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	MODULE CODE
	PH-M01

	TITLE OF MODULE
	MATHEMATICAL PHYSICS

	CREDIT POINTS
	10

	LEVEL
	M

	SEMESTER
	1

	CONTACT HOURS
	22 to include 16 lectures

	PRE-REQUISITE
	

	CO-REQUISITE
	

	LECTURER/S
	Dr C J Evans

	MONITOR/S
	Dr C Allton

	METHOD OF ASSESSMENT
	20% Continuous Assessment, 80% Written Examination

	OBJECTIVES
	The idea of this course is to give a thorough treatment of a selection of three or four topics importance in modern physics where mathematics plays an essential role.  The emphasis will be on the applications rather than on the extensive development of new mathematics.

	SYLLABUS
	Complex integration

Complex differentiation, Cauchy-Riemann equations, analytic functions, harmonic functions.  Cauchy’s theorem and contour integration, Taylor’s theorem, Laurent’s theorem, singularities.  Typical forms of complex integrals.  Integrals important in Physics.

Variational methods

Stationary-value (SV) problems, SV problems with constraints, Lagrange’s method of undetermined multipliers.  The Euler-Lagrange equation basic form and generalisations, Classical problems (brachistochrone, etc.) Rayleigh-Ritz methods, examples in quantum mechanics.    

Group Theory

Group operations, discrete groups, types of groups (permutation, dihedral, etc. group relationships (subgroups, isomorphisms, co-sets, generators, etc.).  Continuous groups, rotations, orthogonal and Unitary groups, Physical applications.

	LEARNING OUTCOMES
	Students will gain an appreciation of some advanced concepts in mathematics.  Problem-solving skills will be enhanced through worked examples and exercise sheets.

	SUGGESTED READING
	1. “Mathematical Methods for Physicists” by G B Arfken (Addison-Wesley) ISBN 0-120-598159

2. “Mathematical Methods of Physics” by J Mathews and R L Walker

 (W A Benjamin) ISBN 0-805-370021

3. “Advanced Mathematics for Engineers and Scientists” by M R Spiegel (McGraw-Hill, Schaum Outline Series) ISBN 0-070-602166

4. “Theory and Problems of Complex Variables” by M R Spiegel (McGraw-Hill, Schaum Outline Series) ISBN 0-070-602301
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	MODULE CODE
	PH-M03

	TITLE OF MODULE
	TOPICS IN MODERN PHYSICS

	CREDIT POINTS
	10

	LEVEL
	M

	SEMESTER
	1

	CONTACT HOURS
	22 to include 18 lectures

	LECTURER/S
	Dr A Naqvi/Dr C Nunez/ Dr D P Van der Werf

	MONITOR/S
	As Above

	METHOD OF ASSESSMENT
	20% Continuous Assessment, 80% Written Examination

	OBJECTIVES
	The Objective of this module is to introduce the student to a number of “state-of-the-art” topics reflecting recent progress in the field of physics.  The subjects covered will be varied from time to time depending on advances that are made and the availability of, for example, visiting lecturers.

	SYLLABUS
	Lagrangian Mechanics and Solitons

The objective of this course is to introduce some topics that are widely used in various branches of Physics. In this case, we will focus on `Solitons', that is classical solutions to field theory equations of motion with very peculiar and interesting properties.  Solitons play an important role in High Energy Physics, Condensed Matter, Fluid dynamics, etc.  This course of eight lectures will start with an introduction of Lagrangian dynamics, Conservation Laws, then moving into simple examples of Field theory.  The above mentioned Solitons will be introduced and some of its applications will be discussed
Muon spin rotation spectroscopy
The muon, discovered in 1936, has become an invaluable tool in studying the magnetic properties of materials and, because it can be regarded as a light hydrogen atom, probing the behaviour of hydrogen in materials, especially semiconductors. In this course we will review the discovery of the muon, its presence in cosmic rays and the production of muon beams. Subsequently we will look at muon spin rotation spectroscopy and its applications on superconductors, semiconductors and on solid state materials in general.



	LEARNING OUTCOMES
	1. A knowledge of specific topics at the forefront of research and to comprehend them, even if not all details are within the student’s prior experience in physics.

2. An appreciation of the difficulty of “staying on top” in a rapidly evolving and specialising scientific/technical environment.

3. Experience of extracting fundamental principles of “new” physics from relevant textbooks and searching for “hot-off-the press” scientific publications. 

