boundedness, open and closed sets.

2



• Convergence, Cauchy sequences, completeness, and equivalence of metrics.

• Completion of a metric space, uniform convergence, and exchanging limits.

• Incompleteness of the space of Riemann-integrable functions under Lp-norms, and an in-

formal discussion of its completion, i.e., Lp-spaces. The space of continuous functions and

supremum norm.

• Limit points, closure, boundary, separability, density.

• Banach contraction mapping theorem; applications to ODE theory (Picard’s theorem),

and/or integral equations.

• Continuity in metric spaces, uniform continuity, and continuity of linear mappings.

• Compactness, sequential compactness, Heine-Borel, Non-compactness of balls in infinite

dimensional normed spaces.

• The spaces of continuous functions C(X) on a compact metric space X, and the Weierstrass

approximation theorem.

Basic Hilbert space theory

• Definitions and examples of inner-product spaces, Hilbert spaces, Cauchy-Schwarz inequal-

ity, parallelogram identity, ℓ2 and L2([a, b]).

• Orthogonal complements and orthogonal projections.

• Orthonormal sets and Gram-Schmidt orthogonalisation.

• Examples of orthogonal polynomials, e.g., Legendre polynomials and/or Chebyshev poly-

nomials.

• Complete orthonormal systems, Bessel’s inequality, Parseval’s theorem, and the Riesz-

Fisher theorem.

• Trigonometric series and L2 convergence.

15. Indicative Reading List: Books:

Introduction to the Analysis of Metric Spaces, J.R. Giles, Australian Mathematical Society

Lecture Series, Cambridge, 1987.

Beginning Functional Analysis, Karen Saxe, Springer, 2002.

Introductory Functional Analysis with Applications, Erwin Kreyszig, John Wiley, 1978.

Principles of Mathematical Analysis. Walter Rudin, International Series in Pure and Applied

Mathematics, McGraw-Hill, 1976 (3rd edition).

16. Learning and teaching methods

Number of contact hours: 48

Total study hours: 150
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Contact hours comprise a mix of lecture and example classes.

Student study hours would be distributed between consolidation of lecture material, the working

of exercises on exercise sheets, assessed exercises, using Maple to obtain results and check their

work, exam preparation, and possibly the completion of a short project.

17. Assessment methods and how these relate to testing achievement of the intended

learning outcome:

Assessment : The module is assessed on the basis of examination (80%), coursework (20%)

Examination: A 2 hour written examination in Term 3 that consists of multi-part questions

requiring a mix of long and short answers to test at varying levels of proficiency the learning

outcomes of the topics taught. This is assessing the Subject Specific Learning Outcomes 12

(a)-(g) and the Generic Learning Outcomes 13 (i)-(iii).

Coursework : This consists of open-book assignments of unseen problems, either to be worked

by hand or to test the use of Maple to solve and display relevant computations and graphs. Up

to the discretion of the lecturer, a part of the assessed coursework can consist of a short essay

based on independent reading. This provides continuous assessment of Learning Outcomes 12

(a)-(g) and 13 (i)-(iii), but also assesses 12 (h) and 13 (iv), which would be difficult to cover by

a 2 hour written examination.

18. Implications for Learning Resources

Staff: Convener and moderator

Library: books as requested

IT and Space: suitable rooms for lectures (3 per week) and example classes (1 per week).

19. A statement confirming that, as far as can be reasonably anticipated, the curriculum,

learning and teaching methods and forms of assessment do not present any non-

justifiable disadvantage to students with disabilities

The expectations of SENDA have been incorporated in the curriculum design and students

having documented individual learning needs are advised by the Dyslexia & Disability Support

Service. Therefore, as far as can be reasonably anticipated, the curriculum, learning and teaching

methods and forms of assessment do not present any non-justifiable disadvantage to students

with disabilities.

Statement by the Director of Learning and Teaching

“I confirm I have been consulted on the above module proposal and have given advice on the

correct procedures and required content of module proposals”

................................................................

Director of Learning and Teaching

Print Name
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..............................................

Date

Statement by the Head of School

“I confirm that the Department has approved the introduction of the module and, where the module

is proposed by Departmental staff, will be responsible for its resourcing”

.................................................................

Head of School

Print Name

..............................................

Date
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