	SUGGESTED READING
	Additional background reading will be given, either in the form of handouts or by referencing suitable publications in scientific journals or monographs. 
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	MODULE CODE
	PH-M04

	TITLE OF MODULE
	APPLICATIONS OF QUANTUM PHYSICS

	CREDIT POINTS
	10

	LEVEL
	M

	SEMESTER
	1

	CONTACT HOURS
	22 to include 16 lectures

	PRE-REQUISITE
	PH-205, PH-302, PH-307

	CO-REQUISITE
	

	LECTURER/S
	Dr A Naqvi

	MONITOR/S
	Prof T Hollowood

	METHOD OF ASSESSMENT
	20% Continuous Assessment, 80% Written Examination

	OBJECTIVES
	The aim of this course is to give an in depth treatment of three or four topics of great importance in modern physics where quantum mechanics plays an essential role.  The emphasis will be on the applications rather than on the development of new formalism.

	SYLLABUS
	Approximate Methods

Non-degenerate time independent perturbation theory and variational methods.

Band Theory

Quantum theory of electrons in crystals, Schrodinger equation in a periodic potential, Bloch’s theorem.  Band structure in the tight binding approximation and the nearly free electron model. 

BCA Theory of  Superconductivity

Quantum theory of identical particles, creation and annihilation operators for Bose-Einstein and Fermi-Dirac particles, electron-phonon interaction, Cooper pairs, the BCS ground state, energy gap and other properties of superconductors.

Extra selected topics in Applied Quantum Mechanics.

	LEARNING OUTCOMES
	1. An understanding of the application of Quantum Mechanics to a number of important topics in Modern Physics.

2. Experience in using approximate methods.

3. Experience in problem solving.

	SUGGESTED READING
	1. “Quantum Mechanics” by Mandl (Wiley) ISBN 0-471-93155

2. “Lectures on Quantum Mechanics” by Baym (Perseus) ISBN 0-805- 306676

3. “Quantum Mechanics” by McMurry (Addison-Wesley) ISBN 0-201-54439-3

4. ‘Introduction to Solid State Physics” by Kittel (Wiley) ISBN 0-471-111813

5. “Introduction to Superconductivity” by Tinkham (McGraw-Hill) ISBN 0-070-648786

6. “Superconductivity” by Poole, Farach, Creswich (Academic Press)

         ISBN 0-125-61456X 
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MODULE CODE

 

PH

-

M06

 

TITLE OF MODULE

 

GROUP THEORY IN PARTICLE PHYSICS

 

CREDIT POINTS

 

10

 

LEVEL

 

M

 

SEMESTER

 

1

 

CONTACT HOURS

 

22 to include 16 lectures

 

PRE

-

REQUISITE

 

PH

-

305

 

CO

-

REQUISITE

 

 

LECTURER/S

 

Prof G M Shore

 

MONITOR/S

 

Prof S J Hands

 

METHOD OF 

AS

SESSMENT

 

20% Continuous Assessment, 80% Written Examination 

 

OBJECTIVES

 

Particle Physics is the study of the fundamental constituents of matter and 

their interactions.  This course presents the standard model of particle 

physics, its experimental origins 

and outstanding research issues, 

emphasizing the symmetry structure.

 

SYLLABUS

 

1.

 

Introduction to particle physics.

 

2.

 

Group theory: Lie groups, representations, roots, weights, SU(2), SU(3), 

products of representations.

 

3.

 

Hadrons, quarks, and flavour symmetry.

 

4.

 

Ga

uge theories.

 

 

 

LEARNING 

OUTCOMES

 

Students will learn about the standard model of particle physics at a level 

appropriate to their prior understanding of quantum mechanics.  They will 

understand the symmetry structure of the theory and its particle conten

t in 

terms of the mathematical formalism of group theory, the experimental 

origins of the theory, and its phenomenology. 

 

SUGGESTED READING

 

“Groups, Representations and Physics” by H Jones (Hilger) 

 

     ISBN 0

-

750

-

30504

-

5 

 

  “Particle Physics” by B. Mart

in and G Shaw (Wiley) 

 

     ISBN 0

-

471

-

92359

-

1

 

  “Quarks and Leptons” by F Halzen and A Martin (Wiley)

 

     ISBN 0

-

471

-

88741

-

2
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MODULE CODE

 

PH

-

M08

 

TITLE OF MODULE

 

MODERN LASER SYSTEMS

 

CREDIT POINTS

 

 

LEVEL

 

M

 

SEMESTER

 

1

 

CONTACT HOURS

 

22 to include 16 lectures 

 

PRE

-

REQUISITE

 

 

CO

-

REQUISITE

 

 

LECTURER/S

 

Prof H H Telle 

 

MONITOR/S

 

Prof M Charlton

 

METHOD OF 

ASSESSMENT

 

20% Cont

inuous Assessment, 80% Written Examination

 

OBJECTIVES

 

The objective of this module is to develop a link between basic principles of 

laser physics and the practical implementation of laser systems, which 

currently revolutionise laser applications.  Certain

 aspects of measuring 

specific laser parameters and characteristics will be discussed and 

highlighted in practical demonstrations.  

 

SYLLABUS

 

1.

 

Refresher/Introduction:  Basic principles of laser action; 3

-

level and 4

-

level systems; simple rate equations; la

ser cavities (including mode 

structure).

 

2.

 

Pulsed solid

-

state laser sources

 

:  Fundamentals of solid state lasers; 

generation of short pulses; wavelength, intensity and time distributions.

 

3.

 

Continuous wave semiconductor diode lasers: Fundamentals of laser 

dio

des; “tailored” fabrication; operation; wavelength and intensity 

distributions; wavelength selection.

 

4.

 

Selected applications:  

Metrology; lasers in data storage and 

telecommunications; analytical laser spectroscopy; photonics 

–

 the 

measurement of laser prop

erties.

.

 

5.

 

Issues of  Laser safety

  

 

LEARNING 

OUTCOMES

 

1.

 

To become familiar with the “new generation” of laser systems, and to 

understand the basic physics behind the tailoring/optimisation of laser 

sources for specific applications.

 

2.

 

To become aware of issues

 of laser safety in common

-

day practical 

applications.

 

3.

 

To gain insight into the operation and use of different laser systems.

 

SUGGESTED READING

 

“Optoelectronics 

–

 an Introduction” by J Wilson and J F B Hawkes, 2

nd

 ed 

(Prentice Hall, 1989) ISBN 0

-

131

-

03961

X

 

 

 

 

 

 

 

DEPARTMENT OF PHYSICS MODULE DATA

 


[image: image6.wmf] 

DEPARTMENT OF PHYSICS MODULE DATA

 


	MODULE CODE
	PH-M24 / PH-M26

	TITLE OF MODULE
	RESEARCH PROJECT/ THEORETICAL RESEARCH PROJECT

	CREDIT POINTS
	60 (50 project + 10 Project Skills course, including a 1-week workshop at Gregynog 

	LEVEL
	M

	SEMESTER
	2

	CONTACT HOURS
	Full time for whole semester, including one-week project preparation course at Gregynog and a one-day workshop at Swansea

	PRE-REQUISITE
	

	CO-REQUISITE
	

	COORDINATOR
	Prof H H Telle

	MONITOR/S
	Departmental Supervisors

	METHOD OF ASSESSMENT
	Continuous assessment, oral presentation and Project Dissertation

	OBJECTIVES
	This module consists of a general part (at Gregynog) and a specific part (at Swansea).  Gregynog: how to organise research, work in  ateam, prepare a research idea to be ready for implementation as an actual project, and to assess the quality of written and oral presentations.  Swansea:  oral presentation (in PPT) of the research project the student is undertaking.  Experimental/theoretical research project: to develop a particular aspect of research from its conception to the generation and interpretation of results.

	SYLLABUS
	Syllabus for  Project Skills Course (Gregynog and Swansea)
1. Project planning:  Elements of project planning, including issues like objectives, milestones, schedules, costing, Gantt charts and time management.

2. Research planning:  funding sources, preparing a proposal, project management and organisation.

3. Communication skills:  writing of papers, reports, notes and general science documents; presenting research results in form of oral talks and posters; interview techniques.

4. Group work:  introduction into issues of team work, developing a research proposal from the conception of an idea through planning and costing to submission.

5. Presentation and assessment of proposals:  refereeing proposals; presentation of proposals; assessing proposals in a panel (panels made up from students and staff).



	LEARNING OUTCOMES
	1. Experience in the planning and organisation of research work.

2. Familiarity with working in a team, and appreciating the problems of leading efforts, delegating tasks and working under pressure

3. Experience of working in a research environment.

4. Experience of maintaining research records and research reports and of producing a substantial dissertation on an extended research project

. 


	EG-355  Quantum Devices and Characterisation 

	Module Level: 3  
Credits: 10   

Session: 2005/6    

Teaching Block: 1 

	Module aims: To introduce and develop the design parameters for state of the art semiconductor devices based on quantum confinement and to consider methods to characterise the device properties.

	Pre-requisite modules: EG-242

	Co-requisite modules: 

	Incompatible modules: 

	Format:
Lectures 




22 hours



Example classes 



  4 hours



Directed private study



74 hours 

	Lecturer:  Professor S.P. Wilks

	Assessment: Examination

	Module content: 
· Difference between semiconductor bulk and interface properties; surface states and their influence on interface formation.  Selectivity of bulk and interface characteristics.  Multi-layer device formation.  
· Quantum devices such as the laser diode, MOS interface, high electron mobility transistor and negative differential resistance tunnel diode. 
· Device and material characterisation techniques; I-V, C-V, four-point probe, scanning tunnelling microscopy.
· Future electronic devices based on quantum dots and the possibility of quantum computing.

	Practical work: 



	Intended Learning Outcomes:  After completing this module you should be able to:

1. explain the importance of bulk and interface properties in device operation

2. evaluate state of the art industrial and research techniques to characterise materials and devices

3. analyse the suitability of semiconductor materials for device fabrication

4. design simple quantum structures to produce laser diodes, high speed transistors and negative differential resistance

5. discuss the need for miniaturisation and evaluate its effect on device characteristics

6. analyse the current concepts associated with future devices based on nanotechnology, nanotronics

	Recommended texts: 

To be advised by lecturer.

	Further reading: 



	Additional notes:  
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		MODULE CODE

		PH-M06



		TITLE OF MODULE

		GROUP THEORY IN PARTICLE PHYSICS



		CREDIT POINTS

		10



		LEVEL

		M



		SEMESTER

		1



		CONTACT HOURS

		22 to include 16 lectures



		PRE-REQUISITE

		PH-305



		CO-REQUISITE

		



		LECTURER/S

		Prof G M Shore



		MONITOR/S

		Prof S J Hands



		METHOD OF ASSESSMENT

		20% Continuous Assessment, 80% Written Examination 



		OBJECTIVES

		Particle Physics is the study of the fundamental constituents of matter and their interactions.  This course presents the standard model of particle physics, its experimental origins and outstanding research issues, emphasizing the symmetry structure.



		SYLLABUS

		1. Introduction to particle physics.


2. Group theory: Lie groups, representations, roots, weights, SU(2), SU(3), products of representations.


3. Hadrons, quarks, and flavour symmetry.


4. Gauge theories.


 



		LEARNING OUTCOMES

		Students will learn about the standard model of particle physics at a level appropriate to their prior understanding of quantum mechanics.  They will understand the symmetry structure of the theory and its particle content in terms of the mathematical formalism of group theory, the experimental origins of the theory, and its phenomenology. 



		SUGGESTED READING

		“Groups, Representations and Physics” by H Jones (Hilger) 


     ISBN 0-750-30504-5 


  “Particle Physics” by B. Martin and G Shaw (Wiley) 


     ISBN 0-471-92359-1


  “Quarks and Leptons” by F Halzen and A Martin (Wiley)


     ISBN 0-471-88741-2
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		MODULE CODE

		PH-M08



		TITLE OF MODULE

		MODERN LASER SYSTEMS



		CREDIT POINTS

		



		LEVEL

		M



		SEMESTER

		1



		CONTACT HOURS

		22 to include 16 lectures 



		PRE-REQUISITE

		



		CO-REQUISITE

		



		LECTURER/S

		Prof H H Telle 



		MONITOR/S

		Prof M Charlton



		METHOD OF ASSESSMENT

		20% Continuous Assessment, 80% Written Examination



		OBJECTIVES

		The objective of this module is to develop a link between basic principles of laser physics and the practical implementation of laser systems, which currently revolutionise laser applications.  Certain aspects of measuring specific laser parameters and characteristics will be discussed and highlighted in practical demonstrations.  



		SYLLABUS

		1. Refresher/Introduction:  Basic principles of laser action; 3-level and 4-level systems; simple rate equations; laser cavities (including mode structure).


2. Pulsed solid-state laser sources :  Fundamentals of solid state lasers; generation of short pulses; wavelength, intensity and time distributions.


3. Continuous wave semiconductor diode lasers: Fundamentals of laser diodes; “tailored” fabrication; operation; wavelength and intensity distributions; wavelength selection.


4. Selected applications:  Metrology; lasers in data storage and telecommunications; analytical laser spectroscopy; photonics – the measurement of laser properties..


5. Issues of  Laser safety  



		LEARNING OUTCOMES

		1. To become familiar with the “new generation” of laser systems, and to understand the basic physics behind the tailoring/optimisation of laser sources for specific applications.


2. To become aware of issues of laser safety in common-day practical applications.


3. To gain insight into the operation and use of different laser systems.



		SUGGESTED READING

		“Optoelectronics – an Introduction” by J Wilson and J F B Hawkes, 2nd ed (Prentice Hall, 1989) ISBN 0-131-03961X
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